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1

The Plaintiffs’ Steering Committee (“PSC”) submits this omnibus brief in 

support of its motions to exclude the opinions and testimony of Defendants’ experts. 

This omnibus brief, when read in conjunction with the accompanying expert-specific 

briefs, will assist the Court with the applicable Daubert legal standard for evaluating 

expert witness general causation opinions and legal and scientific principles 

pertaining to causal inference. As set forth in the accompanying expert-specific 

briefs, Defendants’ expert witnesses have failed to satisfy the Daubert requirements 

as set forth herein. 

I. LEGAL STANDARD FOR ADMISSIBILITY OF EXPERT GENERAL 
CAUSATION OPINIONS 

A. The Admissibility of Expert Testimony Under Fed. R. Evid. 702 

The admissibility of expert testimony is determined pursuant to Fed. R. Evid. 

702, which incorporates the standards outlined by the United States Supreme Court 

in Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579 (1993). Pursuant to this rule, 

a witness qualified as an expert in “scientific…knowledge” may testify thereto if: 

“(1) the testimony is based upon sufficient facts or data, (2) the testimony is the 

product of reliable principles and methods, and (3) the witness has applied the 

principles and methods reliably to the facts of the case.”1 As established by the 

Supreme Court, the trial court acts as a “gatekeeper” to the admission of expert 

1 Daubert, 509 U.S. at 592, 597. 
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scientific testimony under Fed. R. Evid. 702.2 The trial court must conduct a 

preliminary assessment “to ensure that any and all scientific testimony . . . is not 

only relevant, but reliable.”3

B. Differing and Competing Expert Opinions Are Left for the Jury – 
The Trial Court Must Only Assess Methodology 

The Daubert analysis focuses on the methodology underlying an expert’s 

opinion, not the expert’s conclusions.4 Daubert requires the proponent of the 

scientific evidence to show that the expert’s conclusion has been arrived at “in a 

scientifically sound and methodologically reliable fashion,” not that the expert’s 

opinion or methodology is beyond reproach.5 Therefore, the focus of admissibility 

under Daubert is the reliability of the experts’ methods, not the correctness of their 

conclusions.6 In other words, it is not the trial court’s task to decide whether an 

2 Id. at 589. 
3 Id.
4 Id. at 595. 
5 Ruiz-Troche v. Pepsi Cola of Puerto Rico Bottling Co., 161 F.3d 77, 85 (1st Cir. 
1998); In re TMI Litig., 193 F.3d 613, 665 (3d Cir. 1999) (explaining that plaintiffs 
“do not have to demonstrate to the judge by a preponderance of the evidence that the 
assessments of their experts are correct, they only have to demonstrate by a 
preponderance of evidence that their opinions are reliable” (citation omitted)). 
6 Daubert, 509 U.S. at 585. See also Beech Aircraft Corp. v. Rainey, 488 U.S. 153, 
1969 (1988); Fed. R. Evid. 402.   
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expert’s conclusions are correct.7 The trial court is not empowered “to determine 

which of several competing scientific theories has the best province.”8 As long as 

the expert’s testimony falls within “the range where experts may reasonably differ,” 

then it is up to the jury to decide among the competing views.9

The trial court’s role under Daubert is to ensure that “the expert in the 

courtroom employs the same level of intellectual rigor that characterizes the practice 

of an expert in the relevant field.”10 The trial court, as gatekeeper, should require 

nothing less to protect against junk science from confusing jurors, and to assure that 

7 Daubert v. Merrell Dow Pharm., Inc., 43 F.3d 1311, 1318 (9th Cir. 1995) (Daubert
II) (“[T]he Daubert test “is not the correctness of the expert’s conclusion but the 
soundness of his methodology.”).  
8 Milward v. Acuity Specialty Prod. Grp., Inc., 639 F.3d 11, 15 (1st Cir. 2011) 
(internal quotation marks and citations omitted) 
9 Kumho Tire Co. v. Carmichael, 526 U.S. 137, 153, 119 S. Ct. 1167, 143 L. Ed. 2d 
238 (1999); In re: Tylenol (Acetaminophen) Mktg., Sales Practices, & Prod. Liab. 
Litig., No. 2436, 2016 WL 4039286, at *2 (E.D. Pa. July 28, 2016) (“Fed. R. Evid. 
702 and Daubert put their faith in an adversary system designed to expose flawed 
expertise.”); United States v. Mitchell, 365 F.3d 215, 244–45 (3d Cir. 2004) 
(citations omitted) (“As long as an expert's scientific testimony rests upon ‘good 
grounds, based on what is known,’ it should be tested by the adversary process—
competing expert testimony and active cross–examination—rather than excluded 
from jurors' scrutiny for fear that they will not grasp its complexities or satisfactorily 
weigh its inadequacies.”); In re Urethane Antitrust Litig., 166 F. Supp. 3d 501 
(D.N.J. 2016) (“in serving the “gatekeeper function” and assessing the reliability of 
an expert's methodology, the Court must be mindful that in order to be admissible, 
a scientific method need not be the “best” method or one that is demonstrably 
correct. “Rather, the test is whether the ‘particular opinion is based on valid 
reasoning and reliable methodology.’) 
10 Kumho Tire Co., 526 U.S. at 150–151. 
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science in the courtroom meets threshold reliability standards.11 But the converse is 

also true: the trial court should not impose standards that exceed what is expected 

and practiced in the expert’s field.12

C. The Three Basic Inquiries for the Trial Court Under Fed. R. Evid. 
702 And Third Circuit Precedent 

The Third Circuit has distilled Fed. R. Evid. 702 down to three basic inquiries: 

qualifications, reliability, and fit.13

1) Qualifications 

The first requirement mandates that the expert witness must have specialized 

expertise on the subject matter at hand so they can provide both insightful and 

relevant testimony.14 The Third Circuit has held that “a broad range of knowledge, 

skills, and training [will] qualify an expert.”15

Whether an expert is the best qualified person to testify on a given matter goes 

to the weight of the evidence rather than admissibility, and weight decisions should 

be left to the jury.16 “However, at a minimum, a proffered expert witness must 

11 Daubert, 509 U.S. at 595. 
12 Ruiz-Troche, 161 F.3d at 86. 
13 JVI, Inc. v. Truckform Inc., No. CIV. 11-6218 FLW, 2012 WL 6708169, at *4 
(D.N.J. Dec. 26, 2012) (Wolfson, F.) (quotations and citation omitted). 
14 Pineda v. Ford Motor Co., 520 F.3d 237, 244 (3d Cir. 2008).   
15 Id. (citation and quotations omitted).   
16 Holbrook v. Lykes Bros. S.S. Co., 80 F.3d 777, 782 (3d Cir. 1996) (“Because of 
our liberal approach to admitting expert testimony, most arguments about an expert's 
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possess skill or knowledge greater than the average layman.”17 “If the expert meets 

liberal minimum qualifications, then the level of the expert's expertise goes to 

credibility and weight, not admissibility.”).18 However, while an expert may be 

qualified in some areas, the expert may not be qualified to testify to specific topics 

outside his or her area of expertise.19 Any testimony outside the expert’s area of 

expertise must be stricken.  For example, an expert qualified to testify regarding the 

use of polarized light microscopy (PLM) in the evaluation of talcum powder, but has 

no expertise in other types of analysis such as Raman spectroscopy or transmission 

electron microscopy (TEM), may not testify to the strengths or weaknesses of a type 

of analysis for which they have no experience or expertise.20

qualifications relate more to the weight to be given the expert's testimony than to its 
admissibility. Thus, witnesses may be competent to testify as experts even though 
they may not, in the court's eyes, be the ‘best’ qualified. Who is ‘best’ qualified is a 
matter of weight upon which reasonable jurors may disagree.”). 
17 Elcock v. Kmart Corp., 233 F.3d 734, 746 (3d Cir. 2000). 
18 Kannankeril v. Terminix Int'l, Inc., 128 F.3d 802, 809 (3d Cir. 1997). 
19 Surace v. Caterpillar, Inc., 111 F.3d 1039, 1056 (3d Cir. 1997); Buzzerd v. 
Flagship Carwash of Port St. Lucie, Inc., 397 F. App'x 797, 800 (3d Cir. 2010) 
(affirming exclusion of proffered expert testimony, in part because the witness 
“articulated no expertise in the field of aerodynamics or air flow”); see D & D 
Assocs., Inc. v. Bd. of Educ. of N. Plainfield, No. CIV.A. 03-1026 (MLC), 2006 WL 
755984, at *3 (D.N.J. Mar. 20, 2006) (“If an expert’s area of expertise is adjacent 
to, but not actually encompassing, the subject matter of his testimony, he may be 
deemed unqualified.”). 

20 See, e.g., Player v. Motiva Enterprises LLC, No. CIV. 02-3216 (RBK), 2006 WL 
166452, at *5 (D.N.J. Jan. 20, 2006) (finding that an expert who was experience in 
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2) Reliability 

Next, the expert’s testimony must be reliable.21 In other words, the expert's 

opinion must be based on the methods and procedures of science rather than on 

subjective belief or unsupported speculation; the expert must have good grounds for 

his or her belief.  An assessment of the reliability of scientific evidence under Fed. 

R. Evid. 702 requires a determination as to its scientific validity.  

To determine if an expert’s testimony is indeed reliable, the Third Circuit has 

provided some factors district courts should consider: 

[(1)] whether a method consists of a testable hypothesis; 
(2) whether the method has been subject to peer review; 
(3) the known or potential rate of error; (4) the existence 
and maintenance of standards controlling the technique's 
operation; (5) whether the method is generally accepted; 
(6) the relationship of the technique to methods which 
have been established to be reliable; (7) the qualifications 
of the expert witness testifying based on the methodology; 
and (8) the non-judicial uses.22

appraising uncontaminated properties was unqualified to provide an opinion on the 
value of contaminated properties).
21 In re Paoli R.R. Yard PCB Litig., 35 F.3d 717, 744 (3d Cir. 1994) (“This does not 
mean that plaintiffs have to prove their case twice—they do not have to demonstrate 
to the judge by a preponderance of the evidence that the assessments of their experts 
are correct, they only have to demonstrate by a preponderance of evidence that their 
opinions are reliable.” (emphasis in original) (italics added)). “[A]n expert is 
permitted wide latitude to offer opinions, including those that are not based on 
firsthand knowledge or observation.” Daubert, 509 U.S. at 592.). 
22 Schneider ex rel. Estate of Schneider v. Fried, 320 F.3d 396, 405 (3d Cir. 2003) 
(citation omitted).   
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The Third Circuit has explained that this list is non-exclusive and trial courts 

do not need to apply each factor in every single case.23 In addition, reviewing these 

factors is also not a simple analysis and a tally of how many of them end up in a 

party’s favor.24 Rather, in determining whether to admit an expert’s opinion, a trial 

court must thoroughly assess “whether the ‘particular opinion is based on valid 

reasoning and reliable methodology.’”25 Finally, the trial court does not have to 

focus on the conclusions the expert’s methodologies create because that is a job for 

the jury.26

Additionally, “[w]here there are other factors that demonstrate the reliability 

of the expert's methodology, an expert opinion should not be excluded simply 

23 Elcock, 233 F.3d at 746.  
24 Heller v. Shaw Indus., Inc., 167 F.3d 146, 152 (3d Cir. 1999) (“In this regard, a 
party seeking to exclude (or to admit) expert testimony must do more than enumerate 
the factors from Daubert (and the additional ones from Paoli, discussed below) and 
tally the number that are or are not met by a particular expert's testimony.”). 
25 See Oddi v. Ford Motor Co., 234 F.3d 136, 145–46 (3d Cir. 2000) (citation 
omitted).  
26 See Kannankeril, 128 F.3d at 807 (“Our inquiry focuses on principles and 
methodology and not on the conclusions they generate. The analysis of the 
conclusions themselves is for the trier of fact when the expert is subjected to cross-
examination.”) (citations omitted); In re Actos (Pioglitazone) Prod. Liab. Litig., 
2014 WL 60384, at *8 (W.D. La. Jan. 7, 2014) (“an expert can and does exercise his 
or her judgment and if he or she gives reasons for that decision and a full explanation 
for those choices, disagreement with those choice becomes a matter for the trier of 
fact.”).   
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because there is no literature on point.”27 Furthermore, the method used by the expert 

does not always have to be correct.  The method just needs to be reliable.28

The expert, however, must have good grounds for his or her opinion.29  Courts 

in the Third Circuit should not strictly apply this reliability requirement.30 A trial 

court cannot exclude a novel method of expert testimony so long as the method the 

expert employs and its application of that method are reliable.31 Whether or not a 

court should admit an expert’s opinion, depends on “whether the ‘particular opinion 

is based on valid reasoning and reliable methodology.’”32 And if a court believes 

27 Schneider ex rel. Estate of Schneider, 320 F.3d at 406.   
28 Pineda, 520 F.3d at 247 (“While a litigant has to make more than a prima facie
showing that his expert's methodology is reliable, we have cautioned that the 
evidentiary requirement of reliability is lower than the merits standard of 
correctness.”) (citations and quotations omitted); see also Heller, 167 F.3d at 152 
(“Put differently, an expert opinion must be based on reliable methodology and must 
reliably flow from that methodology and the facts at issue—but it need not be so 
persuasive as to meet a party's burden of proof or even necessarily its burden of 
production.”); see also Kannankeril, 128 F.3d at 807.  
29 Schneider ex rel. Estate of Schneider, 320 F.3d at 404 (“[T]he expert must have 
good grounds for his o[r] her belief.”) (quotations omitted). 
30 United States v. Velasquez, 64 F.3d 844, 849–50 (3d Cir. 1995) (“We have 
cautioned, however, against applying the reliability requirement too strictly, 
explaining that the reliability requirement must not be used as a tool by which the 
court excludes all questionably reliable evidence. The ultimate touchstone of 
admissibility is helpfulness to the trier of fact.”) (quotations and citation omitted).  
31 Heller, 167 F.3d at 153 (“[T]he district court could not exclude the testimony 
simply because the conclusion was ‘novel’ if the methodology and the application 
of the methodology were reliable.”) (citation omitted).   
32 Oddi, 234 F.3d at 145–46 (citation omitted).   
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that the expert’s opinion does not make sense based on the data in the case, it can 

properly exclude it.33

Focusing on extremely limited evidence, or ignoring the totality of available 

relevant scientific proof, renders an expert opinion unreliable and scientifically 

unsound.34 There is significant support across the country finding expert testimony 

unreliable if the expert fails to consider contrary evidence. “An expert’s opinion may 

be unreliable if he fails to account for contrary scientific literature and instead 

‘selectively chooses his support from the scientific landscape.’”35

33 Id. at 146 (“A court may conclude that there is simply too great a gap between the 
data and the opinion proffered.”) (citations and quotations omitted). 
34 In re Neurontin Mktg. & Sales Practices Litig., 04-CV-10739-PBS, 2011 WL 
3852254, at *34 (D. Mass. Aug. 31, 2011), aff'd, 712 F.3d 21 (1st Cir. 2013)
(excluding expert's testimony where it was found that the expert “reache[d] his 
opinion by first identifying his conclusion . . . and then cherry-picking observational 
studies that support his conclusion and rejecting or ignoring the great weight of the 
evidence that contradicts his conclusion.” (citing In re Bextra & Celebrex Mktg. 
Sales Practices & Prod. Liab. Litig., 524 F. Supp. 2d 1166, 1176 (N.D. Cal. 2007) 
(emphasis added)); Yates v. Ford Motor Co., 113 F. Supp. 3d 841, 858 (E.D.N.C. 
2015); see also In re Zoloft (Sertraline Hydrochloride) Prod. Liab. Litig., 26 F. 
Supp. 3d 449 (E.D. Pa. 2014) (finding expert’s opinion not reliable or scientifically 
sound because the expert failed to account adequately for contrary evidence (citing 
In re Avandia Mktg., No. 2007-MD-1871, 2011 U.S. Dist. LEXIS 479, at *9 (E.D. 
Pa. 2011)). 
35 In re Zoloft, 26 F. Supp. 3d at 449; Brill v. Marandola, 540 F. Supp. 2d 563 (E.D. 
Pa. 2008); In re Bextra and Celebrex Marketing Sales Practices and Product 
Liability Litigation, 524 F. Supp. 2d at 1176; In re Rezulin Prod. Liab. Litig., 369 F. 
Supp. 2d 398, 425 & n. 164 (S.D.N.Y. 2005); Eghnayem v. Bos. Sci. Corp., 57 F. 
Supp. 3d 658, 676 (S.D.W. Va. 2014) (quoting In re Rezulin Products Liability 
Litigation, 369 F. Supp. 2d at 425 (emphasis added and internal citations omitted) 
“[I]f the relevant scientific literature contains evidence tending to refute the expert's 

Case 3:16-md-02738-FLW-LHG   Document 9732   Filed 05/07/19   Page 16 of 47 PageID: 33752



10 

“[T]he reliability of an expert's opinion should be seriously questioned when 

it is shown that the expert formed his or her opinion prior to reviewing scientific 

evidence, and, thereafter, merely cherry-picked evidence favorable to that 

opinion.”36

In fact, many courts have identified certain methodological flaws as "red 

flags" that support exclusion of expert testimony on Daubert grounds, in addition to 

“cherry picking.”  These include: 1) improper extrapolation; 2) reliance on anecdotal 

theory and the expert does not acknowledge or account for that evidence, the expert's 
opinion is unreliable.”); see also Norris v. Baxter Healthcare Corp., 397 F.3d 878, 
886 (10th Cir. 2005) (affirming exclusion of expert testimony that failed to account 
for epidemiological evidence); Pooshs v. Phillip Morris USA, Inc., 287 F.R.D. 543, 
546 (N.D. Cal. 2012) (“A methodology may not be reliable if an expert fails to 
address and exclude alternative explanations for the data on which he bases his 
findings or rejects studies reporting contrary empirical findings.”); Abarca v. 
Franklin Cty. Water Dist., 761 F. Supp. 2d 1007, 1066 n.60 (E.D. Cal. 2011) (“A 
scientist might well pick data from many different sources to serve as circumstantial 
evidence for a particular hypothesis, but a reliable expert would not ignore contrary 
data, misstate the findings of others, make sweeping statements without support, and 
cite papers that do not provide the support asserted.” (internal citations omitted)); 
Rimbert v. Eli Lilly & Co., 647 F.3d 1247 (10th Cir. 2011) (“[A]n expert who 
chooses to completely ignore significant contrary epidemiological evidence in favor 
of focusing solely on non-epidemiological studies that support her conclusion 
engages in a methodology that courts find unreliable.”). 
36 In re Seroquel Products Liab. Litig., 6:06-MD-1769-ORL-22D, 2009 WL 
3806434, at *5 (M.D. Fla. June 18, 2009) (“A scientist who has a formed opinion as 
to the answer he is going to find before he even begins his research may be less 
objective than he needs to be in order to produce reliable scientific results.” (citing 
Perry v. United States, 755 F.2d 888, 892 (11th Cir. 1985) (emphasis added))); In re 
Zoloft, 26. F. Supp. 3d 461.  
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evidence; 3) insufficient information about the case; 4) failure to consider other 

possible causes;37 5) lack of testing; and 6) subjectivity.38

3) Fit 

The last part of the Third Circuit’s trilogy regarding admission of expert 

testimony is whether the expert’s testimony fits, which means that it is relevant to 

the case at bar and will help a juror in reaching their final decision.39

II. LEGAL AND SCIENTIFIC PRINCIPLES OF CAUSAL INFERENCE  

Applying Daubert in phased litigation such as this, the PSC’s experts are only 

required to proffer testimony on the issue of general causation. General causation 

37 Heller, 167 F.3d at 156 (finding that an expert's testimony “should not be excluded 
because he or she has failed to rule out every possible alternative cause of a plaintiff's 
illness,” but should only be ruled out if he or she fails to rule out obvious alternative 
explanations (emphasis added)). 
38 Oddi, 234 F.3d at 158 (3d Cir. 2000) (holding that an expert's ipse dixit does not 
withstand Daubert's scrutiny); Magistrini v. One Hour Martinizing Dry Cleaning, 
180 F. Supp. 2d 584, 595 (D.N.J. 2002) citing Gen. Elec. Co. v. Joiner, 522 U.S. 
136, 146, 118 S. Ct. 512, 139 L. Ed. 2d 508 (1997) (“nothing in either Daubert or 
the Federal Rules of Evidence requires a district court to admit opinion evidence that 
is connected to existing data only by the ipse dixit of the expert.”); Montgomery Cty. 
v. Microvote Corp., 320 F.3d 440, 448 (3d Cir. 2003) (citing Joiner, 522 U.S. at 
146); In re Gabapentin Patent Litig., No. CIV.A. 00-2931, 2011 WL 12516763, at 
*10 (D.N.J. Apr. 8, 2011); Hamilton v. Emerson Elec. Co., 133 F. Supp. 2d 360, 370 
(M.D. Pa. 2001) (“ipse dixit is defined in Black's Law Dictionary as ‘a bare assertion 
resting on the authority of an individual.’ Black's Law Dictionary 828 (6th Ed. 
1990).”); Holman Enterprises v. Fid. & Guar. Ins. Co., 563 F. Supp. 2d 467, 470 
(D.N.J. 2008). 
39 See Schneider ex rel. Estate of Schneider, 320 F.3d at 404 (“[R]ule 702 requires 
that the expert testimony must fit the issues in the case.).  
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exists when a substance is capable of causing a disease. In contrast, specific 

causation exists when exposure to an agent caused an individual plaintiff’s disease.40

If an exposure to a talcum powder product is capable of causing ovarian 

cancer in susceptible humans, the general causation requirement is met; it is not 

necessary that the exposure cause ovarian cancer in all, or most, people.  By way of 

analogy, it is accepted that tobacco smoke causes lung cancer, even though many 

long-term smokers do not develop lung cancer.   

A. Causal Inference is a Matter of Judgement 

Scientists recognize that determining causal probability should not be 

regarded as an experimental or epidemiological result. Rather, it is a “judgment” 

made about the totality of experimental or epidemiological data. 

“Drawing causal inference . . . requires judgment and searching analysis based 

on biology, of why a factor or factors may be absent despite a causal relationship, 

and vice versa.”41 As this judgment is a scientific determination, it can evolve “as 

40 Magistrini, 180 F. Supp. 2d at 590. See also In re Zoloft (Sertralinehydrochloride) 
Prod. Liab. Litig., 176 F. Supp. 3d 483, 491 (E.D. Pa. 2016); see also Leake v. United 
States, 843 F. Supp. 2d 554, 558 (E.D. Pa. 2011) (“In toxic tort cases, a plaintiff 
must demonstrate that the substance at issue is capable of causing the observed harm 
(general causation), and that the substance actually caused the harm suffered by the 
plaintiff (specific causation).”) (citations and footnote omitted); Restatement (Third) 
of Torts: Liability for Physical and Emotional Harm [hereinafter Restatement] § 28 
cmt. c(3) (2010) (emphasis added). 
41 Reference Manual on Scientific Evidence, Fed. Judicial Ctr. (3d ed. 2011) 
(hereinafter Ref. Man.) at 600. 
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new evidence develops” because “the scientific enterprise must always remain open 

to reassessing the validity of past judgments.”42 The judgment of whether to draw a 

causal inference can lead to disagreement amongst experts in the field.43 This 

interpretation of scientific studies “can produce legitimate disagreement among 

experts, and there is no mechanical procedure for resolving such differences of 

opinion.  In the end, deciding whether associations are causal typically is not a matter 

of statistics alone, but also rests on scientific judgment.”44

B. A Causal Inference Requires Examining the Totality of the 
Evidence and No Single Study Is Intended to Support Causation 

Scientists believe that assessing causation requires considering and evaluating 

the totality of the evidence. “Scientific inference typically requires consideration of 

numerous findings, which, when considered alone, may not individually prove the 

contention.”45 This is how science outside of the courtroom functions. Only through 

42 Id. at 598. 
43 See, example e.g., In re Neurontin Mktg., Sales Practices, & Prod. Liab. Litig., 
612 F. Supp. 2d 116, 149 (D. Mass. 2009) (causation supported by biologic 
plausibility notwithstanding the “robust debate in the scientific community” 
regarding the proposed mechanism). 

44 Ref. Man. at 222. 
45 Id. at 19–20; see also Milward, 639 F.3d at 26 (reversing the district court’s 
exclusion of expert testimony based on an assessment of the contribution of 
individual studies to an assessment of causation and finding that the “weight of the 
evidence” properly supported the expert’s opinion that exposure to benzene can 
cause acute promyelocytic leukemia).  
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the accumulation of scientific evidence, may a scientist infer causation. There is 

simply no definitive check-list or magic formula for making scientific judgments. 

As explained in the Reference Manual on Scientific Evidence: 

It appears that many of the most well-respected and prestigious 
scientific bodies (such as the International Agency for Research on 
Cancer (IARC), the Institute of Medicine, the National Research 
Council, and the National Institute for Environmental Health Sciences) 
consider all the relevant available scientific evidence, taken as a whole, 
to determine which conclusion or hypothesis regarding a causal claim 
is best supported by the body of evidence. In applying the scientific 
method, scientists do not review each scientific study individually for 
whether by itself it reliably supports the causal claim being advocated 
or opposed.46

As have numerous other courts, the Third Circuit has endorsed an expert’s use 

of the “weight of the evidence” approach to assessing the “totality” of evidence for 

evaluating general causation.47 As detailed in the PSC’s Daubert submissions, the 

46 Ref. Man. A primary source of authority for this brief is the Reference Manual on 
Scientific Evidence, published by the Federal Judicial Center. The Federal Judicial 
Center is the research and education agency of the federal judicial system. It was 
established by Congress in 1967 (28 U.S.C. §§ 620-629 (2015)), on the 
recommendation of the Judicial Conference of the United States, with the mission 
to “further the development and adoption of improved judicial administration in the 
courts of the United States.” Id. at xiii-xvi; see also Federal Judicial Center,
http://www.fjc.gov (last visited Nov. 15, 2018). The PSC refers to the Reference 
Manual (in addition to case law) throughout this brief because it is designed to assist 
judges on science issues, including Daubert.
47 See In re Zoloft (Sertraline Hydrochloride) Prod. Liab. Litig., 858 F.3d 787, 796–
797 (2017) (citing Milward, 639 F.3d at 17 (“[t]he court treated the separate 
evidentiary components of [the expert’s] analysis atomistically, as though his 
ultimate opinion was independently supported by each.”); see also Magistrini, 180 
F. Supp. 2d at 607; In re Tylenol (Acetaminophen) Mktg., Sales Practices, & Prod. 
Liab. Litig., 198 F. Supp. 3d 446, 458 (E.D. Pa. 2016); In re Phenylpropanolamine 
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PSC’s experts base their general causation opinions on multiple lines of scientific 

evidence, including, but certainly not limited to epidemiologic evidence.  

To better aid scientists in their quest to infer causation, Sir Austin Bradford 

Hill suggested various factors one could consider to infer causation from 

association.48 Hill proposed that consideration of nine “viewpoints” would assist 

scientists to assess causal relationships.49 These guidelines are “employed only after 

a study finds an association to determine whether that association reflects a true 

causal relationship.”50

(PPA) Prod. Liab. Litig., 289 F. Supp. 2d 1230, 1242 (W.D. Wash. 2003) (rejecting 
defense Daubert challenges which “isolate these sources [of evidence] rather than 
considering the whole”); Alexander v. Honeywell Int'l, Inc., No. 1:17 CV 504, 2018 
WL 4220628 (N.D. Ohio Sept. 5, 2018); In re Seroquel Prod. Liab. Litig., 2009 WL 
3806435; McMunn v. Babcock & Wilcox Power Generation Grp., Inc., No. 
2:10CV143, 2014 WL 814878 (W.D. Pa. Feb. 27, 2014); In re Abilify (Aripiprazole) 
Prod. Liab. Litig., 299 F. Supp. 3d 1291 (N.D. Fla. 2018); Waite v. AII Acquisition 
Corp., 194 F. Supp. 3d 1298 (S.D. Fla. 2016). 
48 Austin Bradford Hill, The Environment and Disease: Association or Causation?, 
58 Proc. Royal Soc’y Med. 295 (1965), see attached as Exhibit A; David E. 
Lilienfeld, et al., FOUNDATIONS OF EPIDEMIOLOGY 263-266 (3d ed. 1994) (further 
explaining Bradford-Hill criteria), see attached as Exhibit B. 
49 Id. The nine viewpoints are: strength or frequency of the association; the 
consistency of the association in varied circumstances; the specificity of the 
association; the temporal relationship between the disease and the posited cause; the 
dose response curve between them; the biological plausibility of the causal 
explanation given existing scientific knowledge; the coherence of the explanation 
with generally known facts about the disease; the experimental data that relates to it; 
and the existence of analogous causal relationships. Ref. Man. at 600. 
50 Id. at 598-99. 
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The Third Circuit has endorsed the use of the Hill guidelines as a generally 

reliable methodology.51 Numerous legal authorities recognize that the Bradford-Hill 

criteria require evaluation of all the evidence, with no one factor being dispositive.52

“There is no formula or algorithm that can be used to assess whether a causal 

inference is appropriate based on these guidelines. One of more factors may be 

51 See Gannon v. United States, 292 F. App'x 170, 172–73 (3d Cir. 2008); In re 
Zoloft, 858 F.3d at 796 (citing Milward, 639 F.3d at 17) (Bradford Hill criteria is 
“neither exhaustive nor a necessary list); see also In re Fosamax (Alendronate 
Sodium) Prod. Liab. Litig., No. CIV.A. 08-08, 2013 WL 1558690, at *2 (D.N.J. Apr. 
10, 2013); In re Tylenol (Acetaminophen) Marketing, Sales Practices, and Products 
Liability Litigation, 198 F. Supp. 3d at 455; In re Avandia Marketing, Sales 
Practices and Products Liability Litigation, 2011 WL 13576, at *3 (“Bradford-Hill 
criteria are used to assess whether an established association between two variables 
actually reflects a causal relationship.”) 
52 See Magistrini, 180 F. Supp. 2d at 593 (“[O]ne or more of the factors may be 
absent even where a causal relationship exists and ... no factor is a sine qua non of 
causation); In re Fosamax (Alendronate Sodium) Products Liability Litigation, 2013 
WL 1558690, at *4 (denying motion to preclude plaintiffs' expert on general 
causation because, as here, the expert considered the Bradford Hill factors, and the 
criticisms went to the weight, not admissibility of the testimony, concluding, 
“Defendant is free to address these issues on cross-examination...”); In re Zoloft 
(Sertraline Hydrochloride) Products Liability Litigation, 26 F. Supp. 3d at 463 (An 
expert need not consider or satisfy all criteria in order to support a causal 
inference.”); Milward, 639 F.3d at 18; see also Carl F. Cranor et. al., Judicial 
Boundary Drawing and the Need for Context-Sensitive Science in Toxic Torts After 
Daubert v. Merrell Dow Pharmaceuticals, Inc., 16 VA. ENVTL. L.J. 1, 42–49 (1996) 
(explaining Hill's criteria are not rules but considerations for arriving at best 
explanation of evidence), attached as Exhibit C; Sheldron Krimsky, The Weight of 
the Scientific Evidence in Policy and Law, 95 AM. J. PUBLIC HEALTH S129, S129 
(2005) (weight-of-the-evidence methodology mandates that “all scientific evidence 
that is relevant to the status of a causal hypothesis is taken into account.”), attached 
as Exhibit D.
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absent even when a true causal relationship exists.”53 Hill himself rejected “hard-

and-fast rules of evidence that must be obeyed before we accept cause and effect.”54

As the Restatement explains: “No algorithm exists for applying the Hill guidelines 

to determine whether an association truly reflects a causal relationship or is 

spurious.”55 Rather, the Bradford-Hill criteria reflects a “weight of the evidence” 

approach that involves exercising scientific judgment to arrive at the best 

explanation, taking into account “all of the relevant available evidence.”56

53 Ref. Man. at 600.  
54 Hill in fact concluded: 

What I do not believe – and this has been suggested – is that we can 
usefully lay down some hard-and-fast rules of evidence that must be 
obeyed before we accept cause and effect.  None of my nine viewpoints 
can bring indisputable evidence for or against the cause-and-effect 
hypothesis and none can be required as a sine qua non.  What they can 
do, with greater or less strength, is to help us to make up our minds on 
the fundamental question – is there any other way of explaining the set 
of facts before us, is there any other answer equally, or more likely than 
cause and effect? 

Hill, supra, at 299. 
55 Restatement Third § 28 cmt. c(3).   
56 Milward, 639 F.3d at 23.  
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C. Both Epidemiologic and Toxicologic Studies Have Value 

To determine the effect of an agent in humans, observational studies have 

some limitations that in vitro studies and toxicology models based on live animal 

studies can overcome.57

In vitro studies or studies in cell culture may be conducted and are an 

important part of the totality of the evidence and the determination of general 

causation.58 According to the Reference Manual, “the criteria of reliability for an in 

vitro test include the following: (1) whether the test has come through a published 

protocol in which many laboratories used the same in vitro method on a series of 

unknown compounds prepared by a reputable organization (such as the National 

Institutes of Health (NIH) or the International Agency for Research on Cancer 

(IARC)) to determine if the test consistently and accurately measures toxicity . . . 

and (3) whether the test is predictive of in vivo outcomes related to the same cell or 

target organ system.59

Animal studies may also be conducted as actual experiments with researchers 

exercising total control over study conditions, including agent exposure and subject 

57 Ref. Man. at 563-564. 
58 Id. at 623, 674. 
59 Id. at 649. 
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participation.60 Animal studies can avoid the issue of confounding and do not have 

the same ethical considerations required of studies in human populations.61 Animal 

studies also have limitations in that their results cannot always be extrapolated to 

human populations and the agent dosing used in animal studies does not always 

translate to human exposure.62 While not always a perfect solution, “animal studies 

often provide useful information about pathological mechanisms and play a 

complementary role to epidemiology by assisting researchers in framing hypotheses 

and in developing study designs for epidemiologic studies.”63

Generally speaking, if results from both epidemiologic and toxicologic studies  

have been produced, “no universal rules exist for how to interpret or reconcile 

them.”64 However, both can be considered—“careful assessment of the 

methodological validity and power of the epidemiologic evidence must be 

undertaken, and the quality of the toxicologic studies and the questions of 

interspecies extrapolation and dose–response relationship must be considered.”65

60 Id. at 563. 
61 Id.
62 Id.
63 Id.
64 Id. at 564. 
65 Id. at 564-565. 
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In this litigation, pathology evidence, animal studies, research on biologic 

mechanisms, in vitro tissue studies and epidemiologic research all demonstrate the 

carcinogenic effect of exposure to talcum powder when applied to the genital area. 

According to the Reference Manual, when this is the case, “an expert’s opinion about 

causation in a particular case is much more likely to be true.”66

D. Basic Principles of Epidemiology 

Basic principles of epidemiology are at issue in assessing general causation 

under Daubert. Daubert motions will use terms like “relative risk,” “statistical 

significance,” “confidence intervals,” “sample size,” “power,” “bias,” “chance,” 

“confounding,” and “association.” Understanding these concepts is critical to 

properly interpret the human epidemiologic studies, the causation evidence in this 

case and the Daubert motions.  These concepts and their implications are frequently 

misunderstood particularly in products liability litigation. To assist this Court, the 

PSC has set forth below a brief overview of basic principles of epidemiology. 

1) Epidemiology Relies Largely on Observational Studies 

Epidemiology examines the “incidence, distribution, and etiology of 

disease.”67 Researchers are ethically prevented from knowingly exposing people to 

an agent suspected to be harmful. Accordingly, based on well-over a decade of 

66 Id. at 674. 
67 Id. at 551. 
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medical literature, it is clear that talcum powder is viewed as a potential cause of 

ovarian cancer. Therefore, the epidemiologic studies pertaining to general causation 

in this case are necessarily “observational.68 Another relevant concept, particularly 

with clinical medicine, is that of “risk factor.” The National Cancer Institute defines 

a risk factor as “something that increases the chance of developing a disease.” A 

cause and effect relationship exists for a risk factor when a plausible mechanism can 

be identified.69 The perineal use of talcum powder is frequently reported in the 

medical literature as a risk factor for epithelial ovarian cancer.70

In an observational study, “the investigator identifies a group of subjects who 

have been exposed [to an agent] and compares their rate of disease… with that of an 

unexposed group.”71 The most common types of observational studies are cohort 

68 Id. at 555–56. 
69 Vitonis, Allison F., Linda Titus-Ernstoff, and Daniel W. Cramer. 2011. “Assessing 
Ovarian Cancer Risk When Considering Elective Oophorectomy at the Time of 
Hysterectomy.” Obstetrics and Gynecology 117 (5): 1042–50. 
https://doi.org/10.1097/AOG.0b013e318212fcb7, attached as Exhibit E.
70 Hunn, Jessica and Gustavo C. Rodriguez. 2012. “Ovarian Cancer: Etiology, Risk 
Factors, and Epidemiology.” Clinical Obstetrics and Gynecology 55 (1): 3–23, 
attached as Exhibit F; Mallen, AR, MK Townsend, and SS Tworoger. 2018. “Risk 
Factors for Ovarian Carcinoma.” Hematology/Oncology Clinics of North America, 
attached as Exhibit G; Park, Hyo K., Joellen M. Schildkraut, Anthony J. Alberg, 
Elisa V. Bandera, Jill S. Barnholtz-Sloan, Melissa Bondy, Sydnee Crankshaw, et al. 
2018. “Benign Gynecologic Conditions Are Associated with Ovarian Cancer Risk 
in African-American Women: A Case–Control Study.” Cancer Causes & Control, 
September., attached as Exhibit H.
71 Ref. Man. at 556. 
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studies and case-control studies.72 “The difference between cohort studies and case-

control studies is that cohort studies measure and compare the incidence of disease 

in the exposed and unexposed (“control”) groups, while case-control studies 

measure and compare the frequency of exposure in the group with the disease (the 

“cases”) and the group without the disease (the “controls”).”73

2) Study Results Are Evaluated for the Existence of an 
Observed Association 

“An association between exposure to an agent and disease exists when they 

occur together more frequently than one would expect by chance.”74 A causal 

relationship is one possible explanation for an observed association between an 

exposure and a disease.  However, a causal relationship is just one of several possible 

explanations for an observed association that must be considered in a search for the 

most likely explanation.  Expressing and interpreting the existence and magnitude 

of an association involves the concepts of “relative risk,” and “odds ratio.”75 Each 

of these measurements of association examines the degree to which the risk of 

disease increases when individuals are exposed to an agent.”76

72 Id.
73 Id. at 557.
74 Id. at 662. 
75 Id. at 566. 
76 Id. 

Case 3:16-md-02738-FLW-LHG   Document 9732   Filed 05/07/19   Page 29 of 47 PageID: 33765



23 

3) Study Results are Evaluated for Strength of Association 

The strength of the association between an agent and a disease can be 

expressed using the relative risk (“RR”) approach.77 “It is defined as the ratio of the 

incidence rate […] of disease in exposed individuals to the incidence rate in 

unexposed individuals.” 78 For example, when the relative risk is expressed as 3.0, 

the exposed group is at three times the risk of disease as the unexposed group.79 The 

“odds ratio” (OR) also quantifies the magnitude of an association.80 It is similar to 

the relative risk and is used to approximate the relative risk in a case control study 

when the disease under investigation is rare.81 The higher the relative risk, the greater 

the likelihood that the relationship is causal.   

As long as the relative risk exceeds 1.0, there is no minimal threshold for a 

causal relationship. “While strength of association is a guideline for drawing an 

inference of causation from an association…, there is no specified threshold 

required.”82 “If the relative risk is greater than 1.0, the risk in exposed individuals is 

greater than the risk in unexposed individuals. There is a positive association 

77 Id. at 566.  
78 Id.
79 Id. at 567. 
80 Id. at 568. 
81 Id.
82 Id. at 611, n.186. 
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between exposure and disease which could be causal.”83 There are a number of well-

established causal relationships, where the magnitude of the risk is between 1.0 and 

2.0. The magnitude of risk for passive smoking and lung cancer and between 

smoking and heart disease are well-known examples.84

4) Study Results Are Evaluated for the Role of Chance, Bias 
and Confounding 

 A false or spurious association can result from three general sources: chance 

(or random error), bias, and confounding.85 Before a causal inference may be drawn 

about an association, the likely existence and impact of these sources must be 

considered.86

  Bias can lead to an invalid outcome in epidemiologic studies, and “may arise 

in the design or conduct of a study, data collection, or data analysis.”87 Bias can 

amplify, minimize, or hide an association.88

83 Id. at 567. 
84 For example, the relative risk for familiar, established carcinogens are:  hormone 
replacement therapy has a relative risk 1.3 for breast cancer; second-hand tobacco 
smoke has a relative risk of 1.3 for lung cancer; intermittent sun exposure has a 
relative risk of 1.6 for melanoma; and benzene has a relative risk of 1.5 for leukemia. 
85 Id. at 572. 
86 Id.
87 Id. 
88 Id.
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Confounding “occurs when another causal factor (the confounder) confuses 

the relationship between the agent of interest and outcome of interest.” 89  For a factor 

to be a confounder for talc and ovarian cancer, it would have to be associated with 

both the use of talcum powder and the risk for ovarian cancer.90 “When they can be 

identified, confounders should be taken into account.”91

When an association is observed in a study’s results, epidemiologists employ 

statistical techniques to estimate the likelihood that the association is due to chance.92

Statistical tests, including the calculation of p-values and confidence intervals, are 

used to evaluate the likelihood that an observed association resulted from chance or 

random error. “Sometimes the study findings, merely by chance, do not reflect the 

true relationships between agent and outcome.” Any study can be “subject to the 

play of chance.”93

There also is a relationship between sample size and the role of chance. A 

study needs to have a large enough sample size (the number of study participants or 

power); “by enlarging the sample size … researchers can … reduce the chance of 

89 Id. at 591. 
90 Id. 
91 Id. at 593. 
92 Id. at 575. 
93 Id.
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random error in their results.”94 Statistical tests, including the calculation of p-values 

and confidence intervals, are used to evaluate the likelihood that an observed 

association resulted from random error.  

P-values are used to determine the likelihood that the observed association 

occurred due to chance.95 It “represents the probability that an observed positive 

association could result from random error even if no association were in fact 

present. Thus, a p-value of .1 means that there is a 10% chance that values at least 

as large as the observed relative risk could have occurred by random error, with no 

association actually present in the population.”96

For a study’s results to be deemed “statistically significant,” epidemiologists 

have historically used a standard that the p-value must fall below a selected 

significance level (or alpha).97

The typical significance level used is .05, where “the probability is 5% of 

observing an association at least as large as that found in the study when in truth 

there is no association.”98

94 Id. at 576. 
95 Id.  
96 Id.
97 Id. at 575. 
98 Id. at 577. 
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Finding of an increased risk should not be ignored simply because it did not 

reach statistical significance, especially when the risk is repeated in different studies. 

Results that are not statistically significant may be compatible with substantial 

effects.99 As noted by one district court citing the epidemiology textbook by Dr. 

Kenneth Rothman, a “p value cannot provide evidence of lack of an effect.”100

“Observational studies can produce legitimate disagreement among experts, and 

there is no mechanical procedure for resolving such differences of opinion. In the 

end, deciding whether associations are causal typically is not a matter of statistics 

alone, but also rests on scientific judgment,”101 and requires consideration of all lines 

of evidence. 

a. Statistical Significance is Frequently Misunderstood 

In a causal analysis, a study should be included in the consideration even if its 

results were not statistically significant. “The notion that only when data 

demonstrates ‘statistical significance’ do epidemiologists draw inferences about 

observed associations between suspected risk factors and medical conditions is 

99 Id. at 579. 
100 In re Phenylpropanolamine (PPA) Prod. Liab. Litig, 289 F.Supp.2d at 1243 
(citing Rothman, Epidemiology, An Introduction at 117). 
101 See also, Rothman, K, Six Persistent Research Misconceptions, J Gen Intern, Med 
29(7); 1060-4 (2014) (“Significance testing has led to far more misunderstanding 
and misinterpretation than clarity in interpreting study results.”), attached as Exhibit 
I. 
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mistaken.”102 “The term ‘statistical significance’ could be expunged from the lexicon 

of the epidemiologist with no loss; accordingly it should not be allowed to assume 

an importance or role in law beyond its use as an epidemiologist tool.”103 As Hill 

himself pointed out in 1965 when discussing this very issue: “No formal tests of 

significance can answer [cause and effect] questions.”104

As was recently pointed out in an editorial signed by over 800 academics 

which accompanies 43 articles in the Journal American Statistician:

Let’s be clear about what must stop.  [W]e should never conclude there 
is ‘no difference’ or ‘no association’ just because a P value is larger 
than a threshold such as 0.05 or, equivalently, because a confidence 
interval includes zero. Neither should we conclude that two studies 
conflict because one had a statistically significant result and the other 
did not.”105

b. Confidence Intervals Provide the Probable Range of 
Risk Estimates 

When interpreting a study’s results, epidemiologists consider the confidence 

interval. This can be important in assessing whether the results of several studies are 

consistent, i.e., when the confidence intervals overlap at say, 20%, they are 

consistent with a 20% increased risk even if one result is statistically significant and 

102 Rothman Amici Brief at 3.  
103 Id. at 4.  
104 Hill, supra at 299. 
105 Amrhein, et al., Scientists Rise Up Against Statistical Significance, NATURE 567, 
305-307 (March 2019), attached as Exhibit J.
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another is not.106 As noted in the PSC’s other briefing, this concept is relevant to 

assessing the consistency of several talcum powder human epidemiologic studies.  

A confidence interval is a range of values consistent with a study’s results. “If a 95% 

confidence interval is specified, the range encompasses the results we would expect 

95% of the time if samples for new studies were repeatedly drawn from the same 

population.”107

c. A Study’s Power Reflects the Likelihood of an 
Association Being Statistically Significant 

Statistical significance and power are inter-related concepts. “[A] large 

enough sample of individuals must be studied if the study is to identify a relationship 

between exposure to an agent and disease that truly exists.”108 “The power of a study 

is the probability of finding a statistically significant association of a given 

magnitude (if it exists) in light of the sample sizes used in the study.”109 The power 

of a study depends on several factors: the sample size; the level of alpha (or statistical 

106 Id. at p. 306 (Using non-significant 1.2 or 20% example: “It would be ludicrous 
to conclude that the statistically non-significant result showed “no association” when 
the interval estimate included serious risk increases.”). 
107 Ref. Man. at 580. 
108 Id. at 576. 
109 Id. at 582. 
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significance) specified; the background incidence of disease; and the specified 

relative risk that the researcher would like to detect.”110

d. Confounding as a Source of Error in Epidemiologic 
Studies 

The issue of confounding may be raised by the Defendants in its Daubert 

motions. “Confounding occurs when another causal factor (the confounder) confuses 

the relationship between the agent of interest and outcome of interest.”111A 

confounder must meet this definition: “a confounder is both a risk factor for the 

disease and a factor associated with the exposure of interest.”112 Having yellow-

tinged finger tips is associated with smoking and lung cancer. Even though having 

yellow-tinged finger tips is associated with lung cancer, it obviously is not a cause 

of lung cancer.  It fits the classic definition of a confounder because it is associated 

with the exposure (smoking) and the outcome (lung cancer). 

There are accepted techniques for adjusting to account for confounders. The 

existence of the confounders in a study are not the fault of the investigators as they 

“reflect the inherently ‘uncontrolled’ nature of exposure designations in 

observational studies.”113 “It is…necessary to keep [the] risk [of confounding] in 

110 Id.
111 Id. at 591.  
112 Id.
113 Id. at 593.  
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perspective. Often the mere possibility of uncontrolled confounding is used to call 

into question the results of a study. […] The critical question is whether it is plausible 

that the findings of a given study could indeed be due to unrecognized 

confounders.”114

Some bias, like recall bias, are more common with one kind of study design 

(case-control); and other biases, like “misclassification bias” are more common with 

others (cohort).  Therefore, it is important that each observational study be evaluated 

individually and not on the basis of any so-called “hierarchies” or “pyramids” that 

presume one study design generally has more value than another generally.115

E. The Law Related to Epidemiology and General Causation 

Although there is more than substantial evidence based on epidemiologic 

studies in this case, the Court should not require that expert opinions be supported 

by epidemiologic studies, because they are not “per se required as a condition of 

admissibility . . . .”116 Here, multiple robust statistically significant study results 

114 Id.
115 Rothman at 1060-1061 (“The type of study should not be taken as a guide to the 
study’s validity.”).
116 In re Tylenol (Acetaminophen) Mktg., Sales Practices, & Prod. Liab. Litig., 198 
F. Supp. 3d at 454 (while epidemiological studies can be valuable evidence of 
causation, they are not a pre-requisite for products liability causation expert 
testimony in this Circuit); Wolfe v. McNeil-PPC, Inc., No. CIV.A. 07-348, 2011 WL 
1673805, at *15 (E.D. Pa. May 4, 2011); Lanzilotti by Lanzilotti v. Merrell Dow 
Pharm. Inc., No. CIV.A. 82-0183, 1986 WL 7832, at *2 (E.D. Pa. July 10, 1986) 
(“We note also that it has not been declared in this circuit that epidemiological 
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support causation. Indeed, the observational studies over the past 40 years yield the 

following which are not in dispute: 

• There are 37 observational studies of talcum powder and ovarian 
cancer: 31 case-control studies (7 hospital based and 24 
population based), 2 pooled case-control studies, and 3 cohort 
studies;117

• The overwhelming majority (n=34) of these studies, irrespective 
of study design, found a positive association (i.e., a hazard ratio 
> 1), with most showing an association in the range of 1.1-1.7 
representing a 10-70% increased risk of ovarian cancer with 
talcum powder use;118

• In a majority of the published studies (n=19), the positive 
association reported was statistically significant to a p=.05;119

• Even in the published studies that were not statistically 
significant, the vast majority had confidence intervals which 
overlapped 1.2-1.25, consistent with a 20-25 % increased risk of 

studies are an indispensable element in the presentation of a prima facie drug product 
liability case, or that such studies must be the sole basis for expert opinion.”); Mazur 
v. Merck & Co., 742 F. Supp. 239, 264 (E.D. Pa. 1990) (same); see also Soldo v. 
Sandoz Pharm. Corp., 244 F. Supp. 2d 434, 449 (W.D. Pa. 2003) (discussing the 
value of epidemiological studies); see also In re Neurontin Marketing, Sales 
Practices, and Products Liability Litigation, 612 F. Supp. 2d at 132 (“Epidemiologic 
studies, while considered to be ‘powerful evidence of causation,’ are not required to 
prove causation in a pharmaceutical personal injury case.”). 
117 See the Plaintiffs’ Steering Committee’s Memorandum of Law in Support of its 
Motion to Exclude the Opinions of Defendants’ Epidemiology Experts Karla V. 
Ballman, PhD, Christian Merlo, M.D., PhD, Gregory Diette, M.D., MHS, & 
Jonathan Borak, M.D., DABT. 
118 Id.
119 Id.
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ovarian cancer seen in the studies which did find a statistically 
significant association; 120 and,   

• In addition, there are numerous published and unpublished meta-
analyses of the observational studies. All show a consistent and 
statistically significant 25-35% increased risk of ovarian 
cancer.121

However, as noted above statistical significance is not required, and a district 

court should not “read too much” into the issue of the lack of statistical significance” 

of an individual study.122 Instead, the focus under Daubert should be on whether an 

inference of causation can be predicated on the “totality” of the evidence.123

The ultimate goal in epidemiology is to judge whether an association between 

an exposure and disease is, in fact, causal.124 Although association does not equal 

120 Id.
121 Id.
122 Milward, 639 F.3d at 24 (holding that “[t]he court erred in treating the lack of 
statistical significance as a crucial flaw”); In re Zoloft., 858 F.3d at 793 (declining 
to state a bright-line rule on whether statistical significance is necessary noting that 
“a standard based on replication of statistically significant findings obscures the 
essential issue: a causal connection.”). 
123 “The notion that only when data demonstrates ‘statistical significance’ do 
epidemiologists draw inferences about observed associations between suspected risk 
factors and medical conditions is mistaken.” Brief for Kenneth Rothman et al., supra 
note 2, at 3. “Indeed, the term ‘statistical significance’ could be expunged from the 
lexicon of the epidemiologist with no loss; accordingly, it should not be allowed to 
assume an importance or role in law beyond its use as an epidemiologist tool.” Id. at 
4. 
124 Bert Black & David E. Lilienfeld, Epidemiologic Proof in Toxic Tort Litigation, 
52 FORDHAM L. REV. 732, 750 (1984), attached as Exhibit K.
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causation, “association often does reflect causation.”125 “Deciding whether 

associations are causal . . . rests on scientific judgment.”126

F. The Role of Biologic and Toxicological Evidence in Causal 
Determinations

To assess whether an observed association is causal, science considers 

whether the association is “biologically plausible.”127 In assessing the biologic 

evidence however, it is clear that science need not know precisely how an agent 

causes a disease128 and the absence of biologic evidence does not prevent science 

from establishing causation.  Indeed, Hill himself noted that while biologic evidence 

is “helpful,” it is a “feature…we cannot demand [because] what is biologically 

plausible depends on the biologic knowledge of the day.”129

Thus, the question is not whether the mechanism of effect is “biologically 

proven," but whether what is known about association makes it "biologically 

125 Ref. Man. at 221, 264. 
126 Id. at 222.  
127 Hill, supra.  
128 In re Phenylpropanolamine (PPA) Prod. Liab. Litig, 289 F. Supp. 2d at 1243 
("Not knowing the mechanism whereby a particular agent causes a particular effect 
is not always fatal to a plaintiff's claim. Causation can be proved even when we don't 
know precisely how the damage occurred, if there is sufficiently compelling proof 
that the agent must have caused the damage somehow." Daubert II, 43 F.3d at 1314. 
See also Daubert, 509 U.S. at 590 ("Of course, it would be unreasonable to conclude 
that the subject of scientific testimony must be ̀ known' to a certainty; arguably, there 
are no certainties in science.") (Emphasis added). 

129 Hill, supra. at 298. 
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plausible" that there is cause-and-effect.  Stated another way, epidemiologists are 

taught that science should consider whether what is known about the biology of the 

relationship (if anything)— “makes sense”: 

Biological Plausibility: The basic question here is, does 
the association make biological sense?  Is the association 
credible based on our understanding of the natural history 
of the disease or possible pathogenic mechanisms?130

In this case, there has been evidence, most of which has been collected from 

and reported in the peer-reviewed literature that bears on the question of whether it 

“makes sense” biologically that the statistical relationship between talcum powder 

and ovarian cancer reported in the observational studies is likely causal.  Though 

that evidence has been described elsewhere, it is summarized below: 

• Talcum powder products contain historically known and 
suspected carcinogens, including asbestos and asbestiform or 
fibrous talc, heavy metals and certain fragrance 
chemicals.  This evidence is collected from the peer-review 
literature, internal but contemporaneous testing by both J&J and 
the mining company (Imerys), the testing of historical talcum 
powder samples, and J&J’s disclosure of aspects of fragrance 
formulations.  Evidence that J&J’s talcum powder products 
contain known or suspected carcinogens has been cited in the 
epidemiologic and other literature as being biologically plausible 
evidence supporting a causal inference between talcum powder 
products and ovarian cancer; 

• Talcum powder products incite an inflammatory response and 
induce reactive oxidative stress, both known to be involved in 
the process of carcinogenesis.  This biological evidence has been 

130 Oleckno, W.A., Epidemiology: Concepts and Methods (2008), attached as 
Exhibit L.
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cited in the epidemiologic and other literature as being 
biologically plausible evidence supporting the causal inference 
between talcum powder products and ovarian cancer; 

• Talcum powder products and similar particles have been reported 
to “migrate” up the female genital tract and have been found 
pathologically in ovarian tissue.  This biological evidence has 
been cited in the epidemiologic and other literature as being 
biologically plausible evidence supporting the causal inference 
between talcum powder products and ovarian cancer. 

G. Scientific Certainty is Not the Burden of the Proponent of Expert 
Testimony

Science does not demand certainty. Likewise, under Third Circuit Daubert

standards, the Trial Court should not impose “a standard of scientific certainty . . .  

beyond that which Daubert envisions.”131 Plaintiffs also are not required to present 

evidence that is conclusive or unequivocal. “[I]n epidemiology hardly any study is 

ever conclusive, and we do not suggest that an expert must back his or her opinion 

with published studies that unequivocally support his or her conclusions.”132 Science 

and medicine often do not lead to certainty and the law does not require certainty.133

131 Ruiz-Troche, 161 F.3d at 86. 
132 Knight v. Kirby Inland Marine Inc., 482 F.3d 347, 354 (5th Cir. 2007). 
133 Milward, 639 F.3d at 22 (quoting Primiano v. Cook, 598 F.3d 558, 565 (9th Cir. 
2010)). 
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IV. CONCLUSION 

As set forth above, virtually all observational studies over four (4) decades 

with multiple different researchers, assessing different populations, and evaluating 

different study designs demonstrated an increased risk of ovarian cancer with talcum 

powder use of 25-35%. Most of these associations were statistically significant. This 

association and increased risk of ovarian cancer was confirmed by the numerous 

published meta-analyses which showed the same statistically significant risk.   

Moreover, there is reliable evidence from the properly conducted and 

evaluated studies of a dose response. In addition to the observational studies, there 

are biologically plausible reasons from which the consistent association could be and 

was determined to be causal.  This includes the fact that Johnson & Johnson’s talcum 

powder products have contained known or suspected carcinogens such as asbestos, 

a fact that is supported by J&J’s own testing, the scientific literature, and testing 

conducted on historical talcum powder samples produced in this litigation.  

Furthermore, J&J’s talcum powder products can migrate and reach the ovaries 

with perineal application, and they have been shown to cause inflammation and 

oxidative stress (both involved in cancer pathogenesis). Importantly, scientists 

(outside of litigation) applying Bradford Hill have reached the same conclusions 

using the same methodology employed by the PSC’s experts. For example, it was 
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recently concluded that the observational epidemiology and the biologic evidence 

“are indicative of a causal effect.”134

Based on the law set forth above and the arguments set forth in the PSC’s 

Daubert motions and in response to Defendants’ Daubert motions, the Court should 

grant the PSC’s Daubert motions, deny Defendants’ motions and advance this 

litigation to its next phase, case-specific pre-trial discovery to prepare for trials.  

Respectfully submitted, 

/s/ Michelle A. Parfitt
Michelle A. Parfitt 
ASHCRAFT & GEREL, LLP 
1825 K Street, NW, Suite 700 
Washington, DC 20006 
Tel: 202-783-6400 
Fax: 202-416-6392 
mparfitt@ashcraftlaw.com

/s/ P. Leigh O’Dell 
P. Leigh O’Dell 
BEASLEY, ALLEN, CROW, METHVIN,  
PORTIS & MILES, P.C. 
218 Commerce Street 
Montgomery, AL 36104 
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134 See, Health Canada, Draft Screening Assessment – Talc, at p. 21 (December, 
2018); see also id. at p. 15-21 (general causation analysis entitled: “Perineal 
exposure to talc”), attached as Exhibit M.
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LLP.  I was appointed as Co-Lead Counsel to represent all Plaintiffs in the above-

captioned matter.   
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the Plaintiffs’ Steering Committee’s Omnibus Brief Regarding Daubert Legal 

Standard and Scientific Principles for Assessing General Causation. 

3. Attached hereto as Exhibit A is a true and correct copy of Hill, The 

Environment and Disease: Association or Causation?, 58 Proc. Royal Soc’y Med. 

295 (1965). 
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Lilienfeld, et al., FOUNDATIONS OF EPIDEMIOLOGY 263-266 (3d ed. 1994).  
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al., Judicial Boundary Drawing and the Need for Context-Sensitive Science in Toxic 

Torts After Daubert v. Merrell Dow Pharmaceuticals, Inc., 16 Va. Envtl. L.J. 1, 42–

49 (1996).  

6. Attached hereto as Exhibit D is a true and correct copy of Krimsky, The 

Weight of the Scientific Evidence in Policy and Law, 95 Am. J. Public Health S129, 

S129 (2005).  

7. Attached hereto as Exhibit E is a true and correct copy of Vitonis, et al.  

Assessing Ovarian Cancer Risk When Considering Elective Oophorectomy at the 

Time of Hysterectomy, Obstetrics and Gynecology, 2011;117(5):1042–50.  
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Ovarian Cancer: Etiology, Risk Factors, and Epidemiology, Clinical Obstetrics and 

Gynecology, 2012;55(1):3–23. 
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Risk Factors for Ovarian Carcinoma, Hematology/Oncology Clinics of North 

America, 2018. 
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Benign Gynecologic Conditions Are Associated with Ovarian Cancer Risk in 

African-American Women: A Case–Control Study, Cancer Causes & Control, Sept. 

2018. 
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11. Attached hereto as Exhibit I is a true and correct copy of Rothman, Six 

Persistent Research Misconceptions, J Gen Intern, Med, 2014;29(7):1060-4.

12. Attached hereto as Exhibit J is a true and correct copy of Amrhein, et 

al., Scientists Rise Up Against Statistical Significance, Nature 567, 305-307 (March, 

2019).  

13. Attached hereto as Exhibit K is a true and correct copy of Black, et al., 

Epidemiologic Proof in Toxic Tort Litigation, 52 Fordham L. Rev. 732, 750 (1984).  

14. Attached hereto as Exhibit L is a true and correct copy of excerpts from 

Oleckno, EPIDEMIOLOGY: CONCEPTS AND METHODS (2008). 

15. Attached hereto as Exhibit M is a true and correct copy of Draft 

Screening Assessment, Talc, Environment and Climate Change Canada, Health 

Canada, December 2018.  

16. I certify that the foregoing statements made by me are true. I am aware 

that if any of the foregoing statements made by me are willfully false, I may be 

subject to punishment.  

Dated: May 7, 2019 /s/ Michelle A. Parfitt 
Michelle A. Parfitt 
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the environment.”7 In his widely cited book

Ecological Risk Assessment, Suter notes the

significance of WOE in evaluating different

classes of evidence generated by alternative

ecological models. He wrote, “the separate

lines of evidence must be evaluated, orga-

nized in some coherent fashion, and ex-

plained to the risk manager so that a weight

of evidence evaluation can be made.”8

A number of benefits have been attributed

to a WOE framework in regulatory decisions.

Walker9 cites three objectives of a WOE

analysis: (1) it provides a “clear and transpar-

ent framework” for evaluating the evidence

in a risk determination; (2) it offers regulatory

agencies a consistent and standardized ap-

proach to evaluating toxic substances; and

(3) it helps to identify the discretionary as-

sumptions in risk determinations from ex-

perts. However, in selecting a WOE approach

a certain number of nontestable a priori as-

sumptions must be adopted, which may

narrow the scope of scientific opinion and

consensus on how different modalities of evi-

dence should be aggregated, thereby failing

to meet Walker’s objective.

I begin with the observation that there is

virtually no discussion in the scientific litera-

ture of the epistemic meaning of WOE. We

cannot tell whether it is used as a methodol-

ogy, a heuristic, a ranking system, or simply

a subjective process of setting a causal thresh-

old for cumulative indirect evidence. In the

spirit of these questions, this article will do

the following: (1) discuss the problem of ag-

gregating different forms of evidence; (2) re-

view uses of WOE in health science publica-

tions; (3) examine some applications of WOE

by federal agencies; and (4) discuss how

WOE enters judicial proceedings, particularly

in the context of the admissibility of expert

witnesses.

In this discussion, I shall argue that the

concept of WOE, as it is currently applied in

the health sciences, largely involves a qualita-

tive approach to rating and assessing the

aggregation of different forms of scientific evi-

dence in relationship to a causal hypothesis.

Currently, qualitative or quantitative frame-

works that guide the use of a WOE method

are more or less a priori heuristics that adopt

certain norms about the status and relevance

of alternative types of information, but their

application largely depends on the tacit ex-

pertise of scientific evaluators. Moreover, no

canonical frameworks for weighing scientific

evidence have emerged. When experts use

the term WOE in publications or in the court-

room, they are almost always referring to the

outcome of a process in which scientists,

working as individuals or in groups, examine

a body of relevant scientific studies on the re-

lationship between a compound and a disease

outcome. These scientists, operating within an

accepted framework, apply their tacit knowl-

edge of a field to reach a “yea,” “nay,” or

“probabilistic conclusion” about the relation-

ship between the compound and a disease

outcome. Most applications of WOE in sup-

port of public policy that are cited in the liter-

ature seem to (by inference or lack of specifi-

cation) use a process methodology that is low

on transparency and high on subjectivity.

MODALITIES OF EVIDENTIARY

SUPPORT

If the modality of evidence considered for

evaluating the human health effects of a

chemical compound was of one type, let us

say epidemiological studies, then the WOE

might refer to how many studies support the

hypothesis about health risks, what the indi-

vidual power of a study is, or what the com-

bined power of all the studies are in a meta-

analysis. But each modality of evidentiary

support is limited. For example, some scien-

tists argue that epidemiological studies cannot

demonstrate causation or mechanism, but

only association.10 Controlled animal studies

do not yield direct information about people.

Comparison of chemical structure between

suspected and known toxins (known as struc-

ture activity analysis) does not provide infor-

mation on how the chemicals function in a

live organism. The term WOE has come to

mean not only a determination of the statisti-

cal and explanatory power of any individual

study (or the combined power of all the stud-

ies) but the extent to which different types

of studies converge on the hypothesis. The

WOE approach has become likened to “trian-

gulation,” namely, approaching the target

question from many directions. Where no

single epistemic modality (by which I mean a

specific method or technique for acquiring in-

formation) can yield the definitive answer to

an environmental health question, we refer to

multiple epistemic modalities. The problem is:

how does the evidence from these modalities

add up? Does the accumulated data from sev-

eral epistemic modalities mitigate against the

insufficiency or shortcomings of evidence

from a single epistemic modality?

A similar problem is presented in decision

analysis. Multiattribute Utility Theory applies

to cases where there are different dimensions

of value associated with outcomes that, on the

face of it, are not reducible to a common met-

ric.11 Thus, a decision to build a dam will

have both positive and negative impacts of a

social and ecological variety. These attributes

are incommensurable, such as the additional

hydropower gained by the dam and the loss

of fish spawning in the river. In Multiattribute

Utility Theory, a decision analyst develops a

ranking and a utility function for the attrib-

utes and then undertakes an empirical investi-

gation to determine the actual value of those

attributes (how many fish will be lost and

how much energy will be produced). Thus,

the final outcome of applying Multiattribute

Utility Theory is the aggregation of incom-

mensurable variables through the adoption

of a numerical schema.

For evaluating the human health effects of

a chemical agent, there are different modali-

ties of evidence, including human epidemiol-

ogy, wildlife studies, experimental laboratory

animal studies with rodents, primate studies,

in vitro cell studies, and chemical structure

activity analysis. Each type of study may pro-

vide some evidence, but each has its limita-

tions. Human epidemiology may be valued

highly for its relevance but less so for its sci-

entific power, especially if the findings are

unrelated to a postulated or known biological

mechanism. Experimental animal studies may

be dependable for the mechanistic knowledge

they offer but questionable for their rele-

vance to human cases.

If a chemical were known to be one of the

causal agents responsible for a human disease,

then we would expect a series of evidentiary

pathways to converge on that conclusion. The

chemical might manifest genotoxic or gross

chromosomal effects in human cells studied

in vitro. Or the chemical might be associated

with wildlife abnormalities. But not all of the

Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 3 of 200 PageID:
 33858



Supplement 1, 2005, Vol 95, No. S1 | American Journal of Public Health Krimsky | Peer Reviewed | Public Health Matters | S131

PUBLIC HEALTH MATTERS

evidence may be consistent with the result. It

is possible that the chemical may be harmless

to certain species and yet cause disease in

others. Nevertheless, we gain confidence

when one epistemic modality (rodent studies)

is consistent with the results of other epis-

temic modalities (epidemiological studies) that

make up the architectonic of evidence.

When we do not know whether a chemical

causes a human disease but have the type of

circumstantial evidence we would expect to

acquire if the substance were known to cause

the disease, then, building on a coherence

theory of truth, the weight of the circumstan-

tial or related evidence elevates our confi-

dence in the hypothesis connecting the sub-

stance to the disease.

But how can we aggregate the evidence

from a variety of modalities in a WOE ap-

proach, when no single study is definitive,

and we cannot justifiably reach a conclusion

from the limited evidence that a specific com-

pound is likely the cause of human illness?

Aggregating evidence across different epis-

temic modalities is like adding incommensu-

rables. It can only be done if a priori con-

structs provide a basis for developing a

common metric. More evidence, albeit incon-

clusive, may mean you are closer to demon-

strating causality, but you cannot know by

how much. And sometimes, different modali-

ties of evidence do not converge on a single

hypothesis and may even be inconsistent.

USES OF THE TERM WOE 

IN HEALTH SCIENCES

Usually WOE methods are applied when

no single study and no individual modality of

evidence (e.g., animal studies, human studies,

in vitro, etc.) is conclusive in demonstrating a

cause-effect relationship. Other times it may

be used even when there is a solid epidemio-

logical study showing a large increased risk

from the exposure to some substance in order

to build a stronger argument for regulation.

Alternatively, WOE has been introduced to

assess the “strengths and weaknesses of vari-

ous measurements, and of the nature of un-

certainty associated with each of them.”12

However, while the term is applied quite lib-

erally in the regulatory literature, the method-

ology behind it is rarely explicated. We might

be told that the decision to regulate was de-

cided on the WOE rather than a crucial study

demonstrating causality. Without an explica-

tion of how evidence is “weighed” or

“weighted,” the claim WOE seems to be com-

ing out of a “black box” of scientific judg-

ment.13 One article that uses the term WOE

in its title does not refer to the term else-

where in the text.14 Other articles assign scal-

ing factors or qualitative terms to the eviden-

tiary attributes.

A report issued by the US Agency for Toxic

Substances and Disease Registry (ATSDR) of

the Department of Health and Human Ser-

vices stated that a necessary and reasonable

alternative to causal determinations when es-

tablishing policy “may be a critical assessment

of the overall “weight of evidence” of avail-

able science to serve as a surrogate of ‘causal-

ity.’” The implication is that when causality is

out of reach, we must use a surrogate called

WOE. The ATSDR states: “ ‘The weight-of-

evidence’ approach is an assessment method

that includes reviewing site-specific doses, epi-

demiologic studies, and chemical-specific toxi-

city data to evaluate exposures and potential

health effects in a community.”15

In law, when direct material evidence of a

crime or direct eyewitness testimony is not

available, the term “circumstantial evidence”

is used. This type of evidence comes in “bun-

dles” and eventually must be “weighed” by

the jury in its role of determining guilt or

innocence. Each piece of the “bundle” of cir-

cumstantial evidence is insufficient to make a

case. It is the entire “bundle” that convinces the

jury. The concept of “circumstantial evidence”

has a counterpart in environmental health.

The ATSDR uses the metaphor of the mi-

croscope as the rationale for applying the

WOE approach to examining the human ef-

fects of polychlorinated biphenyls, by aggre-

gating the results of disparate studies.

“Each of the studies, whether an epidemio-

logic study, a laboratory study, or the findings

of wildlife biologists, could be compared to

the lens of a microscope. Like the lens of a

microscope, they can vary in terms of their

resolving power and quality. They are also

focused on different populations at different

points in time . . . . Despite the limits and

weaknesses of individual pieces of research,

the collective weight of evidence indicates

that certain polychlorinated biphenyl/dioxin-

like compounds found in fish in the Great

Lakes-St. Lawrence basin and elsewhere can

cause neurobehavioral deficits.”16

The concept of WOE is used widely but

rarely explicated in the scientific and policy

literature. Menzie et al.17 state that, “although

the term ‘weight-of-evidence’ is used fre-

quently in ecological risk assessment, there

is no consensus on its definition or how it

should be applied.” Often when WOE is

cited, it is assumed that readers know what it

means. Sometimes it is used to signify that ev-

idence must reach a certain critical threshold

before it can support regulation. Other times

it refers to a process that examines both posi-

tive and negative studies and determines by

the number and strength of the studies

whether a causal relationship can be inferred.

As regulatory bodies and scientific review

panels depend increasingly on WOE meth-

ods, questions surrounding their use will in-

evitably enter litigation either in torts or

contested regulations, where the elusive

methodology behind WOE is ripe for

Daubert challenges. Therefore, it is important

to understand how WOE is being interpreted

and what, if any, criteria are implicit or ex-

plicit in its application.

After an extensive review of the appear-

ance of WOE in public health studies and

regulatory documents, I have uncovered what

I believe are four general uses of the term.

Intensive Literature Review

This interpretation of WOE takes the form

of an intensive literature review, including

some qualitative discussion of the studies,

without assigning any weights to the studies.

In the words of one medical group, “the more

inclusive method of literature review involves

assessing the ‘weight of evidence’ . . . the im-

portance of the findings from each piece of

research should be judged: this is termed ‘Sig-

nal.’ This is then balanced by the strength of

the evidence or design weaknesses (termed

‘Noise’).”18 Those who use the term WOE in

this context assume that the reviewers have

applied their expertise in interpreting both

the quantity (number of positive studies) and

the quality (statistical power) of the evidence

without any explicit reference to a methodol-

ogy. Readers may justifiably assume that the
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reviewers are basing their interpretation of

the aggregate value of the selected studies

on their years of experience and tacit knowl-

edge, rather than a fully developed analyti-

cal framework.19

Seat-of-the Pants Qualitative Assessment

According to this view, WOE is a vague

term that scientists use when they apply im-

plicit, qualitative, and/or subjective criteria to

evaluate a body of evidence. Experts cite the

general grounds for their opinion, but no spe-

cific parameters or methodologies are given

for how the evidence is weighed. Thus, one

might see general statements such as: A deci-

sion was made based on WOE standards,

such as number of studies, strength of associ-

ation, breadth and consistency of evidence,

correlational power, and biological plausibil-

ity. A number of papers use the term WOE

in the title without explaining a methodology

or process that is used to do the weighting.

Sometimes the application of WOE in-

volves a taxonomic presentation of studies.

An example can be found in a 2001 study

of “disinfection by-products.”20 These are the

potential human hazards of chlorination. The

authors created a table of evidence, which

listed the summary data of studies for each

adverse reproductive effect focusing on sam-

ple size, exposure assessment, relative risk,

and odds ratios. They describe as the goal of

the paper “to view the totality of the evidence

in order to judge the overall weight of evi-

dence concerning ‘disinfection by-products’

and reproductive and developmental ef-

fects.”21 After commenting on the categories

listed in their taxonomy (odds ratios, uncer-

tainties, and statistical significance), the au-

thors conclude that the weight of evidence

shows that low birth weight is not associated

with “disinfection by-products” exposure. But

the outcome they reach is not logically or rig-

orously derived by a methodology. The justifi-

cation for the use of WOE could be en-

hanced if criteria for weighing the evidence

were established at the outset.

Aggregating Diverse Evidentiary

Modalities

In this particular use of WOE, an effort is

made to aggregate the evidence through

some combination of qualitative and/or

quantitative techniques. For example, ATSDR

incorporates an assessment method that in-

cludes reviewing site-specific doses, epidemio-

logical studies, and toxicity data. A dose level

injurious to humans is found from different

types of research protocols.

The World Health Organization’s Global

Assessment of Endocrine Disrupting Chemi-

cals uses “overall strength of evidence” as a

qualitative evaluation of the outcome of

concern and an exposure to a substance—

assessing the strength of association as weak,

moderate, or strong based on the qualitative

values of each of five evaluation factors.22

Calabrese et al.23 have proposed a quanti-

tative ranking scheme to evaluate the en-

docrine effects of chemicals on human health.

In their scheme endocrine disruption is con-

sidered a multistage process, where they as-

sume the probability of achieving the end re-

sult, namely a clinical endocrine pathology,

rises as one progresses through the process.

The authors identify five levels of evidence

that correspond with the stages of the multi-

stage process, level 1 being the weakest and

level 5 the strongest. Then they introduce a

point system based on a geometric progres-

sion (a + ar + ar2 + ar3 + ar4), which is nor-

malized to 10 points when stage 5 is reached.

Stages 1-4 are weighted as 0.6, 1.3, 2.5, and

5.0, respectively. The causal chain is neither

linear nor deterministic. Stage 3 will not al-

ways reach stage 5, but only does so at a

certain probability. Therefore, by attaching a

weight to each stage, one is essentially assign-

ing probability estimates to the evidence.

Thus, these weights represent the probabili-

ties that the specific stage will proceed to

the next stage.

In theory it is possible to come up with

weighting factors that are empirically verifi-

able. Let us suppose we are trying to deter-

mine whether a chemical is a human en-

docrine disruptor (that it will adversely affect

the human endocrine system) and that there

are five stages in the causal chain. If we had

evidence that the chemical induced stage 5

effects, then we can declare the substance a

human endocrine disruptor. Let us assume we

have evidence the chemical induced a stage 3

effect. If we had a toxicological database with

thousands of entries that allowed us to calcu-

late the percentage of those chemicals that

induced a stage 3 effect and the frequency

among those that also induced a stage 5 ef-

fect, we would have an empirically based

system to develop weighting factors.

However, there is no generally accepted

rationale for such a priori weightings within

a discipline. And if there were an accepted

framework of weightings, the selection would

be premised on achieving consistency among

expert evaluators rather than on some con-

sensus about causality.

WOE in Hypothesis Testing

Sometimes the term WOE refers to a

methodology used for selecting between two

competing hypotheses. In this context, au-

thors refer to WOE in the quantitative evalu-

ation of a hypothesis relative to the null hy-

pothesis, based on a priori evidence.24 It is

common to find Bayesian methods of analysis

used, where the probability of a hypothesis is

based on current evidence and prior proba-

bilities. This use of WOE is discussed in a

published report that examines whether a

DNA profile of a suspect is unique in the pop-

ulation.25 A suspect’s DNA is compared to the

DNA found at the crime scene. The compar-

ison is presented in the form of a probability

estimate that the suspect’s DNA and the DNA

found at the crime scene are a perfect match.

The weight of evidence is synonymous with

the probability estimate.26

THE FEDERAL AGENCY USE OF WOE

US Federal agencies, as well as interna-

tional agencies like the International Joint

Commission,27 have begun to incorporate

WOE in both their internal risk assessment

analysis and in their advisory processes

where they engage with external experts. The

approaches taken are usually qualitative and

avoid compressing all of the data to some

WOE numerical value. The ATSDR uses a

WOE approach to evaluate the synergistic

effects of chemical mixtures.28 The ATSDR

describes the objectives of and factors to con-

sider in a WOE analysis in its Public Health

Assessment Guidance Manual, without provid-

ing any details on how evidence is actually

“weighed” or scaled.29

“A weight-of-evidence analysis involves the

balanced review and integration of relevant
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exposure, toxicologic, epidemiologic, medical,

and health outcome data to help determine

whether exposure to contaminant levels

under site-specific conditions might result in

harmful effects. . . . The goal of the weight-of-

evidence analysis is to decide whether or not

harmful effects might be possible in the ex-

posed population by weighing the scientific

evidence and by keeping site-specific doses

in perspective.”30

The Occupational Safety and Health Ad-

ministration (OSHA) has incorporated WOE

in its regulations. In OSHA’s air contaminants

standard the agency stated:

In response to those commenters who argued

that none of the studies described by OSHA

presented sufficient dose-response data to be

used as a basis for establishing a limit, the

Agency emphasizes that it is not relying on any

single study to determine that wood dust pre-

sents a significant risk of material health im-

pairment. Instead, OSHA is making this deter-

mination on the basis of the findings in the

dozens of studies reporting on the respiratory,

irritant, allergic, and carcinogenic properties of

wood dust. The Agency finds the results of

these studies biologically plausible and their

findings reproducible and consistent. It is true

that some of these studies, like all human stud-

ies, have limitations of sample size, involve

confounding exposures, have exposure mea-

surement problems, and often do not produce

the kind of dose-response data that can be ob-

tained when experimental animals are sub-

jected to controlled laboratory conditions.

What the large group of studies being relied

upon by OSHA to establish the significance of

the risk associated with exposure to wood dust

do show is that the overall weight of evidence

that such exposures are harmful and cause loss

of functional capacity and material impairment

of health is convincing beyond a reasonable

doubt.31

The EPA has used WOE in the assessment

of Superfund sites, endocrine disruptors, and

carcinogens. In its 1986 carcinogen assess-

ment guidelines, the EPA introduced the term

WOE to describe how it combined tumor

findings in animals and humans as the princi-

pal elements of its WOE analysis to ascertain

the carcinogenicity rating of a compound. In

subsequent years, the EPA expanded its

framework for a WOE evaluation of carcino-

genicity by including a wider range of eviden-

tiary sources beyond rodent and human epi-

demiological studies. In its recent policy

document, “Proposed Guidelines for Carcino-

gen Risk Assessment”32 the EPA stated that

the agency would include structure-activity re-

lationships (computer models of chemical sub-

stances) of other carcinogenic agents, modes

of action of carcinogenic agents at cellular

and subcellular levels, and knowledge of toxi-

cokinetic and metabolic processes, in addition

to the more conventional sources of evidence.

In 1986, the EPA issued a summary rank-

ing of five grades for possible carcinogenic

agents (A through E, A signifies that a chemi-

cal is a human carcinogen, B a probable

human carcinogen, etc., until we get to E, not

a carcinogen). In 1996, the EPA replaced the

letters with three designations: known/likely

a human carcinogen, cannot be determined,

and not likely a human carcinogen. The

change in the carcinogen guidelines accompa-

nied a more expansive view of the acceptable

sources of evidence, which the agency defines

as a WOE approach. The EPA referred to a

WOE evaluation as a “collective evaluation of

all pertinent information so that the full im-

pact of biological plausibility and coherence

are adequately considered.”33

The EPA notes that for a WOE approach,

no single “weighing factor” determines the

overall weight; moreover, “the factors are not

scored numerically by adding pluses and mi-

nuses.”34 The factors are judged in combina-

tion, and there is no algorithm to aggregate

the modalities and quality of evidence. The

EPA does provide a guidance document that

indicates when the weight goes up or down.

Evidence is weighted more highly when time

between exposure and outcome is short;

there are consistent results in independent

studies; a strong association exists between a

compound and an effect; there are reliable

exposure data; there is a dose-response rela-

tionship; there are no biases and confounding

factors; there is a high level of statistical sig-

nificance; and positive results are found in

multiple species, sites, and sexes. The agency

wrote: “Generally, the weight of human evi-

dence increases with the number of adequate

studies that show comparable results on pop-

ulations exposed to the same agent under dif-

ferent conditions.”35 These qualitative weight-

ing factors are consistent with the Bradford-

Hill criteria for inferring causation.36

As previously noted, the EPA defined three

descriptors for carcinogenicity (I, known/likely;

II, cannot be determined; and III, not likely)

and asserted that: “Applying a descriptor is a

matter of judgment and cannot be reduced to

a formula.”37

What happens when you bring scientists

together and ask them to apply a WOE quali-

tative heuristic and reach a conclusion on

whether a substance is, is likely, or is unlikely

to be harmful? Several studies have evaluated

expert panels’ use of WOE to determine

whether there is consistency and convergence

on the application of the criteria.38 Some

panel studies have introduced weighting fac-

tors for specific evidentiary modalities (e.g., in

one case, studies that show direct mechanistic

evidence for an effect receive a ranking of

“1.0,” whereas mechanistic data on related

compounds receive a ranking of “0.71.”) and

measured the degree of consensus among ex-

perts.39 The results in the study were mixed.

The six teams of experts could not always

agree on the direction of the interaction effect

of two chemicals after reviewing and ranking

the same data and applying the same a priori

ranking scheme.

One of the key factors behind the reliabil-

ity of science is the accuracy and replicability

of measurement. The term WOE may suggest

that a measurement is involved, but that is a

false implication of the term. Weighing the

evidence, in the way it is carried out by regu-

latory bodies, is based on human judgment.

Such judgments are rarely, if ever, tested for

interrater reliability. Those who are consid-

ered experts in “weighing” evidence are con-

sidered so because they have a good grasp of

the type and variety of evidence that, accord-

ing to standards in their discipline, are suffi-

cient to justify a claim of cause and effect.

WOE IN LEGAL TESTIMONY

In law and public policy, three standards

of evidence are generally recognized: pre-

ponderance, clear and convincing, and be-

yond a reasonable doubt. By preponderance

of evidence, it is usually meant that a hy-

pothesis under consideration need only be

proven more trustworthy (more probable)

than its negation. Most civil proceedings use

a preponderance of evidence as a standard

of proof.

A higher standard is found in the phrase

“clear and convincing evidence.” The
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supporting evidence under this standard has

to have more than a marginal edge over the

alternative hypothesis. It has been described

as evidentiary support “sufficiently strong to

command the unhesitating assent of every

reasonable mind.”40

Finally, evidentiary criterion that meets the

standard “beyond a reasonable doubt” is the

highest burden and the one used in criminal

trials to minimize false positives (convicting

an innocent person).

In Daubert v Merrell Dow Pharmaceuticals,

Inc, the US Supreme Court issued a ruling

clarifying standards for federal judges on the

admissibility of expert testimony in the court-

room. According to the Daubert standard, ad-

missible expert testimony must meet a stan-

dard of relevancy and reliability. Moreover,

some judges apply the standard to each study

on which the expert relies, as well as the ex-

pert’s overall conclusions. This interpretation

of Daubert would have each study stand on

its own. McGarity calls this interpretation of

Daubert the “corpuscular approach to expert

testimony.”41 He writes:

“If the plaintiff fails to establish the rele-

vance and scientific reliability of a sufficient

number of individual studies, the trial judge

will exclude the expert’s testimony and (in the

absence of other relevant and reliable expert

testimony on causation) grant the defendant’s

motion for summary judgment before the

jury ever enters the picture.”42

If McGarity is correct on how Daubert has

been applied, then we will begin to witness a

divergence between judicial and regulatory

approaches to evidence. In regulation, the

strands of evidence are not assumed to stand

by themselves. Rather, they are seen as pieces

of a puzzle. McGarity notes: “corpuscular ap-

proach effectively prevents the expert in

toxic tort cases from applying the ‘weight-of-

evidence’ approach that regulatory agencies

universally employ in addressing the risks

that toxic substances pose to human be-

ings.”43 He likens the WOE approach in risk

assessment to the jury’s role in civil trials in

weighing the quality and credibility of various

testimonies.

Because there is no algorithm or canonical

methodology for determining WOE in cir-

cumstances where no single study is definitive

and there is no determinative experiment that

can foster a consensus on causality, experts

will exercise their judgment on the strength of

evidentiary support when a subset of the

pieces of the puzzle are assembled. The term

puzzle solving is an apt metaphor for the

practice of science. Thomas Kuhn used it in

his classic study The Structure of Scientific Rev-

olutions to describe the role of scientists en-

gaged in normal research problems. “Bringing

a normal research problem to a conclusion is

achieving the anticipated in a new way, and it

requires the solution to all sorts of complex

instrumental, conceptual, and mathematical

puzzles. The man who succeeds proves him-

self the expert puzzle-solver.”44 The metaphor

has also been cited by Susan Haack in con-

nection with the Daubert decision: “ . . . scien-

tists are like a bunch of people working,

sometimes in cooperation with each other,

sometimes in competition, on this or that part

of a vast crossword. . . .”45

Two experts may easily disagree on the

WOE. Who should decide whether the WOE

has been met for a given hypothesis when

there are contested views? After the corpus-

cular interpretation of Daubert, a judge ap-

plies the reliability standard to the admissibil-

ity of every piece of evidence in expert

testimony without seeing it as part of the en-

tire evidentiary record. By disqualifying the

evidence as unreliable on its own weight, ju-

rors may never hear the total weight of scien-

tific evidence. McGarity concludes: “It is not

at all clear that lay judges have the where-

withal to distinguish unreliable expert testi-

mony from reliable testimony based on scien-

tific studies that have been ‘deconstructed’ by

paid industry consultants.”46

When an agency reports, “according to a

WOE determination chemical X causes (does

not cause) a human disease,” a number of

possible presuppositions are implicit in the

decision process including:

• a socially constructed heuristic for classify-

ing studies or evaluating data,47

• an a priori numerical weighting scheme,

and

• a constructed consensus from a panel of sci-

entists through an interactive consultative

process, such as the Delphi Process.

Studies that have measured the variance

in expert judgments on the use of WOE in

evaluating a hypothesis demonstrate that the

application of WOE is not strictly a science

but depends on the experience, as well as

other tacit factors associated with the expert,

such as their familiarity with or financial

connection to the substance being evaluated.

Experts who apply a WOE analysis to evalu-

ate the human health hazards of a substance

draw from their personal knowledge of simi-

lar compounds; situate the properties of the

compound in a ranking system; and, based

on the diversity and quality of the evidence,

reach an informed, albeit subjective, judg-

ment on whether the likelihood that the sub-

stance is the cause of a human disease is

strong, moderate, or weak (e.g., the sub-

stance is a human carcinogen, a reproductive

toxicant, or an endocrine disruptor).48 With-

out an accepted canonical methodology or

standard of weighing and combining infor-

mation streams, and because subjective fac-

tors inevitably shape the outcome of the pro-

cess, judges may not be in any better

position than jurors to decide which WOE

analysis used by expert witnesses is more

credible or reliable.

CONCLUSIONS

As a metaphor, the term WOE turns a cog-

nitive and subjective process, as in the case of

juries “weighing the evidence,” into some-

thing that connotes a purely rational and ob-

jective process. If we add the term “scientific”

to the phrase, as in “weight of scientific evi-

dence,” it suggests even more precision by

drawing its symbolic meaning from the terms

“weighing” (from the weights and mea-

sures) and “science” (the most dependable

self-correcting system for fixing belief). In this

metaphor there is a triple dose of constructed

rationality. Our first realization is that the

“weighing instrument” for “weighing evi-

dence” is human cognition, which has never

been calibrated to the task. In fact, “weighing

evidence” has little if anything in common

with weights and measures. Secondly, evi-

dence for a hypothesis generally appears in

gradations, with the exception of the evidence

from a crucial experiment. Generally, there is

more or less evidence or conflicting evidence,

or more or less uncertainty in the evidence.

The approach that uses WOE applies a
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method that treats evidence as a continuous

variable and turns it into a dichotomous

(below or above the threshold) or triadic

variable: “yes,” “no,” or “probably.” (I am in-

debted to Susan Haack for suggesting this

point.) Third, the process of assigning values

(qualitative or quantitative) to different evi-

dentiary modalities or to studies of different

quality within the same modality is generally

constructed a priori (independent of empiri-

cally based evidence) for each specific case.

Where frameworks or models have been de-

veloped for this purpose, they have not been

standardized.49

Writing about the environmental etiology

of childhood diseases, Debaun and Gurney

highlight the essential role of a conceptual

framework for weighing the evidence. “In-

formed recommendations require systematic

assessments of the weight of evidence from

available studies and placement of the studies

into a conceptual framework that allows for

available data to be reviewed in the context

of epidemiology principles of causal infer-

ence.”50 Presuppositions within these frame-

works about the value of different forms of

evidence may bias the outcome of a WOE

analysis. For example, some WOE approaches

give higher weight to mechanistic information

over epidemiological data. Where mechanistic

knowledge may be unavailable for a particu-

lar substance, the value of excellent human

epidemiological data may be reduced in the

weighing schema because of a priori assump-

tions about evidence.

The use of all the relevant evidence for as-

sessing the health effects of a substance is cer-

tainly an advance over restricting assessment

to a few choice evidentiary modalities, where

information derived from these modalities is

scarce or the results highly uncertain. A legal

process that rejects the use of WOE or re-

stricts its utilization seems to be at odds with

current practices in regulatory science, where

knowledge about a potentially hazardous

product is pursued through a triangulation of

evidentiary streams. Moreover, the same legal

processes that acknowledge the value of

WOE must also acknowledge that its use is

not a rigorous science and, therefore, must be

open to public view and interpretation. When

WOE is used consistently and uniformly by a

regulatory body, it enables that body to de-

velop a strong comparative approach for as-

sessing the potential health and environmen-

tal effects of products. On the other hand, the

transparency of WOE will enable jurors and

stakeholders to fully grasp the norms and a

priori assumptions that enter into the analysis.

The Daubert decision and subsequent related

procedures should neither serve as an excuse

for “disbarring” WOE analysis in risk assess-

ment nor prevent jurors from learning about

the value and limitations that it may bring to

litigation.
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Assessing Ovarian Cancer Risk When Considering Elective

Oophorectomy at the Time of Hysterectomy

Allison F. Vitonis, SM, Linda Titus-Ernstoff, PhD, and Daniel W. Cramer, MD, ScD
Department of Obstetrics and Gynecology, Epidemiology Center, Brigham and Women's
Hospital, Boston, Massachusetts; and Norris Cotton Cancer Center, Dartmouth-Hitchcock
Medical Center, Lebanon, New Hampshire

Abstract

Objective—To develop a risk-factor score that may provide additional guidance to women and

their physicians regarding elective bilateral salpingo-oophorectomy at the time of hysterectomy.

Methods—From a case–control study conducted from 1992 to 2008 in women residing in eastern

Massachusetts or New Hampshire, we selected 1,098 women with invasive ovarian cancer (case
group) and 1,363 for the control group who were older than 40 years and had neither hysterectomy
nor a personal or family history of breast or ovarian cancer. Using logistic regression, we
identified key risk factors and built a risk score. The score was separately assessed in 126 women
in the case group and 156 in the control group with excluded prior hysterectomy to determine
whether women who developed ovarian cancer could have been distinguished.

Results—Summing eight conditions found to be associated with ovarian cancer (Jewish

ethnicity, less than 1 year of oral contraceptive use, nulliparity, no breastfeeding, no tubal ligation,
painful periods or endometriosis, polycystic ovary syndrome or obesity, talc use), we created a
five-level score. Assigning average risk to those with a score of 2, the odds ratios varied from 0.56
(95% confidence interval [CI] 0.42–0.74) for a score of 0–1 to 3.30 (95% CI 2.50–4.35) for a
score of 5 or greater (  trend <.001). The risk score was higher for women who developed ovarian
cancer after hysterectomy than those who did not ( =.01). Lifetime risks for ovarian cancer for a
woman at age 40 years are changed from 1.2% with a 0–1 score to 6.6% with a score of 5 or
higher.

Conclusion—We developed a risk-assessment tool that can quantify women's risk for ovarian

cancer and should be validated in other data sets.

In the 1990s, there were approximately 600,000 hysterectomies performed in the United
States annually and 55% of these also involved bilateral salpin-go-oophorectomy,1 many
done solely to reduce the risk for ovarian cancer. It has been suggested that elective bilateral
salpingo-oophorectomy be considered for women older than 40 years,2–4 whereas surveys in
the United Kingdom revealed that 85–90% of physicians recommended bilateral salpingo-
oophorectomy for postmenopausal women coming to hysterectomy.5,6 However, Parker et
al,7 citing evidence that postmenopausal ovaries secrete androgens important to health,
performed a risk–benefit analysis and concluded that ovarian conservation benefits long-
term survival for women at “average risk” for ovarian cancer undergoing hysterectomy for
benign disease. A subsequent study using observational data from the Nurses' Health Study
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on all and various causes of mortality for hysterectomized women with and without
oophorectomy supported their conclusion.8

In addressing the value of bilateral salpingo-oophorectomy, Parker et al distinguished
average-risk women from those with known  or  mutations or a strong
family history of breast and ovarian cancer. In the latter group, bilateral salpingo-
oophorectomy may truly be beneficial in reducing risk for both breast and ovarian cancer.9

Genetic or familial risk factors or both, however, account for a small proportion of ovarian
cancer. Consequently, it is important to assess ovarian cancer risk among women who lack
the genetic or familial profile. In this article, we describe a risk-factor score that may be of
value in further categorizing risk for ovarian cancer in women without a personal or family
history of cancer to provide additional guidance to women and their physicians regarding
elective bilateral salpingo-oophorectomy at the time of hysterectomy.

Materials and Methods

Data used in this study come from three enrollment phases of a case–control study of
ovarian cancer in New England. The earlier two phases have been described previously.10

Briefly, we used statewide cancer registries and hospital tumor boards to identify ovarian
cancer cases diagnosed in eastern Massachusetts and the entire state of New Hampshire
from May 1992 to March 1997 and August 1998 to April 2003. We enrolled 1,306 women
in the case group of whom 1,231 had been diagnosed with epithelial ovarian cancers.
Women for the control group for the first phase of the study were identified by random-digit
dialing supplemented with residents' lists for older control-group participants.
Approximately 10% of households randomly dialed contained an eligible control and of
these, 421 (72%) agreed to participate. All women for the control group for the second phase
were identified through town resident lists (town books) in Massachusetts and drivers'
license registries in New Hampshire. Of the 2,102 potential control-group participants
identified through town books in both phases, 635 were ineligible, 644 declined
participation, and 823 were enrolled. In total, 1,244 women were enrolled in the control
group.

In the third enrollment phase, between October 2003 and November 2008, we identified
1,610 women residing in eastern Massachusetts or New Hampshire who had a diagnosis of
incident ovarian cancer. Of these, 372 could not be contacted because they had died, moved,
or had no telephone; did not speak English; had a nonovarian primary tumor after review; or
lived outside the study area. Physicians declined permission to contact 128, and 213
declined or were too ill to participate. The remaining 897 women were enrolled; of these,
845 had epithelial ovarian tumors, including tumors of borderline malignancy.

Similar to the second phase of the study, control-group participants were identified through
town books in Massachusetts and drivers' license lists in New Hampshire. Age matching
was accomplished by sampling control-group participants based on the age distribution of
women in the case group in the previous phases of the study with adjustment as current
case-group participants were enrolled. Of the 2,523 potential control-group participants
identified, 850 were ineligible because they had died, moved, had no telephone, did not
speak English, had no ovaries, or were seriously ill and 816 potential control-group
participants declined participation either by phone or by “opt out” postcard. A total of 857
control-group participants were enrolled.

In all phases, after written informed consent, demographic information, reproductive and
medical history, and habits were assessed by in-person interview. All of the questions were
framed with respect to a reference date defined as 1 year before the diagnosis date for
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women in the case group and the date of interview for those in the control group. Histologic
type, grade, and stage of disease were abstracted from case pathology reports. This study
was approved by Brigham and Women's Hospital and Dartmouth Medical Center's
institutional review boards.

We used two approaches to identify women who may be at greater risk for ovarian cancer
after hysterectomy and more likely to benefit from elective bilateral salpingo-oophorectomy.
In the first approach, we constructed a risk-factor score that would be relevant to decision-
making for “average-risk” women coming to hysterectomy. For this analysis, we excluded
all women who had prior hysterectomy (n=368). We also excluded women who would be
deemed to be at above-average risk because of a personal history of breast cancer or a
family history of ovarian cancer at any age or breast cancer diagnosed before age 50 years
(n=532). We excluded women younger than 40 years because they would unlikely be
offered bilateral salpingo-oophorectomy without an indication (n=615). We also restricted
the analysis to women who had an invasive ovarian cancer, whose survival is substantially
worse compared with those with borderline tumors. The final sample included 1,098 women
in the case group (including 17 primary peritoneal cases) and 1,363 in the control group. In
the second approach, also after excluding borderline cases and women with a personal or
family history of breast or ovarian cancer, we examined women in the case (n=126,
including one primary peritoneal case) and control groups (n=156) who had previous
hysterectomy to determine whether risk profiles or reasons for the surgery could have
distinguished women who subsequently developed ovarian cancer.

In both approaches, unconditional logistic regression models were used to identify
significant risk factors distinguishing women in the case group from those in the control
group. Continuous variables were categorized based on quartiles of the control distributions.
Associations are presented as odds ratios, 95% confidence intervals, and Wald test  values.
We used Wald tests from logistic regression to test for trends in ordinal categorical
exposures by creating ordinal variables in which the median value or midpoint of each
category was assigned to all participants within that category. To evaluate whether
associations between risk factors and ovarian cancer varied by study phase, we conducted
stratified analyses and likelihood ratio tests comparing models with both main effects and
interaction terms with models with main effects only. Because of the small amount of
missing data in this study, participants with missing exposures were dropped from analyses.
Combinations of factors were examined to identify the best cumulative index of experiences
associated with ovarian cancer risk. In all models, we adjusted for study phase and the
matching variables age (continuous) and study site (Massachusetts, New Hampshire).

We translated the relative risks obtained from the model into absolute risks by multiplying
them by cumulative risks for ovarian cancer occurrence with age 85 years as an end point.
Cumulative risks were calculated from 2003–2007 age-specific incidence rates for ovarian
cancer provided through Surveillance, Epidemiology, and End Results (SEER) of the
National Cancer Institute.11 These rates are based on all women as the denominator
including women with an oophorectomy, whereas we wish cumulative risk to apply only to
women with intact ovaries. From a study that examined the effect of hysterectomy and
oophorectomy on genital cancer rates,12 we adjusted age-specific incidence rates upward
based on estimates of the prevalence of oophorectomy by dividing each age-specific
incidence rate by one minus the prevalence of oophorectomy in that age group. Cumulative
incidence was calculated by summing the adjusted age-specific incidence rates times the
duration of the age-specific incidence intervals as described in Rothman and Greenland.13
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Results

Table 1 shows the distribution of women in the case and control groups by study details and
well-established or potential risk factors for ovarian cancer. The majority of women enrolled
in the case group were white, which limited our ability to include race as a risk factor. We
observed highly significant increases in risk associated with lack of oral contraceptive use,
nulliparity, never having breastfed, no tubal ligation, painful periods or endometriosis,
polycystic ovarian syndrome or obesity (body mass index [calculated as weight (kg)/[height
(m)]2] greater than 30), and long-term genital talc use. An increasing number of estimated
ovulatory cycles not interrupted by pregnancies, breastfeeding, or oral contraceptive use was
also strongly associated with increased risk. Having a Jewish ethnic background was
associated with increased risk but of borderline significance ( =.08). There was no
significant association with age at menarche or menopause, fertility hormones, or
menopausal hormone use (except for progesterone-only regimens, which were used by few
participants in this study). We observed no significant interactions between risk factors and
study phase.

The final entry in Table 1 shows the results of a simple score created to summarize risk by
number of ovarian cancer risk factors. Conditions included in this score are Jewish ethnicity,
more than 1 year of oral contraceptive use, nulliparity, no breastfeeding, no tubal ligation,
painful periods or endometriosis, polycystic ovarian syndrome or obesity, and long-term
genital talc use. There was a significant trend of increasing risk with increasing number of
conditions (  trend <.001). Compared with women with two conditions, women with zero to
one condition had a 40% reduction in risk, whereas women with three, four, and five or
more conditions had 60%, twofold, and threefold increases in risk, respectively. We
examined this score by histologic subtype and stage of invasive epithelial ovarian cancer and
observed significant trends of increasing risk for all subtypes and early- and late-stage
disease (Table 2).

Table 3 shows the results of the analysis of ovarian cancer in women in the case and control
groups who had prior hysterectomy. There were significant trends for risk of ovarian cancer
to be lower with an older age at hysterectomy and greater with a longer interval since
performance of the hysterectomy. The most common reasons for hysterectomy (by the
woman's self-report) were heavy bleeding, leiomyomas, or both, which were diagnosed in
61.9% of women in the case groups and 57.0% of those in the control group. Compared with
this group, there was a lower likelihood for developing ovarian cancer if the reported
diagnosis was prolapse ( =.06). Risk of ovarian cancer among hysterectomized women
increased monotonically with a higher risk-factor score (  trend=.01). The average risk-
factor score was 3.4 for all women in the case group compared with 3.0 for all women in the
control group ( =.009) and 3.4 for women in the case group compared with 2.6 for those in
the control group ( =.01) for women who underwent hysterectomy after age 45 years.
Women with ovarian cancer who had prior hysterectomy had a higher frequency of serous
histologic types (67%) and lower frequency of endometrioid and clear cell types (22%)
compared with nonhysterectomized women in the case group, in which the respective
frequencies were 52% and 36% ( <.001) (data not shown).

Table 4 translates the risk-factor score from Table 1 into absolute risks for the occurrence of
ovarian cancer during the remaining years of life from a particular starting age beginning at
age 40 years until age 85 years as an end point. Assuming that the category of two risk
factors best represents risk in the general population (and therefore the referent category),
we multiplied the cumulative risks by 0.6, 1.6, 2.1, and 3.3 for the score categories 0–1, 3, 4,
and 5 or more, respectively. As illustrated in Table 4, a woman who is 40 years old and has
zero to one risk factors would have an absolute risk of developing ovarian cancer by age 85
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years of 1.2% (95% CI 0.8–1.4%), whereas a woman with five or more risk factors would
have a risk of 6.6% (95% CI 5.0–8.6%).

Discussion

Current American College of Obstetricians and Gynecologist guidelines14 recommend that
family history, menopausal status, and pelvic disease that might predispose to reoperation be
considered in whether bilateral salpingo-oophorectomy should be offered to women coming
to hysterectomy. The guidelines state that “Strong consideration should be made for
retaining normal ovaries in premenopausal woman who are not at increased genetic risk of
ovarian cancer.” Bilateral salpingo-oophorectomy should be offered to women with known
or suspected  or  mutations after completion of childbearing. For
postmenopausal women (with normal ovaries), the guidelines state: “Given the risk of
ovarian cancer in postmenopausal women, ovarian removal at the time of hysterectomy
should be considered for these women.” Nulligravidity and family history of ovarian cancer
are mentioned as increasing risk for ovarian cancer; and pregnancy, tubal ligation, and use
of oral contraceptive are mentioned as decreasing risk. However, no concrete rules are
offered on how these characteristics might be used to weigh risk in an individual woman.

In this article, we derive a simple score to help physicians and women weigh individual risk
for ovarian cancer. We first excluded those women who would already be viewed at high
risk such as those with a personal history of breast cancer or family history (of a mother or
sister) with breast cancer (before age 50 years) or ovarian cancer at any age. To make the
model most relevant to women considering oophorectomy at the time of hysterectomy, we
then excluded women younger than 40 years, who may be inappropriate candidates for
elective oophorectomy without known ovarian pathology, as well as women in the case and
control groups who had prior hysterectomy. We identified those risk factors to be
considered: parity, oral contraceptive use, breastfeeding, tubal ligation, painful periods or
endometriosis, obesity or polycystic ovarian syndrome, and talc use. These risk factors are
concordant with published epidemiologic data related to reproductive factors,15–23 use of
talc,17–19 tubal ligation,20,24–27 endometriosis,28 and polycystic ovarian syndrome or
obesity.29,30 It is also known that approximately 2% of Jewish women carry one of three
founder mutations of  or . Approximately 40% of Jewish women who
present with ovarian cancer will carry a founder mutation.31 Even after removing those with
a family history of breast or ovarian cancer, women with Jewish ethnic backgrounds remain
at approximately a 30% increased in risk for ovarian cancer.

Creating simple dichotomies from these factors and summing them allowed a five-level risk
score to be constructed, which correlated directly with increasing relative risks for ovarian
cancer. Combining various risk factors to create a risk score for ovarian cancer has been
performed in studies that have looked at the estimated number of ovulatory cycles, which
also directly correlates with ovarian cancer risk.10,32 However, we did not include ovulatory
cycles in our model because estimating them would require a calculator or paper and pencil.
Thus, a simple linear combination of diverse risk factors, even those that do not logically fit
into an ovulatory cycles score, adds cumulatively to increase ovarian cancer risk. We
previously have discussed the potential basis for this phenomenon as indicating a common
pathway for many ovarian cancer risk factors operating through their ability to affect
immunity related to important cell surface glycoproteins, know as mucins, especially
MUC1.33

We also performed an analysis on women who had previous hysterectomy. Most case–
control studies of ovarian cancer allow women with hysterectomy to be included in the
control group as long as they said their operation did not include oophorectomy. Nearly all

Vitonis et al. Page 5

. Author manuscript; available in PMC 2013 September 24.

N
IH

-P
A

 A
u

th
o

r M
a

n
u

scrip
t

N
IH

-P
A

 A
u

th
o

r M
a

n
u

scrip
t

N
IH

-P
A

 A
u

th
o

r M
a

n
u
scrip

t

Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 15 of 200 PageID:
 33870



hysterectomized women who later developed ovarian cancer would be correct in their
recollection that they did not have a bilateral salpingo-oophorectomy. However, there is a
greater likelihood that those who did not develop ovarian cancer may have incorrectly stated
their ovaries were left, leading to misclassification. We are uncertain whether this may
partially explain the greater percentage of control-group participants who reported
hysterectomy without bilateral salpingo-oophorectomy after age 46 years compared with
women in the case group observed in this study. Because historical medical records could
not be retrieved for participants, it was also necessary to rely on the woman's recollection of
why the surgery was performed. Women who went on to develop ovarian cancer after
hysterectomy were less likely to have had hysterectomy for prolapse ( =.06). Regarding our
risk score, we again found a significant trend for a higher cumulative score to predict greater
risk for ovarian cancer occurring after hysterectomy. Notably, the average score for women
who had hysterectomy after age 45 years and subsequently developed ovarian cancer was
3.4 for women in the case group compared with 2.6 for those in the control group ( =.01). It
may be particularly important to initiate a dialogue about ovarian cancer risk factors before
hysterectomy after this age.

Potential weaknesses of this study derive from the fact that case–control data were used to
create our scoring system. Biases may occur in case–control studies that can affect risk
estimates, including recall bias leading to misclassification of exposure. In addition,
selection biases may occur in that exposures for women with rapidly fatal disease who could
not be interviewed may be underrepresented. Nevertheless, the risk factors we observed
agree with published data, some of which come from cohort studies in which these biases
are less likely to occur and our scoring system was applied to both early- and late-stage
disease (Table 2). Another limitation of case–control data is that it allows only relative, not
absolute, risks to be calculated directly. To overcome this limitation, we multiplied the odds
ratio for each score by estimated lifetime risks of ovarian cancer. The age-specific incidence
rates used to calculate lifetime risks were first adjusted upward based on the prevalence of
oophorectomy in the general population.

Our risk score does not provide a precise formula for when elective oophorectomy should be
recommended because we did not perform a cost–benefit analysis taking into consideration
the competing risks from long-term complications of bilateral salpingooophorectomy,
including bone fracture and cardiovascular diseases. Based on the rarity of ovarian cancer
relative to other conditions considered by Parker et al in their analysis of the Nurses' Health
Data, it is possible that, even if all cases of ovarian cancer could be predicted and
eliminated, overall benefits might not be shifted toward selective bilateral salpingo-
oophorectomy. Nevertheless, we think it is important for physicians and their patients to
weigh individual risk for ovarian cancer when considering elective oophorectomy and have
a discussion about individual risk for ovarian cancer. Even if the woman at elevated risk
elects to conserve ovaries, bilateral salpingectomy without oophorectomy might be
considered. Emerging evidence suggests that many high-grade invasive ovarian cancers may
have their origin in the fallopian tubes rather than ovaries,34 prompting Canadian health
officials in British Columbia to urge gynecologists to perform salpingectomy (without
oophorectomy) on women coming for hysterectomy. Our risk score might enable selection
of women who would be candidates for this surgical alternative to oophorectomy if women
at higher risk do not elect to have oophorectomy. Although we believe our scoring system is
an improvement over existing methods for assessing risk for ovarian cancer in women
without a family history, it should be viewed as a prototype until it can be validated in other
data sets, especially with prospectively collected data from women including more
nonwhites who were underrepresented in our study.
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Table 1

Conditions and Exposures Associated With Invasive Ovarian Cancer

No. of Women in the Case
Group (n = 1,098)

No. of Women in the Control
Group (n = 1,363)

OR (95% CI)* P

Study

 Phase 1: 1992–1997 284 (25.9) 316 (23.2)

 Phase 2: 1998–2003 327 (29.8) 456 (33.5)

 Phase 3: 2003–2008 487 (44.4) 591 (43.4)

Site

 Massachusetts 860 (78.3) 1,117 (82.0)

 New Hampshire 238 (21.7) 246 (18.0)

Race

 White 1,056 (96.2) 1,335 (98.0) 1.00

 African American 15 (1.4) 11 (0.8) 1.79 (0.82–3.93) .15

 Hispanic 9 (0.8) 12 (0.9) 1.02 (0.42–2.43) .97

 Asian 14 (1.3) 3 (0.2) 6.28 (1.80–21.9) .004

 Other 4 (0.4) 2 (0.2) 2.52 (0.46–13.8) .29

Jewish ethnicity

 No 1,017 (92.6) 1,283 (94.1) 1.00

 Yes 81 (7.4) 80 (5.9) 1.34 (0.97–1.85) .08

Oral contraceptive use

 1 y or more 436 (39.7) 726 (53.3) 1.00

 Less than 1 y or no use 662 (60.3) 637 (46.7) 1.81 (1.52–2.15) <.001

Parity

 Parous 794 (72.3) 1,162 (85.2) 1.00

 Nulliparous 304 (27.7) 201 (14.8) 2.34 (1.91–2.87) <.001

Breastfeeding

 Any 353 (32.2) 690 (50.6) 1.00

 None 745 (67.8) 673 (49.4) 2.18 (1.84–2.57) <.001

Tubal ligation

 Yes 142 (12.9) 294 (21.6) 1.00

 No 956 (87.1) 1,069 (78.4) 1.87 (1.50–2.33) <.001

Pain with periods or endometriosis

 No 642 (58.5) 925 (67.9) 1.00

 Yes 456 (41.5) 438 (32.1) 1.53 (1.30–1.81) <.001

PCOS or obesity (BMI more than 30 kg/m2)

 No 785 (71.5) 1,039 (76.2) 1.00

 Yes 313 (28.5) 324 (23.8) 1.27 (1.06–1.52) .01

Long-term genital talc use (10 y or more)

 No 932 (84.9) 1,211 (88.8) 1.00

 Yes 166 (15.1) 152 (11.2) 1.42 (1.12–1.81) .004

Ovulatory cycles

 Quartile 1 149 (14.5) 317 (25.0) 1.00

. Author manuscript; available in PMC 2013 September 24.
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No. of Women in the Case
Group (n = 1,098)

No. of Women in the Control
Group (n = 1,363)

OR (95% CI)* P

 Quartile 2 218 (21.2) 316 (24.9) 1.51 (1.16–1.97) .002

 Quartile 3 300 (29.1) 317 (25.0) 2.14 (1.65–2.77) <.001

 Quartile 4 363 (35.2) 319 (25.1) 2.63 (2.02–3.43) <.001

Early menarche (younger than 12 y)

 Younger than 12 237 (21.7) 283 (20.8) 1.03 (0.85–1.25) .77

 12–15 815 (74.5) 1,006 (74.0) 1.00

 Older than 15 42 (3.8) 71 (5.2) 0.73 (0.49–1.08) .11

Age at natural menopause (y)

 Younger than 49 243 (33.2) 283 (33.0) 1.00

 49–51 228 (31.1) 272 (31.7) 0.99 (0.77–1.27) .93

 Older than 51 262 (35.7) 303 (35.3) 1.03 (0.81–1.32) .80

Postmenopausal hormone use

 None 839 (76.8) 983 (72.6) 1.00

 Estrogen only 54 (5.0) 77 (5.7) 0.77 (0.54–1.12) .18

 Estrogen and progesterone 174 (15.9) 245 (18.1) 0.83 (0.66–1.03) .10

 Progesterone only 4 (0.4) 17 (1.2) 0.28 (0.09–0.84) .02

 Oral contraceptives 3 (0.3) 8 (0.6) 0.46 (0.12–1.73) .25

 Other 18 (1.6) 25 (1.8) 0.82 (0.44–1.52) .52

Fertility hormones

 No 1,014 (92.4) 1,255 (92.1) 1.00

 Yes 84 (7.6) 108 (7.9) 0.97 (0.72–1.31) .84

Total number of risk factors

 0–1 98 (8.9) 311 (22.8) 0.56 (0.42–0.74) <.001

 2 201 (18.3) 361 (26.5) 1.00

 3 312 (28.4) 340 (24.9) 1.66 (1.31–2.09) <.001

 4 255 (23.2) 222 (16.3) 2.10 (1.64–2.70) <.001

 5 or more 232 (21.1) 129 (9.5) 3.30 (2.50–4.35) <.001

OR, odds ratio; CI, confidence interval; PCOS, polycystic ovarian syndrome; BMI, body mass index.

Data are n (%) unless otherwise specified.

Adjusted for study center, reference age, and study phase.

The excess of Asian ovarian cancer cases simply may reflect limited ability to recruit Asian women for the control group.

Risk factors include Jewish ethnicity, less than 1 year of oral contraceptive use, nulliparity, no breastfeeding, no tubal ligation, painful periods or

endometriosis, PCOS or BMI greater than 30 kg/m2, and long-term talc use.
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Table 3

Hysterectomy Details and Cumulative Index of Experiences Among Women With
Invasive Ovarian Cancer and Women in the Control Group Who Had Hysterectomy and
Who Had No Personal History of Breast Cancer, Family History of Ovarian Cancer, or
Early-Onset Breast

No. of Women in the Case
Group (n = 126)

No. of Women in the
Control Group (n=156)

OR (95% CI)* P

Age at hysterectomy (y)

 Younger than 35 35 (27.8) 36 (23.1) 1.00

 35–40 44 (34.9) 43 (27.6) 0.96 (0.50–1.82) .89

 41–46 30 (23.8) 39 (25.0) 0.77 (0.39–1.52) .45

 Older than 46 17 (13.5) 38 (24.4) 0.42 (0.20–0.90) .02

 trend .02

Time between hysterectomy and reference date (y)

 10 or less 27 (21.4) 42 (28.8) 1.00

 11–20 19 (15.1) 39 (25.0) 0.87 (0.39–1.92) .72

 21–30 45 (35.7) 43 (27.6) 1.84 (0.84–4.03) .13

 More than 30 35 (27.8) 29 (18.6) 2.17 (0.84–5.60) .11

 trend .04

Reason for hysterectomy

 Leiomyomas or heavy periods 78 (61.9) 89 (57.0) 1.00

 Endometriosis 10 (7.9) 13 (8.3) 0.92 (0.38–2.24) .86

 Prolapsed uterus 9 (7.1) 22 (14.1) 0.45 (0.19–1.05) .06

 Other 29 (23.0) 32 (20.5) 0.98 (0.54–1.77) .94

Total number of risk factors

 0–1 11 (8.7) 23 (14.7) 0.97 (0.39–2.38) .94

 2 21 (16.7) 41 (26.3) 1.00

 3 33 (26.2) 34 (21.8) 1.88 (0.92–3.86) .08

 4 33 (26.2) 35 (22.4) 1.83 (0.89–3.76) .10

 5 or more 28 (22.2) 23 (14.7) 2.45 (1.14–5.28) .02

 trend .01

OR, odds ratio; CI, confidence interval.

Data are n (%) unless otherwise specified.

Adjusted for study center, reference age, and study phase.

Risk factors include Jewish ethnicity, less than 1 year of oral contraceptive use, nulliparity, no breastfeeding, no tubal ligation, painful periods or

endometriosis, polycystic ovarian syndrome or body mass index greater than 30 kg/m2, and long-term talc use. The score was adjusted to estimate

that which would have been observed before hysterectomy.
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Abstract: Little is known regarding the early aspects of

ovarian carcinogenesis. As a consequence, the identi-

fication of women at risk for the disease is based

primarily on clinical grounds, with family history

being the most important risk factor. In this review,

we will discuss the various hypotheses regarding ovar-

ian etiology and pathogenesis. In addition, we will

discuss the epidemiology of ovarian cancer, including

hereditary, reproductive, hormonal, inflammatory,

dietary, surgical, and geographic factors that influence

ovarian cancer risk.
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Introduction
Epithelial ovarian cancer remains a highly
lethal malignancy. It is the fourth to fifth
leading cause of cancer deaths among
women in the United States and causes
more than 140,000 deaths annually in
women worldwide. Despite intensive re-
search efforts over the past decade di-
rected toward improved detection and

treatment of ovarian cancer, the majority
of women diagnosed with ovarian cancer
succumb to the disease. Progress in the
fight against ovarian cancer has been
hampered by a number of factors. These
include late diagnosis, the absence of
highly curative chemotherapy, and a high
degree of molecular heterogeneity in
ovarian tumors, a finding that is a direct
consequence of the large tumor burden
typical in most patients at the time of
presentation. Despite the challenges, sub-
stantial progress has been made in our
understanding of ovarian cancer biology,
the potential mechanisms underlying pro-
tective factors, and our ability to identify
women at increased risk of the disease.
This is translating into more effective
methods of prevention and treatment,
and a corresponding fall in ovarian cancer
incidence and mortality rates.1

Etiology
Because of the intra-abdominal location
of the ovary as well as the preponderance
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of advanced disease at presentation typi-
cal of most ovarian cancers, it has been
difficult to characterize changes in the
ovarian surface epithelium (OSE) consis-
tent with intraepithelial neoplasia.2 Thus,
little is known regarding the very early
molecular and genetic events associated
with ovarian carcinogenesis. As a conse-
quence, the etiology of ovarian cancer
remains poorly understood, and even the
cell of origin of epithelial ovarian cancer
has not been conclusively defined. A com-
mon but unproven hypothesis is that
ovarian cancers arise in OSE cell-lined
inclusion cysts, which are nests of OSE
that are entrapped in the ovarian stroma,
and subjected to the stimulative influence
of stromal growth factors. Evidence to
support the OSE as the source of ovarian
cancer includes: (1) the finding of activa-
tion of cancer preventive molecular path-
ways specifically in the OSE by the oral
contraceptive pill (OCP), a known ovar-
ian cancer preventive3,4; (2) description of
premalignant, dysplastic changes in the
OSE using classic pathologic criteria5; (3)
colocalization of dysplastic histologic
changes with either loss of tumor suppres-
sor activity or overexpression of cyclo-
oxygenase 2 in the OSE of high-risk
ovaries6,7; and (4) the finding of a tran-
sition in some early ovarian cancers from
a nonmalignant to malignant OSE.8

Recently, an alternative hypothesis has
been proposed, which suggests that the cell
of origin for ovarian cancer may involve
cells that have originated in the fallopian
tube.9–13 This hypothesis is speculative, but
supported by the finding that most ovarian
cancers have a histology similar to that of
the fallopian tube. In addition, fallopian
tube cancer risk is markedly elevated in
women with BRCA-related hereditary risk
of ovarian cancer, and an unusually high
incidence of histologic and molecular
signatures associated with dysplasia have
been identified in the fimbriated end of the
fallopian tube in prophylactic oophorec-
tomy specimens from women at high

risk.13,14 Further, careful examination of
the fallopian tube in women with serous
pelvic carcinoma has demonstrated a high
incidence of endosalpinx involvement, or
of coexistent tubal carcinomas, with sim-
ilar alterations in p53 noted in the pelvic
and fallopian tube lesions, suggesting
that the lesions might be genetically re-
lated.15,16 An unusually high incidence of
p53 signatures has been noted even in the
fimbriated ends of fallopian tubes re-
moved for noncancerous indications in
women at presumed population-based
risk of ovarian cancer.17 It is possible that
the fimbriated end of the fallopian tube
may be susceptible to neoplasia when
exposed to dysplastic cells shed from
the OSE or even in response to ovarian
stromal factors released during ovulation.

PATHOGENESIS

It has been commonly believed that
ovulation, with its associated disruption
and subsequent repair of the ovarian epi-
thelium, can lead to the acquisition of
genetic damage in ovarian epithelial cells
and, in turn, to ovarian cancer in suscepti-
ble individuals.18–20 The ‘‘incessant ovu-
lation’’ hypothesis for ovarian cancer is
supported by a large volume of epidemio-
logic evidence linking ovulation with
ovarian cancer risk18,21–29 and by the
finding that spontaneous ovarian cancers
arise frequently in poultry hens, which
ovulate daily.30 Of note, alterations in
p53 are common in epithelial ovarian
cancer. In addition, in human as well as
chicken ovarian adenocarcinomas, the
incidence of p53 alterations correlates
with the number of lifetime ovulatory
events.31 It is possible that ovulatory
events predispose the ovarian epithelium
to alterations in p53, leading to defective
repair of DNA and thus ovarian cancer
susceptibility. The mechanism(s) by which
these changes could potentially lead to
neoplastic transformation of the fallopian
tube is unclear.

4 Hunn and Rodriguez
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Under the incessant ovulation model,
reproductive and hormonal factors such
as OCP use and pregnancy have been
presumed to alter ovarian cancer risk
mainly through their inhibitory impact
on ovulation. Although this hypothesis
is attractive, it fails to explain completely
the marked reduction in the degree of
ovarian cancer risk associated with fac-
tors such as pregnancy and OCP use. For
example, both of these factors confer a
degree of ovarian cancer protection that
is much greater than what would be
expected simply based on the number of
ovulatory cycles that are inhibited.21,23 In
addition, pregnancy is associated with a
reduced risk of ovarian cancer even in
women who are known to have ovulatory
dysfunction and for whom the pregnant
state has little impact on the number of
lifetime ovulatory cycles.32 Further, some
studies have reported a relationship be-
tween increasing risk of epithelial ovarian
cancer and increasing time since last
birth.33,34 These data support the hypoth-
esis that reproductive and or hormonal
factors impact ovarian cancer risk thro-
ugh additional biological mechanisms un-
related to ovulation inhibition.35 Indeed,
in addition to incessant ovulation, there is
evidence in support of alternative hypoth-
eses that have been proposed to explain
ovarian cancer pathogenesis, including
(1) the gonadotropin hypothesis, which
purports that circulating gonadotropins
stimulate the ovarian epithelium and pro-
mote neoplastic transformation,36 (2) the
hormonal hypothesis which suggests that
reproductive hormones can interact di-
rectly with the ovarian epithelium to
promote (estrogens and androgens) or
protect against (progestins) carcinogene-
sis,3,4,37 and (3) the inflammation hypoth-
esis which argues that inflammatory
mediators released either during ovula-
tion or concomitant with disease proc-
esses such as endometriosis can damage
the epithelium in the ovary and or fallo-
pian tube.38,39 Although none of these

hypotheses can fully explain all ovarian
cancers, it is likely that they all play a role,
and that ovarian cancer pathogenesis is a
multifactorial process, involving a com-
plex interplay of biological events related
to ovulation, inflammation, and gonadal/
hormonal factors.

Risk Factors and Epidemiology
As a consequence of the fact that most
ovarian cancers present in an advanced
stage, the molecular or tissue biomarker
changes associated with the very early
aspects of ovarian epithelial carcinogene-
sis are not well known. Moreover, even if
tissue biomarker changes predictive of
neoplastic transformation of the OSE
were known, the relative inaccessibility
of the ovary would make it difficult to
use this knowledge clinically to identify
women at increased risk of the disease. In
addition, despite extensive serum bio-
marker research, there is still a lack of
robust serum biomarkers that can be used
reliably to identify, in a timely way, the
majority of women who are destined to
develop ovarian cancer.40 Thus, in con-
trast to other cancers such as that of the
colon or cervix, there is insufficient tissue
or other biomarker information to allow
clinicians to identify women at risk, and
risk identification is based primarily on
epidemiologic factors (Table 1).

HEREDITARY

One of the most consistent and significant
risk factors for ovarian cancer is a family
history of ovarian cancer, particularly
in first-degree relatives.41,42 Schildkraut
et al43 examined the family histories of
ovarian cases and controls who had been
identified in conjunction with the Cancer
and Steroid Hormone (CASH) Study in the
early 1980s. The risks of ovarian cancer in
first-degree and second-degree relatives of
women with ovarian cancer were found to
be increased 3.6- and 2.9-fold, respectively,

Ovarian Cancer Epidemiology 5
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compared with women with no family
history of ovarian cancer. Analysis of
the CASH data also revealed that a family
history of either breast or ovarian cancer
increased the risk of both cancers in first-
degree relatives.43–45 The discovery of the
BRCA1 and BRCA2 cancer susceptibility
genes confirmed the hypothesis that a
fraction of ovarian cancers arise in wom-
en with a genetic predisposition. It is now
thought that about 10% to 12% of wom-
en with ovarian cancer carry germline
mutations in the BRCA1 or BRCA2
genes.46–50 An additional 2% to 3% are
from families with hereditary nonpolypo-
sis colorectal cancer (HNPCC) or Lynch
syndrome. These families carry mutations
in DNA repair genes and have as high as
10% to 13% lifetime risk of ovarian can-
cer, although colorectal, gastric, and endo-
metrial cancers are more commonly
seen.51,52 Even among families with identi-
cal BRCA1 or BRCA2 mutations, there is

heterogeneity with respect to the fraction of
breast versus ovarian cancer that manifest
and the age at onset. This suggests that
genetic susceptibility is modified by other
genetic or environmental factors. Cardinal
features of hereditary cancer risk include a
familial pattern suggestive of autosomal
dominant inheritance, early onset, an
excess of bilaterality (breast), multiple
primaries (breast-ovary), and in the case
of Lynch syndrome, an excess of cancers
of the gastrointestinal and genitourinary
tracts. Women with a familial pattern
consistent with a significant risk of ovar-
ian cancer should be referred for counsel-
ing and consideration of genetic testing
(Table 2).53

BRCA
Families with BRCA1 and BRCA2 muta-
tions represent the formerly separate syn-
dromes of site-specific familial ovarian
cancer and heredity breast/ovarian

TABLE 1. Risk Factors for Epithelial Ovarian Cancer

Increased Decreased Indeterminate

Hereditary Reproductive Fertility drugs
Family history of ovarian cancer Multiparity Exercise
Personal history of breast cancer Breastfeeding Cigarette smoking
Alteration in BRCA1 or
BRCA2 Hormonal
Lynch syndrome Oral contraceptives

Progestins
Reproductive Surgery

Advanced age Hysterectomy
Nulligravity Tubal ligation
Infertility

Hormonal
Early age at menarche
Late age at natural menopause
Hormone replacement therapy
Estrogen
Androgens

Inflammatory
Perineal talc exposure
Endometriosis
Pelvic inflammatory disease

Lifestyle
Obesity

Geography
Extremes in latitude
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cancer.54 Two thirds of these cancers are
associated with alterations in BRCA1 and
the other third with alterations in BRCA2.
The BRCA genes are tumor suppressor
genes that play a role in the maintenance
of genome integrity; they are involved in
repair of double-strand DNA breaks,
control of cell cycle checkpoint responses,
and chromosomal segregation.55 Affected
individuals inherit an altered allele as well
as normal wild-type allele for the BRCA
genes. Loss of the wild-type alleles
through either loss of heterozygosity or
other somatic mutations in individuals
with germline mutations in BRCA1 and
BRCA2 leads to increases in genomic
instability and tumorigenesis.55

The lifetime ovarian and breast cancer
risks for women with BRCA mutations
greatly surpasses that in the general pop-
ulation. Individuals from high-risk fami-
lies with BRCA1 mutations have an 87%
cumulative risk of breast cancer by the age
of 70. The lifetime risk of ovarian cancer
in BRCA1 mutation carriers is approxi-
mately 30% overall, but has been
estimated to be as high as 44% in high-
penetrance families.56 The risk for breast
and ovarian cancer is lower in women
with mutations in BRCA2, with a 27%
lifetime risk of ovarian cancer and an 84%
risk of breast cancer.57 Only a proportion
of the women who carry BRCA1 and
BRCA2 mutations develop ovarian can-
cer; the incomplete penetrance is thought
to be due to multiple factors including the
specific type and or location of the muta-
tion, the status of modifying genes,
epigenetic phenomena, and gene-environ-
ment interactions.58,59 Of note, the esti-
mated frequency of BRCA mutations in
the general population is relatively low (1
in 300 to 1 in 800 individuals in the United
States), but is considerably higher in those
of Ashkenazi Jewish heritage (1 in 50).60

Thus, in women with breast or ovarian
cancer, those of Ashkenazi Jewish herit-
age are significantly more likely to harbor
an alteration in BRCA1 or BRCA2.

TABLE 2. Factors Suggestive of an Inher-
ited Predisposition to Breast
and/or Ovarian Cancer for
Whom Referral for Genetic Eval-
uation Should Be Considered

BRCA*
Personal history of both breast and ovarian

cancer
Personal history of ovarian cancer and a close

relative with breast cancer at r50 y or ovarian
cancer at any age

History of ovarian cancer at any age combined
with Ashkenazi Jewish ancestry

History of breast cancer at r50 y and a close
relative with ovarian or male breast cancer at
any age

Women of Ashkenazi Jewish ancestry and breast
cancer at r40 y

Women with a first-degree or second-degree
relative with a known BRCA1 or BRCA2
mutation

Women with bilateral breast cancer (particularly
if the first cancer was at r50 y)

Women with breast cancer at r50 y and a close
relative with breast cancer at r50 y

Women of Ashkenazi Jewish ancestry with
breast cancer at r50 y

Women with breast or ovarian cancer at any age
and 2 or more close relatives with breast cancer
at any age (particularly if at least 1 breast
cancer was at r50 y)

Lynch
Women with endometrial or colorectal cancer

who have
At least 3 relatives with a Lynch/HNPCC-

associated cancer (colorectal cancer, cancer
of the endometrium, small bowel, ureter, or
renal pelvis) in 1 lineage
One affected individual should be a first-

degree relative of the other 2
At least 2 successive generations should be

affected
At least 1 HNPCC-associated cancer should

be diagnosed before age 50
Women with synchronous or metachronous
endometrial and colorectal cancer with the
first cancer diagnosed before age 50

*Peritoneal and fallopian tube cancer should be considered as
part of the spectrum of the hereditary breast/ovarian cancer
syndrome.

HNPCC indicates hereditary nonpolyposis colorectal
cancer.

Adapted from Schorge et al.53 [Close relative is defined as
a first, second, or third degree relative (ie, mother, sister,
daughter, aunt, niece, grandmother, granddaughter, first
cousin, great grandmother, great aunt)].

Ovarian Cancer Epidemiology 7

www.clinicalobgyn.com

Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 29 of 200 PageID:
 33884



Lynch Syndrome (HNPCC)
A strong family history of early onset
colon or endometrial cancer, or multiple
malignancies of the gastrointestinal and
genitourinary system should alert clini-
cians to the possibility of Lynch syn-
drome.53 In addition to a significant
lifetime risk of developing colon cancer,
HNPCC patients have an increased risk
of ovarian (12%) and endometrial cancers
(40% to 60%).61 These patients carry a
mutation in the DNA mismatch repair
genes MSH2, MLH1, PMS1, and PMS2,
leading to genomic instability and cancer
risk.62 Similar to BRCA-related cancers, it
has been observed that women with
Lynch syndrome develop ovarian cancer
at a younger age than women with spora-
dic ovarian cancer, with a mean age of 48.
In half of the cases, ovarian and or endo-
metrial cancers occur as many as 5 or
more years before the onset of colon
cancer, thereby being the sentinel event
alerting clinicians to the possible risk of
HNPCC.63 Patients who have developed
malignancies suspicious for Lynch syn-
drome often undergo genetic assessment
in a stepwise fashion starting with screen-
ing of tumor (uterus or colon) for mis-
match repair defects.53 Patients with
abnormalities on immunohistochemical
evaluation of MLH1, MSH2, MSH6,
and PMS2 protein expression or micro-
satellite instability will then typically
undergo full sequence analysis of relevant
genes as directed by immunohistochemi-
cal results.

REPRODUCTIVE

Parity
Case-control evidence has consistently
shown that pregnancy lowers ovarian
cancer risk. One pregnancy lowers ovar-
ian cancer risk by as much as one third
and the reduction in risk increases with
each additional pregnancy.21,23–27 The
protective effect lingers for as long as

1 to 2 decades, but then wanes with in-
creasing time since last birth.33,34 In addi-
tion, pregnancy at a later age is more
protective than pregnancy early in life.
In fact, a pregnancy after the age of 35 is
twice as protective against ovarian cancer
as a pregnancy before the age of 25. It has
been proposed that this would suggest a
protective effect of pregnancy that is
unrelated to effects on ovulation, and
supporting the notion that pregnancy
may clear premalignant or damaged cells
from the ovary.64–65 Infertility is associ-
ated with a 2-fold increased relative risk
(RR) of ovarian cancer. Data on the
impact of fertility drug use on risk have
been inconsistent, perhaps because of the
confounding influences of infertility and
pregnancy on ovarian cancer risk.66–69 Of
note, similar to women who are fertile,
women treated for infertility who success-
fully achieve a live birth benefit from a
reduction in ovarian cancer risk.

OCP Use
Numerous case-control studies have
shown that OCP use is associated with a
decreased risk of ovarian cancer.21,70

Three or more years of OCP use reduces
the risk of developing epithelial ovarian
cancer by 30% to 50%.22,71 The associa-
tion increases with the duration of use and
appears to be independent of inherent ovar-
ian cancer risk.23,72 Furthermore, the dura-
tion of protection effect lasts for more than
10 to 20 years after the last use. These data
are quite similar to the epidemiologic data
related to parity, suggesting that parity and
OCP use may share a common biological
mechanism underlying their ovarian cancer
protective effect.

Breastfeeding
Although the results of published studies
are inconsistent, the weight of the pub-
lished evidence suggests that breastfeed-
ing lowers ovarian cancer risk. Danforth
evaluated the impact of breastfeeding on
ovarian cancer risk in a large study of 391
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ovarian cancer cases and over 149,000
total participants.73 Analysis was con-
fined to parous women to evaluate the
impact of breastfeeding independent of
parity. The median duration of breast-
feeding among women who breastfed
was 9 months. As compared with never
breastfeeding, any breastfeeding was not
associated with a statistically significant
reduction in ovarian cancer risk. How-
ever, among those women who breastfed
for 18 months or more, a significant 34%
decrease in ovarian cancer risk was noted
as compared with never breastfeeding. A
similar protective effect of breastfeeding
was noted in a case-control study of
parous women in New Hampshire, but
only for women who had either breastfed
all children, or the last born child.74 No
protective effect was found when the last
born child was not breastfed. The authors
speculated that breastfeeding may ‘‘reset
pregnancy-related influences on ovarian
cancer risk.’’ In contrast, Jordan found a
modest 2% reduction in ovarian cancer
risk associated with breastfeeding, and no
additional benefit from individual lacta-
tion episodes >12 months. In addition,
the protective effect did not hold for
serous borderline or mucinous subtypes,
but was generally maintained for other
histologic subtypes of ovarian cancer.75

HORMONAL

There is mounting evidence that the ovar-
ian epithelium is a hormonally responsive
target organ whose biology can be im-
pacted strongly by the local hormonal
environment. The normal ovarian epithe-
lium expresses receptors for most mem-
bers of the steroid hormone superfamily,
including estrogens, progestins, retinoids,
vitamin D, and androgens. In addition,
the ovarian epithelium contains gona-
dotropin receptors and nonhormonal
targets such as the cyclooxygenase path-
way. There is therefore the potential for
reproductive and environmental factors

to have an impact on ovarian cancer risk
through a direct biological interaction of
hormonal and nonhormonal agents on
the ovarian epithelium. Recent studies
have indeed shown that reproductive hor-
mones can have potent biological effects
directly on the ovarian epithelium, thus
impacting ovarian cancer risk. Progestins,
for example, have been shown to induce
apoptosis, one of the most important
molecular pathways in vivo for the pre-
vention of cancer and a pathway that
mediates the action of many known
chemopreventive agents. It has been pro-
posed that progestin-mediated apoptotic
effects may be a major mechanism under-
lying the ovarian cancer protective effects
of OCP use and pregnancy (a high pro-
gestin state). Similarly, retinoids, vitamin
D, and nonsteroidal anti-inflammatory
drugs may have biological effects on the
ovarian epithelium that are cancer pre-
ventive, whereas estrogens and androgens
may have stimulatory effects on the ovar-
ian epithelium, leading to an increased
ovarian cancer risk.3,4,37,76

Gonadotropins
As early at the 1980s, Cramer proposed
the gonadotropin hypothesis as a poten-
tial mechanism underlying ovarian carci-
nogenesis.24 He proposed that elevated
circulating levels of gonadotropins re-
lated to either the menopause or ovula-
tory events might stimulate the OSE and
promote neoplastic transformation. The
biological mechanisms underlying the go-
nadotropin hypothesis have not been well
characterized, however, and the theory
has fallen short in fully explaining the
impact of hormonal and reproductive
events on ovarian cancer risk. Recently,
an excellent review by Choi has summar-
ized the evidence in support of or against
the gonadotropin hypothesis, and the
published data have generally yielded
inconsistent findings.77 For example, al-
though gonadotropin receptors have been
shown to be expressed in the normal
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ovarian epithelium and ovarian neo-
plasms, an association between serum
levels of gonadotropins and ovarian can-
cer has not been conclusively established.
Similarly, the known reduction in ovarian
cancer risk associated with pregnancy and
OCP use, conditions where gonadotropins
are suppressed, supports the gonadotro-
pin hypothesis; yet hormone replacement
therapy, which also suppresses gonado-
tropins, is associated with an increase in
ovarian cancer risk. Finally, gonadotro-
pins have been shown to both inhibit and
stimulate carcinogenesis in vitro, and ani-
mal data have been similarly inconsistent.

Progestins
The biological mechanism underlying the
protective effect of OCP use has histor-
ically been presumed to be related to the
inhibitory effect of OCPs on ovulation,
and, in turn, to a lessening in the extent of
ovulation-induced genetic damage accu-
mulated in the OSE. Recent animal data,
however, suggest that the OCP may have
a profound, direct chemopreventive effect
in the OSE, mediated by the progestin
component. A 3-year study in primates
has demonstrated that the progestin com-
ponent of an OCP has a potent apoptotic
effect on the ovarian epithelium, provid-
ing support for the hypothesis that OCPs
may lower ovarian cancer risk through
progestin induction of cancer preventive
molecular pathways in the ovarian epithe-
lium.3,4 The apoptosis pathway is arguably
one of the most important in vivo mecha-
nisms for cancer prevention. Activation of
apoptosis leads to the efficient disposal of
cells that have undergone irreparable ge-
netic damage and that are prone to neo-
plastic transformation.78 It is thus a key
molecular pathway for the elimination of
premalignant cells in vivo. It is a biological
mechanism associated with many known
chemopreventive agents,79–86 and pharma-
cologic agents that selectively enhance
apoptosis have been shown to lower the
risk of a variety of cancers in animals and in

humans.87 In addition, in both animal
models of cancer as well as in humans,
the efficacy of cancer preventive agents
has been shown to correlate with the degree
of apoptosis induced.87–90 Conversely, mu-
tations in the genes involved in the apop-
tosis pathway have been shown to be
associated with enhanced cancer risk.91

The finding that progestins activate this
critical pathway in the ovarian epithelium
raises the possibility that progestin-medi-
ated apoptotic effects, and not solely ovu-
lation inhibition as has been previously
assumed, may underlie the reduction in
ovarian cancer risk associated with routine
OCP use and pregnancy.

A growing body of published human
data is supportive of the notion that a
biological effect related to progestins may
be a major mechanism underlying the
cancer preventive effect for both the
OCP as well as pregnancy, which confers
potent protection against subsequent
ovarian cancer and which is associated
with high serum progesterone levels:
(a) An analysis of the data from the

CASH, has demonstrated that use of
progestin-potent OCPs confers great-
er protection against ovarian cancer
than use of OCPs containing weak
progestin formulations.92

(b) Further support for progestins as
ovarian cancer preventives has come
from an analysis of data from the
WHO by Risch, demonstrating a
60% reduction in the risk of nonmu-
cinous ovarian cancer in women who
have ever used Depo-medroxypro-
gesterone acetate, a progestin-only
contraceptive.37 Progestin-only con-
traceptives do not reliably inhibit
ovulation. Thus, the 60% reduction
in ovarian cancer risk from a proges-
tin-only contraceptive is further evi-
dence that progestins have a direct
chemopreventive effect on the ovary.

(c) In addition, epidemiologic evidence
has suggested that twin pregnancy
may be more protective against
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subsequent ovarian cancer than sin-
gleton pregnancy. Previously, it was
presumed that women who have twins
would be at greater risk of ovarian
cancer, presumably due to an in-
creased likelihood of more lifetime
ovulatory events as compared with
women who do not have twins, and
the notion that increased ovulation
would confer greater risk of ovarian
epithelial damage. Because women
with twin pregnancy have higher
progesterone levels than women with
singleton pregnancy, it has been pro-
posed that the data regarding twin
pregnancy are supportive of the no-
tion of a biological effect of proges-
terone as conferring ovarian cancer
protection, and that the effect is dose
dependent.64

(d) Finally, pregnancy at a later age is
more protective than pregnancy early
in life, and pregnancy after the age of
35 is twice as protective against ovar-
ian cancer as a pregnancy before the
age of 25. It has been proposed that
this would suggest a protective effect
of pregnancy that is unrelated to ef-
fects on ovulation, and supporting the
notion that pregnancy may clear pre-
malignant or damaged cells from the
ovary.64,65 Reproductive factors such
as pregnancy and OCP use may thus
impact ovarian cancer risk not only
through inhibition of ovulation, but
also through a progestin-mediated
chemopreventive effect that clears
genetically damaged cells from the
ovarian epithelium.

Estrogens
Data regarding the impact of estrogens on
ovarian cancer risk are mainly derived
from case-control series examining the
impact of OCP use or hormone replace-
ment therapy on ovarian cancer risk. As
discussed above, use of estrogen/proges-
tin combination OCPs has been shown to
consistently lessen ovarian cancer risk.71

Of note, however, in primates receiving
OCPs, estrogens have been shown to
partly abrogate the effect of progestins on
chemopreventive endpoints such as apop-
tosis in the OSE, suggesting that estrogens
may counteract the cancer preventive effect
of progestins.3,4 Published evidence in post-
menopausal women would support this
conclusion. Several large case-control stud-
ies suggest that estrogen replacement ther-
apy increases ovarian cancer risk 2-fold,
and that the addition of progestins to
hormone replacement therapy partly neu-
tralizes this enhanced risk.93–97 Whether or
not estrogen replacement therapy increases
the risk for all ovarian cancers, or selec-
tively promotes the development of specific
histologic subtypes of ovarian cancer is
unclear. For example, an increase in risk
for endometrioid ovarian tumors has been
reported among women who have used
postmenopausal estrogen replacement.97,98

A more recent study, however, has shown
that menopausal hormone replacement use
conferredan increased risk for all histologic
subtypes of ovarian cancer except for
mucinous, where risk was reduced.99

Androgens
It has been proposed that androgens may
be associated with increased ovarian cancer
risk, but the evidence is not conclusive.37,100

Data in support of a link between andro-
gens and ovarian cancer risk include: (1)
androgen receptors (ARs) are expressed in
the OSE, thereby providing a means by
which androgens can have a direct biolog-
ical effect in the organ; (2) most ovarian
cancers express AR, and antiandrogens
inhibit ovarian cancer growth; (3) oral
contraceptives, potent ovarian cancer pre-
ventives, significantly lower ovarian andro-
gen production; (4) ovarian cancer risk is
increased in conditions such as polycystic
ovary syndrome, which is associated with
elevated serum androgen levels; (5) use
of androgenic agents such as testosterone
or danazol may increase ovarian cancer
risk.101,102 In contrast, however, increased
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activity of the AR gene may inhibit ovarian
carcinogenesis. In addition, a recent case-
control study evaluating clinical surrogates
for anandrogenic milieu suchas ahistoryof
polycystic ovary syndrome, acne or hirsut-
ism failed to demonstrate that androgen
excess is associated with increased ovarian
cancer risk.101 Finally, use of androgenic
OCPs does not increase ovarian cancer risk
as compared with nonandrogenic OCPs.103

INFLAMMATION

Ness was the first to propose that inflam-
matory factors might be involved in ovar-
ian carcinogenesis.104 In her comprehensive
review in 1999, she noted that the inces-
sant ovulation and gonadotropin hypo-
theses failed to adequately explain the
enhanced risk of ovarian cancer associ-
ated with talc use, endometriosis and
pelvic inflammatory disease (PID), as well
as the protective effects associated with
hysterectomy and tubal ligation. A grow-
ing body of evidence suggests that the
ovarian epithelium and fallopian tube
are exposed chronically to an inflamma-
tory milieu related to the normal func-
tions of ovulation and menstruation.105

Pro-inflammatory cytokines are present
in ovulatory fluid and also in menstrual
effluent that comes into contact with the
fallopian tube. These same cytokines are
markedly elevated in epithelial ovarian can-
cers. In addition, inflammatory mediators
are markedly increased in disease states
such as endometriosis and PID. Recently,
elevated serum levels of C-reactive protein
have been shown to be associated with an
increased subsequent risk of ovarian can-
cer.106,107 In addition, in a prospective case-
control study of 230 women with ovarian
cancer and 432 individually matched con-
trols nested within three prospective co-
horts, prediagnostic circulating levels of
inflammatory cytokines, such as the inter-
leukins, have been shown to be elevated in
women who subsequently developed ovar-
ian cancer. These data provide more direct

evidence that inflammation may be associ-
ated with ovarian cancer risk.108 Interest-
ingly, OCPs, which as described above,
markedly lower ovarian cancer risk, confer
a number of biological effects that can
mitigate inflammatory influences in the
genital tract, including inhibiting ovula-
tion, lowering the risk of PID, and revers-
ing endometriosis.109

Talc
Evidence demonstrating an association
between talc use and an increased risk of
ovarian cancer suggests that environmen-
tal toxins can enter the lower genital tract
and migrate upward through the uterus
and fallopian tubes to enter the peritoneal
cavity and act as ovarian carcinogens.
Talcum powder was first implicated in
the risk of ovarian cancer in the 1960s
when it was found to be biologically sim-
ilar to asbestos which is a known carci-
nogen. Subsequent studies in animals and
humans demonstrated not only that talc
deposited in the gynecologic tract could
reach the ovaries, but also the finding of
talc particles in ovarian neoplasms.110

Subsequent case-control studies of talc
use and risk of ovarian cancer have shown
a strong association, including a meta-
analysis of 16 studies that included 11,933
women demonstrating a 33% increased
risk of ovarian cancer.111–115

Endometriosis
Endometriosis has been consistently shown
to be associated with an increased risk of
ovarian cancer, with odds ratios of approx-
imately two.104,116 The underlying mecha-
nism is not fully characterized. It has been
proposed that chronic inflammation can
lead to neoplastic transformation of endo-
metriotic implants. In addition, it is possible
that the endometriotic state leads to a rela-
tive progesterone ‘‘resistance’’, thereby mit-
igating the potential protective effects of the
hormone.117,118 The most common histo-
logic subtypes of ovarian cancer associated
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with endometriosis are clear cell and endo-
metrioid carcinomas.119

PID
PID occurs as predominantly a conse-
quence of sexually transmitted diseases
and manifests clinically as a marked in-
flammatory process involving the uterus,
fallopian tubes, and ovaries. Limited
case-control evidence suggests an in-
creased risk of ovarian cancer among
women who have had PID.120,121 The
association appears to be most pro-
nounced in women who have had PID at
a young age, or who are infertile, which is
also an ovarian risk factor. In the largest
study to date, with over 67,000 women
with PID and over 135,000 controls, the
adjusted hazard ratio for ovarian cancer
in women with PID was 1.92, increasing
to 2.46 in women who had had 5 or more
episodes of PID. The adjusted hazard
ratio was higher for women aged 35 or
younger.121

SURGERY

Hysterectomy and tubal ligation are asso-
ciated with a reduction in the risk of devel-
oping ovarian cancer. In a meta-analysis
of 12 case-control studies, hysterectomy
(without oophorectomy or salpingectomy)
was associated with a 34% reduction in the
risk of ovarian cancer.29 Women who
underwent a tubal ligation also had a
34% risk reduction compared with women
who did not.122 The protective effect of
surgery also extends to women at heredi-
tary risk of ovarian cancer. A case-control
study by the Hereditary Ovarian Cancer
Clinical Study Group has shown that tubal
ligation lowered the rate of ovarian cancer
in women with BRCA1 alterations by
60%.123 The combination of tubal ligation
and OCP use reduced the risk even further.
Of note, no protective effect of tubal
ligation was seen among carriers of the
BRCA2 mutation. The mechanism for the
protective effect of tubal ligation and

hysterectomy is not known, but theoreti-
cally could be explained by blockage of
access of environmental carcinogens to
the ovaries. Another proposed mechanism
is that surgery to remove uterus or fallo-
pian tubes may affect the ovarian circula-
tion or plasma hormone levels in ways that
lower ovarian cancer risk.124 Finally, if the
fallopian tube is indeed the source of some
ovarian cancers, then removing some of the
tube may be expected to lower cancer risk.

LIFESTYLE

Obesity
It is likely that obesity increases the risk of
ovarian cancer, but the degree of effect is
modest. A systematic review reported a
small association between body mass in-
dex (BMI) >30 and ovarian cancer risk
with an odds ratio of 1.3 [95% confidence
interval (CI), 1.1-1.5].125 In the Cancer
Prevention Study, a prospective cohort
study of 495,477 women followed for 16
years, a relationship was noted between
high BMI and ovarian cancer mortal-
ity.126 The RR of death from ovarian
cancer among women with a BMI of 35
to 40 was 1.51 compared with those of
normal weight. Findings from the Nurses’
Health Study indicated a 2-fold increased
risk of premenopausal ovarian cancer
associated with a high BMI.127 In addi-
tion, a meta-analysis showed an associa-
tion between obesity and ovarian cancer
with a 40% increase in risk in the heaviest
versus the lightest women in population-
based case-control studies.128 A recent
study by Leitzman prospectively followed
94,525 patients over a 7-year period.129

Overall, the women with a BMI>30 were
1.26 times more likely to have developed
ovarian cancer, though those findings
were not statistically significant. Among
a subgroup of women who had never used
hormone replacement therapy, the wom-
en who were obese were 1.83 times more
likely to develop ovarian cancer. In
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women who had used hormone replace-
ment therapy, there was no association
between obesity and ovarian cancer. The
authors speculated that obesity is associ-
ated with enhanced ovarian cancer risk
through a hormonal mechanism. Obesity
is known to increase adrenal secretion of
androgens, and is generally associated
with an increased endogenous production
of estrogens.130

Diet
Numerous studies have attempted to
identify dietary factors that may influence
ovarian cancer risk. Overall, the results
have been inconsistent or conflicting. The
balance of the evidence has failed to
conclusively demonstrate that consump-
tion of any macronutrient or micro-
nutrient significantly alters ovarian can-
cer risk. A case-control study in Italy
comparing 455 cases with ovarian cancer
to 1385 age-matched controls revealed an
increased RR for ovarian cancer associ-
ated with meat consumption of >7 por-
tions versus less than 4 portions per week
(RR 1.6; 95% CI, 1.2-2.12) and butter
versus fat consumption (RR 1.9; 95%
CI, 1.20-3.11). Dietary risk factors that
decreased risk included whole-grain
bread and pasta consumption.131 A larger
prospective cohort study of 29,083 wom-
en in the United States found that egg
consumption of 2 to 4 times per week as
well as increased intake of carbohydrates
and dairy increased the RR of developing
ovarian cancer, whereas consumption
of green leafy vegetables significantly
decreased risk (RR 0.44, 95% CI, 0.25-
0.79), but there was no association with
dietary fat, as well as intake of meats,
breads cereals, and starches and ovarian
cancer risk.132

Studies evaluating the intake of specific
foods or food groups on the subsequent
development of ovarian cancer have sim-
ilarly yielded inconsistent results. In one
study, protective foods included olive
and vegetable oils, fish, peas, beans, and

lentils.133 Vegetable consumption was
found to be protective in one study134

but another study that examined the effect
of consumption of vegetables and fruits
noted no benefit.135 In another large
study, risk of ovarian cancer was studied
after consumption of fruit and vegetables.
There was no association found between
high consumption of fruits and vegetables
and ovarian cancer risk.136 A study in
2006 suggested that milk and milk prod-
ucts are associated with an increased
ovarian cancer risk.137 However, the
Netherlands Cohort Study on Diet and
Cancer which followed 62,573 women for
11.3 years and included 252 cases with
ovarian cancer found no association be-
tween lactose and dairy intakes and the
development of ovarian cancer.138

In attempt to further clarify dietary
associations with ovarian cancer risk, 2
studies evaluated general dietary patterns
as opposed to specific foods. Overall
diet was evaluated in the prospective
California Teachers Study.139 A total of
97,292 women completed a baseline diet-
ary assessment of which 311 developed
epithelial ovarian cancer. Five major diet-
ary patterns were compared: (1) plant-
based; (2) high protein/high fat; (3) high
carbohydrate; (4) ethnic; (5) salad and
wine. Although women who followed a
plant-based diet had a slightly higher risk
of ovarian cancer (RR 1.65, 95% CI, 1.07-
2.54), the authors concluded that their
results did not show convincing associa-
tions between dietary patterns and ovar-
ian cancer risk. A recent study published
in 2011 evaluated the association between
a Healthy Eating Index and ovarian can-
cer.140 The Healthy Eating Index reflects
adherence to current USDA dietary Guide-
line for Americans. This population-based
case-control study had a total of 205 wom-
en with ovarian cancer and 390 controls.
Based on their results, the authors con-
cluded that neither individual food groups
nor dietary quality showed potential for
preventing ovarian cancer.
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Exercise
There is no firm relationship between ex-
ercise and ovarian cancer risk. Studies to
date are small and generally inconclusive,
with results ranging from suggesting no
association, to a finding of a modest benefit
from exercise, to even a possible adverse
effect of vigorous exercise on ovarian can-
cer risk.141–144 Pan et al145 examined survey
responses from over 400 women with ovar-
ian cancer and over 2100 healthy women
from The Canadian National Enhanced
Cancer Surveillance System. Women who
reported moderate levels of recreational
physical activity or who held jobs with
moderate or strenuous physical activity
had a reduced risk of ovarian cancer with
an odds ratio of 0.67 (0.50 to 0.88). A large
study from the Netherlands Cohort Study
consisting of 62,573 women who were sur-
veyed regarding their physical activity
yielded similar conclusions. Two hundred
fifty-two cases of ovarian cancer were
identified after 11.3 years of follow-up.
Compared with women who exercised
<30 minutes per day, women who spent
>60 minute per day in moderate exercise
had a RR of 0.78 for the development
of ovarian cancer. Women who spent >2
hours per week on recreational biking and
walking had an even lower risk (RR 0.65;
95% CI, 0.41-1.01) compared with women
who did no exercise.146 In contrast, in the
very large Nurses Health Study, although
moderate activity was found to be protec-
tive against subsequent ovarian cancer, fre-
quent vigorous exercise was associated with
increased risk.143 The underlying mecha-
nism(s) potentially mediating the effects of
exercise on ovarian risk are not well known.
Hormonal changes associated with physi-
cal activity can cause anovulation and de-
crease the risk of obesity thereby lowering
estrogens and risk, but possibly increase
gonadotropins which may increase risk.

Cigarette Smoking
The effect of smoking on ovarian cancer
risk has not been well defined. The most

intriguing finding has been an association
between current or past smoking and an
increase in mucinous ovarian cancer,
although the association does not apply
to other histologic subtypes.147–151 The
biological basis underlying any associa-
tion between smoking and ovarian cancer
is not well understood. Nicotine and its
metabolites have been identified in ovar-
ian tissue.152 Thus, it is plausible that
these agents can cause direct DNA dam-
age in the OSE. In addition, cigarette
smokers have been found to have higher
circulating levels of gonadotropins and
androgens, both of which can have ad-
verse effects on risk. On the other hand,
smokers may have earlier onset of meno-
pause which would be expected to lower
risk.153–155

GEOGRAPHY

Worldwide, there is a geographic distri-
bution for ovarian cancer, with increasing
incidence commensurate with latitudinal
distance from the equator.156 The same
pattern holds in the United States where
there is a significant north-south gradient,
favoring a higher ovarian cancer risk in
northern versus southern latitudes in the
United States. Lefkowitz has correlated
population-based data regarding ovarian
cancer mortality in large cities across the
United States with geographically based
long-term sunlight data reported by the
National Oceanic and Atmospheric Ad-
ministration, demonstrating a statistically
significant inverse correlation between re-
gional sunlight exposure and ovarian can-
cer mortality risk.157 Given that sunlight
induces production of previtamin D in
the skin, it is interesting to speculate
that vitamin D might confer protection
against ovarian cancer by direct biolog-
ical effects in the nonmalignant ovarian
epithelium, similar to that induced by
progestins. For example through induc-
tion of apoptosis and/or transforming
growth factor-b in the ovarian epithelium,
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vitamin D may cause the selective removal
of nonmalignant, but genetically dam-
aged ovarian epithelial cells.158,159 A
small case-control study supports the no-
tion that vitamin D confers ovarian can-
cer prevention, at dosages of vitamin D
easy to achieve through the diet. As com-
pared with a low dietary intake of vitamin
D, a high dietary intake of vitamin D
was associated with a 50% reduction in
ovarian cancer risk.160
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Risk Factors for Ovarian
Carcinoma

Adrianne R. Mallen, MDa, Mary K. Townsend, ScDb, Shelley S. Tworoger, PhDb,c,*

INTRODUCTION

Ovarian cancer is the second most common gynecologic malignancy overall world-
wide and the most lethal gynecologic malignancy in the United States and Europe.
Each year, approximately 200,000 women worldwide are diagnosed with ovarian can-
cer and approximately 125,000 women die from the disease.1 Most patients present
with advanced-stage disease because symptoms of early-stage disease may be sub-
tle or generalized.2 Standard treatment of advanced ovarian cancer involves cytore-
ductive surgery in combination with taxane-platinum–based chemotherapy.1

However, most patients experience recurrence and eventually succumb to their dis-
ease even with optimal initial treatment.3

Given this, identifying risk factors, preventive strategies, and high-risk populations is
crucial. However, epidemiologic studies face several challenges. First, ovarian cancer
is rare. Furthermore, because ovarian cancer is a heterogeneous disease, considering
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KEY POINTS

� Ovarian cancer continues to be the leading gynecologic killer of women in the United
States.

� Most women present with advanced-stage disease at time of diagnosis and there are
currently no effective screening strategies for average-risk women.

� Cancer epidemiology greatly contributes to the understanding of factors that may modify
disease development and drive tumor heterogeneity.
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outcomes of specific cancer subtypes is critical to provide clues to underlying mech-
anisms. As a result, it is crucial to have large sample sizes to ensure power. Thus,
several consortia have been initiated to pool resources from multiple studies and
conduct investigations that would not be possible in any single study. Pooling studies
that span different time periods further allows addressing a second challenge, which is
the temporal changes in clinical characterization of ovarian cancer and changes in
certain exposures (eg, oral contraceptive pill [OCP] doses) over time.
Importantly, removal of the ovaries and fallopian tubes reduces risk by up to 80%

to 90%.4 However, negative health consequences, including cardiovascular mortal-
ity,5,6 necessitate the use of this procedure only among high-risk women who would
have a net benefit, such as those with BRCA or other high-penetrance mutations.
However, in average-risk women, efforts to develop well-calibrated risk prediction
models have been largely unsuccessful, with low predictive capability even when us-
ing known ovarian cancer risk factors (area under the curve [AUC], 0.59–0.64).7–10

Addition of low-penetrance alleles only modestly improved the AUC to 0.66,11

requiring identification of new risk factors.12 A potential reason for the low predictive
ability is ovarian cancer heterogeneity, necessitating consideration of subtype-
specific risk factor associations. The focus of this article is to review risk factor as-
sociations by tumor subtypes to inform the future research that is needed to improve
risk prediction.

NONEPITHELIAL OVARIAN CANCER RISK FACTORS

A small proportion of ovarian tumors are from a nonepithelial origin and generally have
not been considered in risk modeling efforts. Specifically, sex-cord stromal ovarian
neoplasms represent only 1.2% of ovarian cancer cases. These tumors are diagnosed
at earlier stages and younger ages, in sharp contrast with epithelial ovarian cancer.13

Limited data suggest that nonwhite, obese women with a family history of breast or
ovarian cancer are at increased risk for this subtype. BRCA germline mutations or a
genetic predisposition to breast cancer are not related,14 although germline mutations
in DICER115 and somatic mutations in FOXL2 are related to these tumors.16 Ovarian
germ cell tumors account for 5% of malignant ovarian neoplasms,17 with early stage
at younger ages.18 The incidence increases around puberty.19 There is a greater inci-
dence among Asian/Pacific Islander and Hispanic women than in white women.20 No
definite genetic abnormalities have been identified in families with germ cell tumors.

EPITHELIAL OVARIAN CANCER RISK FACTORS

Epithelial ovarian cancer comprises greater than 90% of malignant epithelial neo-
plasms and often is diagnosed in postmenopausal women. Incidence is higher in white
women (12.8 per 100,000) than in black women (9.8 per 100,000).21 Incidence seems
to be lowest for American Indians/Alaska Natives. Incidence has been declining, with a
1.6% decrease in incidence and 2.1% decrease in mortality per year from 2003 to
2012 in the United States.22

Many traditional ovarian cancer risk factors are reproductive or hormonal. In gen-
eral, processes that decrease the number of ovulatory cycles are protective. For
example, OCP use, multiparity, breastfeeding, and tubal ligation, as well as late age
at menarche and early age at menopause, have been consistently associated with
decreased risk, many with a dose-response relationship.22 However, studies among
women using more recent lower-dose OCP formulations do not observe a decreased
risk except with very long durations of use (>10 years).23–25 Further, use of hormone
therapy, including unopposed estrogen and combined estrogen and progestin, seems
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to increase risk.26–31 Other risk factors include endometriosis, taller height, and high
body mass index in adolescence.32–36

Variation in Risk Associations according to Ovarian Cancer Subtypes

Ovarian cancers represent a diverse group of diseases that are unique based on pre-
cursor lesions, histology, cause, developmental origins, as well as distinct mutational
profiles.37,38 Stratification based on subtypes is critical for understanding mechanisms
underlying risk factor associations and for developing improved risk prediction
models. Although the most common assessment of heterogeneity is based on histo-
logic subtypes (ie, the morphologic features of the tumor) and grade, other metrics
have also been used. Large-scale studies that examined risk factors for specific
ovarian cancer subtypes are summarized later.

Histologic subtypes
Unexpectedly, most known ovarian cancer risk factors show stronger associations
with nonserous tumors, which comprise w25% of epithelial ovarian cancers, than
the more aggressive serous tumors (Table 1). For example, in a pooled analysis of
21 prospective cohort studies in the Ovarian Cancer Cohort Consortium (OC3), repro-
ductive risk factors, including lower parity and older age at menopause, as well as
endometriosis, were associated primarily with increased risks of endometrioid and
clear cell tumors.31 This finding is consistent with pooled analyses of case-control
studies and studies of endogenous hormones.39,40 Notably, OCP use seems equally
protective across histologic subtypes in multiple studies.31,39 Surgical procedures,
including tubal ligation and hysterectomy, also seem to primarily decrease the risk
of nonserous tumors.31,41–44 Data on histologic subtype–specific associations for sal-
pingectomy are currently unavailable, because few studies have examined this asso-
ciation and most have had few exposed cases.31,42,43

Associations of several lifestyle factors and use of over-the-counter medications
with risk of specific ovarian cancer histologic subtypes have also been investigated.
Smoking was associated with an increased risk of mucinous ovarian tumors but a
decreased risk of clear cell tumors in several studies.31,45 A pooled analysis of 8
case-control studies found modest increases in risks of serous, endometrioid, and
clear cell carcinomas, but not mucinous tumors, in women who used genital talc pow-
der.46 Aspirin and other nonsteroidal antiinflammatory drug use wasmainly associated
with serous disease in both prospective and retrospective consortial analyses.47 Simi-
larly, history of ovarian cancer is one of the few factors that is more strongly associated
with serous carcinoma.31 Family history of breast cancer was most strongly related to
endometrioid tumors.
Multiple studies have integrated grade and histologic subtype to evaluate associa-

tions for high-grade and low-grade serous tumors separately because these are
thought to have different causes.31,42,43 In general, low-grade serous tumors had
similar associations to endometrioid and clear cell disease, although family history
of ovarian cancer was related to high-grade serous tumors.31 A key caveat in these
studies is that grade does not have standard classification criteria and is often missing
in epidemiologic studies, reducing power and leading to misclassification of disease
subtype.
Biologically, these results support the theories of differing cells of origin in ovarian

cancer, notably with endometriosis and tubal ligation being strongly associated with
histologic subtypes thought to be directly linked with endometriotic tissue and retro-
grade menstruation.48 Similarly, the family history of ovarian cancer relationship with
high-grade serous disease is likely explained in part via BRCA mutations. In the
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OC3 analysis, unstructured hierarchical clustering suggested that few known risk fac-
tors were associated with serous tumors compared with endometrioid and clear cell
diseases, which had very similar risk factor profiles.31 This finding is in stark contrast
with breast cancer, for which risk factors for the most common type of tumor (estrogen
receptor positive) are well understood, and may explain the poor predictive ability of
prior risk models. Focusing on the risk factors that have been identified for serous dis-
ease may open up new areas of research to identify novel risk factors to best identify
high-risk women and elucidate novel risk-reduction strategies.49

Type 1 versus type 2
An additional method of classifying ovarian cancer subtypes groups certain histologic
subtypes together based on putative cells of origin and somatic mutations and has
been used in risk factor studies to enhance power.50 Type 1 cancers consist of low-
grade serous, endometrioid, clear cell, and mucinous cancers arising from the ovarian

Table 1
Summary of putative cells of origin and identified risk factors for specific ovarian cancer
histologic subtypes

Subtype
Putative Cells
of Origin

Reproductive and
Hormonal Risk Factors

Family History,
Demographic, and
Lifestyle Risk Factors

All serous Ovarian surface
epithelium,
fallopian tube
epithelium

Lower parity31,39

Shorter duration of OC use31,39

HT use/longer duration of use31,39

No history of tubal ligation42–44

Family history of
breast cancer31

Family history of
ovarian cancer31

Taller height31

Genital powder use46

No regular aspirin use47

High-grade
serous

Ovarian surface
epithelium,
fallopian tube
epithelium

Lower parity31

Shorter duration of OC use31

Longer duration of HT use31

No history of tubal ligation42,43

Family history of
ovarian cancer31

Taller height31

Low-grade
serous

Ovarian surface
epithelium,
fallopian tube
epithelium

Lower parity31

Shorter duration of OC use31

Longer duration of HT use31

—

Endometrioid Endometriosis aLower parity31,39

Shorter duration of OC use31,39

HT use/longer duration of use31,39
aOlder age at menopause31,39
aNo history of tubal ligation31,42–44

Endometriosis31

aFamily history of
breast cancer31

Taller height31

Genital powder use46

Clear cell Endometriosis aLower parity31,39

Shorter duration of OC use31,39

Shorter duration of HT use31
aOlder age at menopause31,39
aNo history of tubal ligation31,42,43

No history of hysterectomy31

Endometriosis31

Taller height31

Never smoking31

Genital powder use46

Mucinous Unknown Lower parity31,39

No history of tubal ligation42

Taller height31

More pack-years31,45

Abbreviations: HT, postmenopausal hormone therapy; OC, oral contraceptive.
a Indicates that the risk factor was most strongly related to this subtype(s).
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epithelium or endometriosis and are characterized by mutations in KRAS, ARID1A,
PIK3CA, PTEN, and BRAF. Type 2 cancers, which comprise high-grade serous can-
cers, carcinosarcomas, and undifferentiated carcinomas, are characterized by TP53
mutations and likely originate from the distal end of the fallopian tube. In general, these
studies have observed similar associations to those described earlier when looking at
the finer granularity of histologic subtype and grade. For example, reproductive fac-
tors such as parity and tubal ligation were most strongly associated with a lower
risk of type 1 tumors, whereas OCP use was consistently associated with a lower
risk across both types.39,51,52

Anatomic site
Research on ovarian cancer has historically encompassed primary ovarian, primary
peritoneal, and primary fallopian tube cancers. However, several studies have
explored whether risk factor profiles differ by the anatomic site of the cancer, which
might imply different carcinogenic origins. Among these studies, most have used
case-case designs in which peritoneal or fallopian tube cancer cases were compared
with ovarian cancer cases,53–57 although several studies compared 2 or more case
groups defined by site of origin with a common healthy control group,58,59 allowing
direct comparison of odds ratios (ORs) across anatomic sites. Although results are
not entirely clear, these studies suggest that associations of several established risk
factors may vary by tumor site of origin such that associations with ovarian cancer
are in the expected direction, whereas associations with fallopian tube and peritoneal
cancers may be similar, null, or in the opposite direction.
For example, in the Australian Ovarian Cancer Study (AOCS), which included inva-

sive serous ovarian (n 5 627), peritoneal (n 5 129), and fallopian tube cancer cases
(N 5 45) and 1508 control women, higher parity and longer duration of breastfeeding
were each associated with lower risks of ovarian cancer; the associations with fallo-
pian tube cancer were similar to those for ovarian cancer, whereas the associations
with peritoneal cancer were null or attenuated.59 In the North Carolina Ovarian Cancer
Study (NCOCS), which enrolled 495 women with epithelial ovarian cancer, 62 women
with primary peritoneal cancer, and 1086 control women, ORs for ever being pregnant
and number of pregnancies were similarly inverse for ovarian and peritoneal cancers;
however, older age at last pregnancy was associated with a decreased risk of ovarian
cancer (OR, 0.58; 95% confidence interval [CI], 0.39–0.86 comparing age � 35 years
vs <25 years), but an increased risk of peritoneal cancer (OR, 2.78; 95% CI, 1.00–
7.78). Similarly, tubal ligation was associated with reduced risk of ovarian cancer
but not associated with peritoneal cancer in NCOCS, although the RRs were not sta-
tistically significantly different. In AOCS, the reduction in risk caused by tubal ligation
was similar across anatomic sites.58

Given the limited the number of studies, it is difficult to conclude whether cancers at
different anatomic sites should be considered distinct outcomes. Continued collabo-
rative efforts are warranted in order to achieve an adequate sample size for continued
investigation.

Tumor dominance and laterality
It is now accepted that a substantial proportion of serous tumors arise from the fal-
lopian tubes, whereas some nonserous histologic subtypes, such as endometrioid,
may arise from endometriosis or retrograde menstruation. Because ovarian cancer is
usually diagnosed at a late stage when disease has spread, determining the cell of
origin is often very difficult.49 Pathology studies have suggested that dominant tu-
mors (restricted to 1 ovary or at least twice as large on 1 ovary compared with the
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other) are less likely to have a serous tubal intraepithelial carcinoma and are more
likely to be of nonserous histologic subtypes, compared with those with tumor
spread more evenly or diffusely across the peritoneal cavity. Further, endometriosis
is often found on the left side; this may reflect greater ovulation events on the right
side, leading to higher localized progesterone production, which suppresses endo-
metriosis, as well as less efficient elimination of retrograde menstruation caused by
anatomic proximity with the colon or decreased flow of peritoneal fluid on the left.34

Thus, laterality of dominant tumors may be more likely to be related to this cell of
origin.
Specifically, in a study of 1386 tumors, nondominant tumors were more likely to be

serous and stage III/IV. In addition, nondominant tumors were associated with BRCA
1/2 mutation carrier status, higher parity, and use of estrogen hormone therapy. The
association with BRCAmutations supports the now accepted theory that the distal fal-
lopian tube is the site of high-grade serous cancers among BRCA mutation carriers.60

In another study among 1771 patients with invasive epithelial ovarian cancer, 61%
were dominant, whereas 39% were nondominant. Reproductive factors such as tubal
ligation, 2 or more births, endometriosis, and age were more strongly associated with
dominant tumors than nondominant tumors,61 again supporting the role of reproduc-
tive factors in tumors with a non–fallopian tube site of origin. These large studies pro-
vide provocative evidence of different developmental pathways of ovarian tumors
based on a woman’s risk factor profile.60,61

Tumor aggressiveness
There is wide variation in length of ovarian cancer survivorship. Surveillance, Epidemi-
ology, and End Results (SEER) data from 1998 to 2007 indicated that 47.1% of pa-
tients died of ovarian cancer within 3 years of diagnosis versus 34.1% of patients
who survived longer than 10 years after diagnosis. In a combined analysis of 4 studies
(2 cohort and 2 case control) with a total of 4342 ovarian cases, cases were classified
as being rapidly fatal (ie, death within 3 years) or less aggressive disease (all others).
Older age (positive association) and OCP use (protective association) were more
strongly associated with rapidly fatal than less aggressive disease. Higher parity
was only associated with a decreased risk of less aggressive disease. Results were
consistent after accounting for differences in study design, geographic location, and
timing across cohorts, although sparse data on tumor grade and treatment prevented
rigorous consideration of these factors in analyses. Overall, these results may
contribute to development of primary prevention strategies for the most aggressive
cancers.35

GENETIC MUTATIONS AND PREDISPOSITION

Family history remains one of the strongest risk factors for epithelial ovarian cancer.
Women with a first-degree relative with ovarian cancer have a 3-fold increased risk
of developing the disease compared with women with no family history. Twin studies
indicate that inherited genetics are more significant than environmental and lifestyle
factors.62 BRCA1 and BRCA2 gene mutations are high-penetrant susceptibility genes
and the most influential predictors of inherited risk for ovarian cancer. About 15% of
patients with high-grade serous epithelial ovarian cancer have a germline mutation
in one of the BRCA genes.63 Women with BRCAmutations almost exclusively develop
serous histologic subtype disease.41 Consistent with this pattern, family histories of
breast and ovarian cancer were each associated with an increased risk of serous tu-
mors in the OC3. Family history of breast cancer was also associated with endome-
trioid carcinomas.31 The overall risk of ovarian cancer for a woman with a BRCA1
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mutation is approximately 39% to 46% and 10% to 27% for BRCA2mutation carriers
by age 70 years.64–67 In the general population, the estimated risk of carrying a BRCA
mutation varies between 1 in 300 and 1 in 800 individuals. However, in certain popu-
lations, such as Ashkenazi Jews, the mutations are found more frequently in about 1 in
40 individuals. Risk-reducing surgery for known BRCA carriers by bilateral salpingo-
oophorectomy has been successful in reducing epithelial ovarian cancer mortality.
Typically, surgery is recommended for BRCA1 carriers aged 35 to 40 years and
BRCA2 carriers aged 40 to 45 years, taking into account the patient’s future child-
bearing preferences.41

More recent evidence indicates that methylation of the BRCA1 promoter in white
blood cells (WBCs) is an additional factor influencing ovarian cancer risk. An anal-
ysis of blood samples obtained from 1541 women with ovarian cancer before
chemotherapy and 3682 matched controls found that most of the women, regard-
less of case-control status, had normal germline BRCA1 test results. However, 9%
of women with cancer had abnormal methylation in the BRCA1 promoter in circu-
lating WBCs compared with 4% of control participants. After adjusting for multiple
factors, the presence of methylated BRCA1 conferred a 3-fold higher risk of
ovarian cancer. If confirmed in prospective studies, systemic abnormal promoter
methylation of BRCA could be one of the strongest known risk factors beyond
germline BRCA mutations.68 Further, understanding of its relationship to different
histologic subtypes of disease would also elucidate the cause of ovarian
carcinogenesis.
All the known susceptibility alleles that have currently been identified account for

less than half of the heritable component of ovarian cancer, suggesting there are
more mutations to be discovered. Although clinical management of BRCA mutation
carriers is clear, clinical difficulties arise when counseling patients with
intermediate-risk susceptibility genes. These genes include FANCM, RAD51C,
RAD51D, BRIP1, and DNA mismatch repair genes (MLH1, MSH2, MSH6, PMS2).
The DNA mismatch repair genes are associated with the autosomal dominant,
inherited Lynch syndrome, which confers greater risk of gynecologic cancers,
with endometrial cancer remaining the most common, but also an increased risk
of ovarian cancer. Women with Lynch syndrome who develop ovarian cancer typi-
cally have nonserous histology with endometrioid and clear cell tumors as the most
common subtypes. Epithelial ovarian cancer risk is estimated to be 4% to 20% in
MLH1 carriers, 7.5% to 20% in MSH2 carriers, and up to 13.5% in MSH6 carriers.
PMS2 mutations account for very few cases. Genome-wide association studies
have identified 39 independent epithelial ovarian cancer risk regions, with each
risk region associated with only modest increased risk. All of these alleles have
been associated with high-grade serous epithelial ovarian cancer. In contrast with
high-penetrant genes, most of these common variant risk alleles are located in
the non–protein-coding regions of the genome, implying that epigenomic regulation
of 1 or more target genes is necessary and that they are not directly involved in DNA
repair.63 However, OncoArray and the Collaborative Oncological Gene-Environment
Study (OCAC) identified 30 epithelial ovarian cancer risk loci by genome-wide asso-
ciation studies and examined their associations with specific histologic subtypes.
They found that HOXD9 is a likely target susceptibility gene in both serous and
mucinous histologic subtypes that also affects focal adhesion within a cancer-
related pathway. HNF1B was downregulated in most serous ovarian cancers, but
overexpressed in clear cell ovarian carcinomas.69 Histologic subtype–specific
studies such as this one will help further the understanding of risk reduction given
the heterogeneity of ovarian cancer.
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SUMMARY AND RECOMMENDATIONS

This article indicates that, although epidemiologic studies have made strides in eluci-
dating variations in risk factor profiles according to several classifications of ovarian
cancer subtypes, much work is yet to be done to yield results that will shift clinical
practice. Current risk prediction models are not accurate enough to factor into deci-
sions about preventive treatment strategies. Following are several recommended
research priorities for epidemiologic studies to move closer toward clinical translation
potential.
Studies focused on understanding the genetic architecture of ovarian cancer, and

particularly ovarian cancer subtypes, are critical to establish effective risk-reduction
models. Further, research that goes beyond germline mutations to consider methyl-
ation and other DNA modifications, as well as downstream phenomena such as
RNA transcription, proteomics, and metabolomics, may be a fruitful approach to bet-
ter characterizing the variable role of genetics in ovarian carcinogenesis.
In addition, to complement gains in knowledge about the genetics of ovarian can-

cer, an important focus of epidemiologic research is discovery of novel nongenetic
risk factors, especially with regard to high-grade serous ovarian carcinoma, the
most common subtype with the most aggressive behavior but the least understood
risk factor profile. A more comprehensive understanding of the underlying biology link-
ing risk factors with specific disease subtypes will be critical for developing targeted
preventive interventions for women at high risk of ovarian cancer. This work has
already begun, with research examining psychosocial factors, environmental expo-
sures, and inflammation, among other factors. For example, there is evidence that
C-reactive protein may be more strongly related to risk of serous than nonserous can-
cer.70 However, to better elucidate these subtype-specific associations, larger con-
sortial studies are needed and thus greater collaboration among investigators and
institutions.
Further, investigators should consider whether the tumor subtype classifications

discussed in this article are optimal for clustering subtypes with a common cause,
or whether different approaches are warranted. It is possible that traditional disease
classification using pathology, molecular characteristics, and survival metrics do not
correlate well with tumor developmental biology or the risk factor profiles underlying
tumor development. New research focused on investigating the multitude of tumor
characteristics (eg, immunemarkers, microenvironment) will likely uncover new causal
factors.
In addition, the ultimate goal of the research recommended here is to improve the

ability to prevent ovarian cancer in individual women. Thus, epidemiologists will
need to collaborate with scientists in other fields (eg, biostatisticians, data scientists,
clinicians) to integrate data on genetics, other omics, and nongenetic risk factors to
improve individual-level risk prediction models and identification of women who will
benefit most from screening and risk-reducing surgeries.
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Abstract

Background The association between common benign gynecologic conditions and ovarian cancer remains under-studied in 

African Americans. Therefore, we examine the association between self-reported history of benign gynecologic conditions 

and epithelial ovarian cancer risk in African-American women.

Methods Data from a large population-based, multi-center case–control study of epithelial ovarian cancer in African-Amer-

ican women were analyzed to estimate the association between self-reported history of endometriosis, pelvic in!ammatory 

disease (PID), !broid, and ovarian cyst with epithelial ovarian cancer. Logistic regression was used to calculate odds ratios 

(OR) and 95% con!dence intervals (CI) for the associations between individual and composite gynecologic conditions and 

ovarian cancer.

Results 600 cases and 752 controls enrolled in the African American Cancer Epidemiology Study between 1 December 2010 

and 31 December 2015 comprised the study population. After adjusting for potential confounders, a history of endometriosis 

was associated with ovarian cancer (OR 1.78; 95% CI 1.09–2.90). A non-signi!cant association of similar magnitude was 

observed with PID (OR 1.33; 95% CI 0.82–2.16), while no association was observed in women with a history of !broid or 

ovarian cyst. A positive trend was observed for an increasing number of reported gynecologic conditions (p = 0.006) with 

consistency across histologic subtypes and among both oral contraceptive users and non-users.

Conclusion A self-reported history of endometriosis among African-American women was associated with increased risk 

of ovarian cancer. Having multiple benign gynecologic conditions also increased ovarian cancer risk.

Keywords Ovarian cancer · African-American · Endometriosis · Pelvic in!ammatory disease (PID) · Ovarian cyst · Uterine 

!broid · African-American Cancer Epidemiology Study (AACES)

Abbreviations

PID  Pelvic in!ammatory disease

OC  Oral contraceptive

AACES  African-American Cancer Epidemiology Study

SEER  Surveillance, Epidemiology, and End Results

AJCC  American Joint Committee on Cancer

OR  Odds ratio

CI  Con!dence interval

BMI  Body mass index

Introduction

Accumulating epidemiologic evidence suggests that endo-

metriosis is associated with approximately twofold increased 

risk of developing non-serous epithelial ovarian cancer 

[1–4]. Studying the pathophysiology and biologic risk fac-

tors associated with endometriosis has helped elucidate 

potential mechanisms of tumorigenesis in non-serous ovar-

ian cancer subtypes distinct from that of serous carcinoma. 

Chronic in!ammation, aberrant immune response, genetic 

alterations, and hormonal imbalance marked by excess estro-

gen have been implicated in the multi-step malignant trans-

formation of benign endometriotic cells [5–8]. The epide-

miologic linkage between endometriosis and ovarian cancer 

and the strength of the associations estimated from studies 
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of predominantly white women remain to be con!rmed in 

other race and ethnicities.

Other gynecologic conditions, such as pelvic in!am-

matory disease (PID) [9–11] and ovarian cyst [12], have 

been associated with increased risk of ovarian cancer in a 

small number of studies; however, !ndings are con!icting 

[4, 13–16]. The association between uterine !broids, a con-

dition which disproportionately a!ects African-American 

women [17, 18], and ovarian cancer is largely unknown. Any 

potential association observed between !broids and ovarian 

cancer may be modi!ed or confounded by increased rates 

of hysterectomy and procedure-related interruption of tubal 

patency and ovarian blood supply in women with !broids 

[19–21]. Similarly, oral contraceptive (OC) is frequently 

prescribed as treatment for benign gynecologic conditions, 

and OC use could potentially alter the ovarian cancer risk 

associated with benign gynecologic conditions.

The link between these common benign gynecologic 

conditions and ovarian cancer remains under-studied in 

African-Americans. In this study, we explore the relation-

ship between self-reported history of benign gynecologic 

conditions (endometriosis, PID, uterine !broid, and ovar-

ian cyst) and epithelial ovarian cancer in African-American 

women. While the exact biological etiologies remain to be 

fully elucidated, these gynecologic pathologies all a!ect a 

pro-in!ammatory milieu. The association between having 

multiple gynecologic conditions and ovarian cancer was 

also examined to assess the potential e!ect of the increased 

burden of in!ammation-related exposures.

Materials and methods

The data used in these analyses were collected as part of the 

African-American Cancer Epidemiology Study (AACES), 

a population-based, case–control study of ovarian cancer 

in African-American women from 11 geographic regions 

(Alabama, Georgia, Illinois, Louisiana, Michigan, New Jer-

sey, North Carolina, Ohio, South Carolina, Tennessee, and 

Texas). Study participants completed informed consent prior 

to enrollment in the study and institutional review board 

approval was obtained from all participating institutions. 

The methods of the study have been previously reported 

in detail [22], and a brief summary of the study methods 

follows.

Cases were identified through rapid case ascertain-

ment systems using either state cancer registries, Surveil-

lance, Epidemiology, and End Results (SEER) registries, 

or individual hospital registries. Inclusion criteria were as 

follows: self-identi!ed African-American/Black race, age 

20–79 years at diagnosis, pathology-con!rmed invasive epi-

thelial ovarian cancer diagnosis between 1 December 2010 

and 31 December 2015, and ability to complete an interview 

in English. Controls were identi!ed through random digit 

dialing and frequency matched to cases on 5-year age groups 

and geographic region. Controls were eligible if they had at 

least one intact ovary, self-identi!ed as African-American/

black race, and were 20–79 years at baseline interview. 

Accrual began in December 2010, and the current analyses 

include 600 cases and 752 controls enrolled in the study as 

of December 2017.

Participants were asked to complete a baseline inter-

viewer-administered, computer-assisted telephone survey. 

Information collected included demographic characteristics; 

reproductive, gynecologic and medical history; hormone 

use; family history of cancer; and lifestyle characteristics 

such as smoking, alcohol consumption, and physical activ-

ity. In addition, participants were asked if they had ever 

been diagnosed with endometriosis, PID, uterine !broid or 

ovarian cyst (yes/no). The interviewer provided a scripted 

description of the conditions if the participant was not famil-

iar with the medical terminology. If a participant reported 

a history of these conditions, she was asked to provide the 

age at !rst diagnosis. In our analyses, participants who 

were diagnosed with any gynecologic condition 1 year or 

less before ovarian cancer diagnosis (cases) or interview 

date (controls) were coded as not having the condition to 

reduce surveillance bias. A sensitivity analysis (diagnosis of 

gynecologic condition 3, 5, or 10 years or less before ovarian 

cancer diagnosis or baseline interview coded as not having 

the condition) was performed to evaluate the length of time 

between diagnosis of gynecologic condition and the referent 

date (ovarian cancer diagnosis or baseline interview) and its 

association with ovarian cancer risk.

Overall, 8.7% of cases and 2.5% of controls completed a 

shorter version of the survey. All variables examined in our 

analysis were ascertained in both the long and short ver-

sions of the survey. Missing data for endometriosis (4 cases), 

!broid (1 cases), PID (5 cases, 2 controls), and ovarian cyst 

(1 control) were conservatively coded as not having the 

condition. The distribution of demographic and descriptive 

characteristics, including frequency of reported gynecologic 

conditions, between cases and controls was compared using 

Student’s t-test and Chi-square test for continuous and cat-

egorical/ordinal variables, respectively. For cases, the mean 

age at ovarian cancer diagnosis was compared among those 

with and without a history of each gynecologic condition 

using Student’s t test. In addition, the distribution of his-

tologic subtype and American Joint Committee on Cancer 

(AJCC) stage was summarized by gynecologic condition.

Logistic regression analyses were performed to calculate 

odds ratios (OR) and 95% con!dence intervals (CI) for the 

associations between history of endometriosis, PID, uterine 

!broid or ovarian cyst and the risk of ovarian cancer. Known 

or potential confounders were selected a priori and included 

in the multivariable model as follows: reference age (age at 
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diagnosis for cases, age at baseline interview for controls) 

category (20–29, 30–49, 50–69, 70–79), geographic region 

(South/mid-Atlantic, South Central, Midwest), marital status 

(single/never married, married/living with partner, divorced/

separated/widowed), education (high school or less, some 

post-high school training, college or graduate degree), body 

mass index (BMI in kg/m2, continuous variable), parity (0, 

1, 2, 3 or more), tubal ligation (yes/no), duration of OC use 

(never, < 60 months, ≥ 60 months), !rst degree family his-

tory of breast or ovarian cancer (yes/no), talc use (never use, 

any genital use, non-genital use only), endometriosis (yes/

no), PID (yes/no), !broid (yes/no), and ovarian cyst (yes/no). 

An expanded regression model additionally included hyster-

ectomy status (yes/no) to examine the potential confounding 

e!ect of hysterectomy. Hysterectomy status was limited to 

those performed more than 1 year before the ovarian cancer 

diagnosis or baseline interview to reduce detection bias.

To explore a potential dose–response relationship, multi-

variable logistic regression analyses were performed to cal-

culate the association between the total number of benign 

conditions (0, 1, 2, or more) and risk of ovarian cancer. ORs 

are reported from categorical models and p values for trend 

are reported from continuous models to test for the linear 

trend related to an increasing number of benign conditions. 

The referent group was women with no history endometrio-

sis, PID, !broid, or ovarian cyst.

The association between the benign conditions and ovar-

ian cancer risk was further examined in a strati!ed analysis 

by histologic subtype (serous/non-serous). Non-serous sub-

types were further strati!ed into endometrioid, mucinous, 

clear cell, or other subtype in a supplemental analysis. In 

addition, the potential modifying e!ect of OC use on ovar-

ian cancer risk associated with gynecologic conditions was 

evaluated in a strati!ed analysis by history of OC use (never 

use/ever use). The interaction between history of OC use and 

gynecologic conditions was assessed by including a multi-

plicative term in the models. All statistical analyses were 

performed using SAS version 9.3 (Cary, North Carolina).

Results

600 cases and 752 controls were included in the analysis. 

Comparison of demographic and clinical characteristics 

of cases and controls is presented in Table 1. Cases were 

older, less likely to be married or living with a partner, and 

less likely to have post-high school education compared 

to controls. Cases also were more likely to report having a 

!rst degree female relative with breast or ovarian cancer, 

former smoking, genital talc use, and nulliparity, com-

pared to controls. Cases were less likely to report history 

of tubal ligation or OC use, but the proportion reporting 

hysterectomy was similar between the two groups. Cases 

were more likely to report endometriosis (8.2% vs. 4.4%, 

p = 0.004) and PID (7.3% vs. 4.7%, p = 0.037). There was 

no di!erence in the reporting of uterine !broid (41.7% 

vs. 36.6%, p = 0.056) and ovarian cyst between cases and 

controls (13.3% vs. 11.2%, p = 0.226).

The association between benign gynecologic conditions 

and risk of epithelial ovarian cancer is shown in Table 2. A 

history of endometriosis was associated with ovarian can-

cer (OR 1.78; 95% CI 1.09–2.90) after adjusting for age, 

study site, marital status, education, BMI, parity, tubal 

ligation, duration of OC use, family history of breast or 

ovarian cancer, talc use, and history of PID, !broid or 

ovarian cyst. The adjustment variables are all suggested 

risk factors for ovarian cancer and some are more common 

in the African American community. For example, talc use 

is highly prevalent in the African American community 

and excluding this variable over-estimated the associations 

in our analysis (data not shown).

An association was observed in women with a history 

of PID (OR 1.33; 95% CI 0.82–2.16), although the result 

did not reach statistical signi!cance. While no associa-

tion was observed in women with a history !broid (OR 

1.10; 95% CI 0.86–1.40) and ovarian cyst (OR 1.18; 95% 

CI 0.92–1.52), a positive trend of increasing OR was 

observed with increasing number of benign gynecologic 

conditions (p = 0.006). For women who reported 2 or more 

gynecological conditions, 31% had PID, 37% had endome-

triosis, 64% had cysts, and 93% had !broids. Direction and 

magnitude of associations remained essentially unchanged 

when hysterectomy status was included in the regression 

model or when the gynecologic diagnosis was censored at 

3, 5, and 10 years from the referent date (data not shown).

The relationship between benign gynecologic condi-

tions and epithelial ovarian cancer stratified by serous 

vs. non-serous histology is shown in Table 3. Endome-

triosis was associated with a near threefold increase in 

non-serous ovarian cancer (OR 2.80; 95% CI 1.53–5.10). 

Odds of serous ovarian cancer was also increased among 

women with a history of endometriosis, but the associa-

tion was not significant (OR 1.29; 95% CI 0.71–2.35). 

Similarly, non-significant associations were observed 

for PID with both serous (OR 1.65; 95% CI 0.98–2.79) 

and non-serous (OR 0.90; 95% CI 0.42–1.91) ovarian 

cancer. No histologic subtype-specific association was 

observed with history of fibroid, or ovarian cyst. The risk 

of both serous and non-serous ovarian cancer increased 

with increasing number of benign gynecologic con-

ditions. A history of 2 or more conditions was associ-

ated with a 1.5- to 2-fold increased risk of serous (OR 

1.51; 95% CI 1.00–2.29) and non-serous ovarian cancer 

(OR 2.13; 95% CI 1.32–3.46). Further analysis of non-

serous ovarian cancer stratified by histologic subtypes 

suggested positive associations between endometriosis 
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Table 1  Demographic and 

clinical characteristics of 

ovarian cancer cases and 

controls in the African 

American Cancer Epidemiology 

Study

Characteristics Total n = 1,352 (%) Cases n = 600 (%) Control n = 752 (%) p value

Age (mean years, range) 56.3 (20–79) 58.1 (20–79) 55.0 (20–79) < 0.001

BMI (kg/m2) 32.3 (14.8–78.3) 32.8 (14.8–74.4) 32.0 (15.9–78.3) 0.064

Marital status 0.001

 Single, never married 328 (24.3) 144 (24.0) 184 (24.5)

 Married or living with partner 509 (37.6) 197 (32.8) 312 (41.5)

 Divorced/separated or widowed 515 (38.1) 259 (43.2) 256 (34.0)

Education 0.021

 High school or less 550 (40.7) 269 (44.8) 281 (37.4)

 Some post-high school training 358 (26.5) 147 (24.5) 211 (28.1)

 College or graduate degree 444 (32.8) 184 (30.7) 260 (34.6)

Menstrual status 0.171

 Pre/peri-menopause 386 (28.6) 160 (26.7) 226 (30.1)

 Menopause 966 (71.4) 440 (73.3) 526 (69.9)

Medical history

 Pulmonary  diseasea 220 (16.3) 96 (16.0) 124 (16.5) 0.809

 Diabetes 315 (2,336) 137 (22.8) 178 (23.7) 0.718

 Cardiac  diseaseb 147 (10.9) 64 (10.7) 83 (11.0) 0.828

 Hypertension 829 (61.3) 403 (67.2) 426 (56.7) < 0.001

 Anemia 451 (33.3) 236 (39.3) 215 (28.6) < 0.001

1st degree female relative with 

breast/ovarian cancer

< 0.001

 Yes 292 (21.6) 158 (26.3) 134 (17.8)

 No 1,060 (78.4) 442 (73.7) 618 (82.2)

Cigarette smoking < 0.001

 Never smoker 769 (56.9) 332 (55.3) 437 (58.1)

 Current smoker 209 (15.5) 61 (10.2) 148 (19.7)

 Former smoker 374 (27.7) 207 (34.5) 167 (22.2)

Talc use < 0.001

 Never use 578 (42.8) 224 (37.3) 354 (47.1)

 Any genital use 519 (38.4) 264 (44.0) 255 (33.9)

 Non-genital use only 255 (18.9) 112 (18.7) 143 (19.0)

Parity (# of live births) 0.033

 0 207 (15.3) 111 (18.5) 96 (12.8)

 1 251 (18.6) 108 (18.0) 143 (19.0)

 2 345 (25.5) 144 (24.0) 201 (26.7)

 3+ 548 (40.6) 236 (39.4) 312 (41.5)

Tubal ligation 0.060

 Yes 513 (37.9) 211 (35.2) 302 (40.2)

 No 839 (62.1) 389 (64.8) 450 (59.8)

OC use < 0.001

 Never 346 (25.6) 188 (31.3) 158 (21.0)

 < 60 months 574 (42.5) 237 (39.5) 337 (44.8)

 ≥ 60 months 432 (32.0) 175 (29.2) 257 (34.2)

Hysterectomyc 0.605

 Yes 311 (23.0) 142 (23.7) 169 (22.5)

 No 1,041 (77.0) 458 (76.3) 583 (77.5)

Benign gynecologic  conditiond

 Endometriosis 82 (6.1) 49 (8.2) 33 (4.4) 0.004

 PID 79 (5.8) 44 (7.3) 35 (4.7) 0.037

 Fibroid 525 (38.8) 250 (41.7) 275 (36.6) 0.056

 Ovarian cyst 164 (12.1) 80 (13.3) 84 (11.2) 0.226
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Table 1  (continued) Characteristics Total n = 1,352 (%) Cases n = 600 (%) Control n = 752 (%) p value

Histology

 High-grade serous 365 (60.8)

 Low-grade serous 17 (2.8)

 Endometrioid 56 (9.3)

 Clear cell 20 (3.3)

 Mucinous 31 (5.2)

 Carcinosarcoma 16 (2.7)

 Othere 75 (12.5)

 Missing 20 (3.3)

Stage

 I/II 188 (31.3)

 III/IV 366 (61.0)

 Unknown 46 (7.7)

Missing or unknown data: BMI (4 cases, 1 control), parity (1 case)

BMI body mass index, OC oral contraceptive, PID pelvic in!ammatory disease
a Include asthma, emphysema, bronchitis
b Include angina, congestive heart failure, coronary artery disease
c Surgery completed > 1 year before ovarian cancer diagnosis or interview for indications other than ovarian 

cancer
d Diagnosis made > 1 year before ovarian cancer diagnosis or interview
e Include mixed, NOS, other invasive epithelial ovarian carcinoma, borderline serous

Table 2  Crude and adjusted odds ratios for the association between epithelial ovarian cancer and benign gynecologic conditions by type and 

number of condition

Diagnosis made > 1 year before ovarian cancer diagnosis or interview

OR odds ratio, CI con!dence interval, PID pelvic in!ammatory disease, # number
a Fully adjusted model—adjusted for age at diagnosis (cases)/interview (control), study site, marital status, education, BMI, parity, tubal liga-

tion, duration of oral contraceptive use, family history of breast or ovarian cancer, talc use, endometriosis, !broid, PID, ovarian cyst. OR for # of 

gynecologic conditions not adjusted for endometriosis, !broid, PID, ovarian cyst

Gynecologic conditions Cases (%) Control (%) Crude OR 95% CI Adjusted  ORa 95% CI

Type of gynecologic conditions

 Endometriosis

  No 551 (91.8) 719 (95.6) 1.00 Referent 1.00 Referent

  Yes 49 (8.2) 33 (4.4) 1.94 1.23–3.05 1.78 1.09–2.90

 PID

  No 556 (92.7) 717 (95.4) 1.00 Referent 1.00 Referent

  Yes 44 (7.3) 35 (4.7) 1.62 1.03–2.56 1.33 0.82–2.16

 Fibroid

  No 350 (58.3) 477 (63.4) 1.00 Referent 1.00 Referent

  Yes 250 (41.7) 275 (36.6) 1.24 0.99–1.54 1.10 0.86–1.40

 Ovarian cyst

  No 520 (86.7) 668 (88.8) 1.00 Referent 1.00 Referent

  Yes 80 (13.3) 84 (11.2) 1.22 0.88–1.70 1.18 0.83–1.69

 # of gynecologic conditions

  0 294 (49.0) 420 (55.9) 1.00 Referent 1.00 Referent

  1 214 (35.7) 255 (33.9) 1.20 0.95–1.52 1.18 0.92–1.52

  2+ 92 (15.3) 77 (10.2) 1.71 1.22–2.39 1.66 1.16–2.38

p trend = 0.002 p trend = 0.006
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and endometrioid (OR 5.17; 95% CI 2.30–11.64) and 

ovarian cysts with mucinous subtype (OR 3.35; 95% CI 

1.33–8.44) (Table S1).

In analyses stratified by history of OC use, there was 

no consistent pattern or evidence of strong effect modi-

fication by OC use on the association between benign 

gynecologic conditions and ovarian cancer risk (Table 4). 

The association between endometriosis and ovarian can-

cer was more pronounced among OC ever- vs. never-

users (OR 1.92; 95% CI 1.13–3.24 vs. OR 1.44; 95% CI 

0.34–6.31). However, for PID, fibroid, ovarian cyst, and 

a history of 2 or more benign conditions, the trend was 

reversed. Test of interaction was not significant for any 

gynecologic condition.

Discussion

In this analysis of a large, population-based case–con-

trol study of African-American women, a history of at 

least one benign gynecologic condition was reported by 

approximately half of cases and controls. We observed a 

consistent association between a history of endometriosis 

and epithelial ovarian cancer. A consistently positive but 

non-signi!cant association was observed with PID, while 

no apparent association was observed with !broid or ovar-

ian cyst. Having multiple conditions consistently showed 

a trend towards increased risk of ovarian cancer across 

histologic subtypes.

Table 3  Crude and adjusted 

odds ratios for the association 

between epithelial ovarian 

cancer and benign gynecologic 

conditions strati!ed by 

histologic subtypes (serous vs. 

non-serous)

Diagnosis made > 1 year before ovarian cancer diagnosis or interview

OR odds ratio, CI con!dence interval, PID pelvic in!ammatory disease
a Fully adjusted model—adjusted for age at diagnosis (cases)/interview (control), study site, marital status, 

education, BMI, parity, tubal ligation, duration of oral contraceptive use, family history of breast or ovarian 

cancer, talc use, endometriosis, !broid, PID, ovarian cyst. OR for # of gynecologic conditions not adjusted 

for endometriosis, !broid, PID, ovarian cyst

Benign gynecologic condition Histologic subtype Cases (%) Adjusted  ORa 95% CI

Endometriosis

 No Serous 362 (94.3) 1.00 Referent

 Yes 22 (5.7) 1.29 0.71–2.35

 No Non-serous 169 (86.2) 1.00 Referent

 Yes 27 (13.8) 2.80 1.53–5.10

PID

 No Serous 351 (91.4) 1.00 Referent

 Yes 33 (8.6) 1.65 0.98–2.79

 No Non-serous 185 (94.4) 1.00 Referent

 Yes 11 (5.6) 0.90 0.42–1.91

Fibroid

 No Serous 228 (59.4) 1.00 Referent

 Yes 156 (40.6) 1.08 0.82–1.43

 No Non-serous 109 (55.6) 1.00 Referent

 Yes 87 (44.4) 1.22 0.85–1.75

Ovarian cyst

 No Serous 335 (87.2) 1.00 Referent

 Yes 49 (12.8) 1.16 0.76–1.75

 No Non-serous 167 (85.2) 1.00 Referent

 Yes 29 (14.8) 1.13 0.68–1.90

# of gynecologic conditions

 0 Serous 192 (50.0) 1.00 Referent

 1 138 (35.9) 1.18 0.89–1.57

 2+ 54 (14.1) 1.51 1.00-2.29

p trend = 0.044

 0 Non-serous 91 (46.4) 1.00 Referent

 1 67 (34.2) 1.20 0.82–1.75

 2+ 38 (19.4) 2.13 1.32–3.46

p trend = 0.004
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The most consistent association in our study was observed 

in women with a history of endometriosis, with increased 

risk seen across multiple analyses despite the relatively 

small number of women with the condition. Positive asso-

ciations between endometriosis and clear cell and endome-

trioid subtypes con!rm !ndings previously reported in pop-

ulation-based studies of primarily white women [1–4]. The 

risk of ovarian cancer in women with endometriosis may 

vary depending on diagnostic criteria used (clinical only vs. 

surgical-pathological con!rmation), but approximate two-

fold increased risk observed in our study is consistent with 

!ndings from the majority of studies examining women with 

self-reported history of endometriosis (OR 1.3–1.9) [1, 4, 

23–26]. Women with a history of endometriosis also had 

higher odds of being diagnosed with serous ovarian cancer, 

but the association was not signi!cant. Association between 

endometriosis and serous ovarian cancer has not been estab-

lished in existing studies. A recent pooled analysis by Pearce 

et al. was the !rst to separately examine the association with 

high- vs. low-grade serous ovarian cancer and to report a 

positive association with only low-grade serous subtype [1]. 

Small sample size in our study precluded further strati!ca-

tion by tumor grade.

Despite the well-established epidemiologic linkage, 

underlying biological mechanisms driving the associa-

tion between endometriosis and non-serous ovarian cancer 

remain to be fully elucidated. Histologically, increased rates 

of severe atypia with or without complex hyperplasia has 

Table 4  Crude and adjusted odds ratios for the association between epithelial ovarian cancer and benign gynecologic conditions strati!ed by oral 

contraceptive use

Diagnosis made > 1 year before ovarian cancer diagnosis or interview

OR odds ratio, CI con!dence interval, dz. disease, PID pelvic in!ammatory disease
a Fully adjusted model—adjusted for age at diagnosis (cases)/interview (control), study site, marital status, education, BMI, parity, tubal ligation, 

family history of breast or ovarian cancer, talc use, endometriosis, !broid, PID, ovarian cyst. OR for # of gynecologic conditions not adjusted for 

endometriosis, !broid, PID, ovarian cyst

Benign gynecologic condition Oral contraceptive use Cases (%) Control (%) Adjusted  ORa 95% CI pinteraction

Endometriosis 0.450

 No OC never use 180 (95.7) 155 (98.1) 1.00 Referent

 Yes 8 (4.3) 3 (1.9) 1.45 0.34–6.31

 No OC ever use 371 (90.0) 564 (95.0) 1.00 Referent

 Yes 41 (10.0) 30 (5.1) 1.92 1.13–3.24

PID 0.197

 No OC never use 176 (93.6) 153 (96.8) 1.00 Referent

 Yes 12 (6.4) 5 (3.2) 1.87 0.59–5.95

 No OC ever use 380 (92.2) 564 (95.0) 1.00 Referent

 Yes 32 (7.8) 30 (5.1) 1.31 0.76–2.26

Fibroid 0.703

 No OC never use 118 (62.8) 116 (73.4) 1.00 Referent

 Yes 70 (37.2) 42 (26.6) 1.23 0.73–2.06

 No OC ever use 232 (56.3) 361 (60.8) 1.00 Referent

 Yes 180 (43.7) 233 (39.2) 1.06 0.80–1.40

Ovarian cyst 0.127

 No OC never use 160 (85.1) 146 (92.4) 1.00 Referent

 Yes 28 (14.9) 12 (7.6) 1.88 0.84–4.20

 No OC ever use 360 (87.4) 522 (87.9) 1.00 Referent

 Yes 52 (12.6) 72 (12.1) 1.00 0.66–1.51

# of gynecologic conditions 0.483

 0 OC never use 104 (55.3) 108 (68.4) 1.00 Referent

 1 57 (30.3) 39 (24.7) 1.38 0.81–2.33

 2+ 27 (14.4) 11 (7.0) 2.36 1.07–5.19

p trend = 0.024

 0 OC ever use 190 (46.1) 312 (52.5) 1.00 Referent

 1 157 (38.1) 216 (36.4) 1.12 0.84–1.50

 2+ 65 (15.8) 66 (11.1) 1.53 1.01–2.30

p trend = 0.055
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been observed in endometriotic implants adjacent to ovar-

ian carcinoma [2, 6]. This suggests a possible multi-step 

transformation from benign endometriotic cells to carcinoma 

aided by the pro-in!ammatory microenvironment, altered 

immune response, and hormonal imbalance. Molecular and 

genetic studies examining the association between endome-

triosis and ovarian cancer support the association [7].

We consistently observed an approximate 1.5-fold (up 

to 1.8-fold among OC never users) increase in ovarian can-

cer risk among women with a history of PID suggesting a 

modest association. Observed associations were not consist-

ently signi!cant, but this may be attributed to limitations 

in sample size and smaller e!ect size. A small number of 

case–control and cohort studies have found a 1.5- to twofold 

increased risk of ovarian cancer in women with a history 

of PID [9–11], but other studies have reported con!icting 

results [4, 13, 14]. A recent large pooled analysis of 13 

population-based case–control studies found no association 

between PID and overall ovarian cancer risk, but reported 

increased risks of low-grade serous and endometrioid sub-

types [23]. In our histologic subtype analyses, we observed 

a positive association with clear cell subtype, but not with 

endometrioid subtype. Possible linkage with low-grade 

serous, endometrioid and clear cell subtypes may suggest a 

shared pro-in!ammatory pathway with endometriosis. Sup-

plemental histologic subtype analysis was limited in sample 

size and exploratory in nature. These results must be inter-

preted with caution and await further con!rmation.

We did not !nd associations between overall ovarian can-

cer and a history of !broid or ovarian cyst, but increasing 

number of gynecologic conditions was consistently associ-

ated with increased risk of ovarian cancer, including both 

serous and non-serous subtypes. The risk associated with 

serous ovarian cancer in women with a history of multiple 

conditions was higher than individual associations observed 

in any one gynecologic condition. This observation may 

suggest a possible additive or synergistic e!ect on tumo-

rigenesis in!uenced by the pro-in!ammatory milieu from 

an increased burden in the number of benign conditions. 

Increased risk of serous ovarian cancer in women with other 

pro-in!ammatory risk factors has been reported, most nota-

bly in talc users [4, 24].

Direction and magnitude of association and underlying 

biological mechanism contributing to ovarian cancer tumo-

rigenesis are likely to vary by type of ovarian cyst pathol-

ogy. Ovarian cyst can represent a wide range of pathologies 

from functional cysts to benign tumors to endometriomas, 

which are a type of endometriosis. Existing results vary 

widely from minimal to no ovarian cancer risk associated 

with symptomatic functional or stable simple ovarian cyst 

to twofold or greater increased risk if concomitant infertility 

or endometrioma is present [15, 16, 25, 26]. An associa-

tion between ovarian cyst and mucinous ovarian cancer was 

observed in our histologic subtype analysis. The associa-

tion between a history of ovarian cyst and mucinous ovarian 

cancer has not been previously reported, but the linkage is 

biologically plausible. Positive associations between self-

reported history of ovarian cyst and mucinous borderline 

tumor, believed to be a precursor of invasive mucinous carci-

noma, have been reported [12, 16]. More studies are needed 

to identify the epidemiologic risk factors for mucinous carci-

noma, which appear to have molecular and genetic underpin-

nings distinct from other non-serous subtypes.

Overall, a history of OC use was common among both 

cases and controls, especially among women with gyneco-

logic conditions. The well-established protective e!ect of 

OC has been hypothesized to be mediated by ovulation 

suppression, reduction in gonadotropins, and increase in 

apoptosis induced by increased progestin level [27, 28]. In 

the presence of gynecologic disease, OC may further help 

modulate ovarian cancer development by preventing hormo-

nal stimulation of endometriotic cells, !broid, and ovarian 

cyst and reducing the risk of recurrent PID. We explored the 

e!ect of OC use on gynecologic condition-related ovarian 

cancer risk in a strati!ed analysis. Overall, OC use did not 

appear to have a strong or consistent in!uence on the pattern 

of associations between benign gynecologic conditions and 

ovarian cancer beyond the known general protective e!ect.

This study has limitations that should be considered when 

interpreting the !ndings. The prevalence of the gynecologic 

conditions was based on unveri!ed self-report and subject 

to misclassi!cation and recall bias. The misclassi!cation 

may be compounded by the relatively subjective nature of 

endometriosis or PID diagnosis. Additionally, endometrioma 

represents a type of ovarian cyst arising from endometrio-

sis and may be reported as a history of ovarian cyst alone. 

As we do not have information on the type of ovarian cyst 

in our study, we are not able to estimate the prevalence of 

this misclassi!cation. To reduce the potential surveillance 

bias, gynecologic conditions diagnosed within 1 year before 

ovarian cancer diagnosis or interview date were recoded as 

not having the condition. We cannot exclude the possibility 

of bias related to increased intensity and duration of sur-

veillance for more severe disease; however, cases were less 

likely to have had a health check-up within 2 years and a 

sensitivity analysis censoring gynecologic diagnosis to 3, 

5, or 10 years before ovarian cancer diagnosis demonstrated 

consistent associations. We also acknowledge that bias due 

to confounding by treatment of gynecologic conditions 

other than OC may exist. In our study, hysterectomy was not 

associated with ovarian cancer, nor did it appear to modify 

the association between benign gynecologic condition and 

ovarian cancer. The rate of unilateral oophorectomy among 

women with ovarian cysts was higher among controls (14 of 

84) compared to cases (6 of 85), but small numbers did not 

allow subgroup analysis.
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Our results represent !ndings from the largest case–con-

trol study of African-American women with ovarian can-

cer in the U.S. to date. Moreover, unlike reports from sec-

ondary analysis of other studies, AACES was speci!cally 

designed to investigate risk factors associated with ovarian 

cancer in African-American women. The large number of 

participants in our study allowed examination of associa-

tions between several common gynecologic conditions and 

ovarian cancer while adjusting for multiple confounders 

and known risk factors. In particular, talc powder use is 

highly prevalent in the African-American community and 

has been found to be associated with increased risk of 

ovarian cancer in this and other studies [4, 24, 29]. Indeed, 

regression models excluding talc use over-estimated the 

associations in our analyses.

In summary, we report positive associations between a 

self-reported history of endometriosis, and to a lesser degree 

PID, with ovarian cancer risk in African-American women 

similar to existing reports among non-African-American 

populations. Having more than one benign gynecologic 

condition also increased ovarian cancer risk.
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Six Persistent Research Misconceptions

Kenneth J. Rothman, DrPH
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Scientific knowledge changes rapidly, but the concepts
and methods of the conduct of research change more
slowly. To stimulate discussion of outmoded thinking
regarding the conduct of research, I list six misconcep-
tions about research that persist long after their flaws
have become apparent. The misconceptions are: 1)
There is a hierarchy of study designs; randomized trials
provide the greatest validity, followed by cohort studies,
with case–control studies being least reliable. 2) An
essential element for valid generalization is that the
study subjects constitute a representative sample of a
target population. 3) If a term that denotes the product
of two factors in a regression model is not statistically
significant, then there is no biologic interaction between
those factors. 4) When categorizing a continuous vari-
able, a reasonable scheme for choosing category cut-
points is to use percentile-defined boundaries, such as
quartiles or quintiles of the distribution. 5) One should
always report P values or confidence intervals that have
been adjusted for multiple comparisons. 6) Significance
testing is useful and important for the interpretation of
data. These misconceptions have been perpetuated in
journals, classrooms and textbooks. They persist be-
cause they represent intellectual shortcuts that avoid
more thoughtful approaches to research problems. I
hope that calling attention to these misconceptions will
spark the debates needed to shelve these outmoded
ideas for good.

KEY WORDS: study design; data interpretation; epidemiologic methods;

representativeness; evaluation of interaction; multiple comparisons;

percentile boundaries; statistical significance testing.
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A
surprising number of misconceptions persist in the

conduct of research involving human subjects. Some

persist despite teachings to the contrary, and some because

of teachings that should be to the contrary. To spark

discussion of these issues, I list here six persistent research

misconceptions, and offer a capsule summary of the

problems with each of them.

Misconception 1. There is a hierarchy of study designs;

randomized trials provide the greatest validity, followed by

cohort studies, with case–control studies being least reliable.

Randomized trials, though often considered the “gold

standard” of study types, are not perfect, even in concept.

Furthermore, the premise that the comparative validity of

study results can be inferred from the type of study is wrong.

Although some believe that evidence from a randomized

trial is as compelling as a logical proof, no empirical finding

can provide absolute certainty. If randomized trials were

perfect, how could they give divergent results? In fact, they

are subject to various errors.1 Obviously there is random

error, as one would expect from a study based on random

assignment. But there is also systematic error, or bias. For

example, randomized trials are usually analyzed using the

“intent to treat” principle, which compares the groups that

are initially assigned by randomization, regardless of any

subsequent non-adherence. Non-adherence results in under-

estimation of any treatment effect. This bias is usually

considered acceptable because it is outweighed by the

advantages achieved by random assignment. Underestima-

tion of effects, however, is not acceptable in a safety trial

aimed at uncovering adverse effects of the treatment.

Another important source of bias in a randomized trial

comes from errors in assessing the outcome, such as

undercounting of outcome events. Also, even if randomi-

zation provides a balance of risk factors between groups at

the start of the trial, with extended follow-up, the study

groups may become progressively imbalanced through

differential attrition or changes in risk factor distributions.

With long-term trials, the benefits of random assignment

may therefore fade with time.

In short, trials are far from perfect. Furthermore, both

cohort and case–control studies will yield valid results when

properly designed and carried out. Therefore, mindlessly

ascribing greater validity to a study based on a hierarchy of

designs2,3 is fallacious. For example, the relation between

cigarette smoking and lung cancer is well established, based

on findings from cohort and case–control studies. The

connection was never shown clearly in a randomized trial. It

is not easy to assign people randomly to smoke or not

smoke; however, when smoking cessation was studied as

part of a multi-pronged intervention in the randomized

Multiple Risk Factor Intervention Trial,4 those who were
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problem is that interaction is usually evaluated through

regression models, in which the product term addresses

statistical interaction rather than biologic interaction.

Biologic interaction refers to two or more causes acting

in the same mechanism, with effects that are mutually

dependent. It describes a state of nature. If basic effects are

measured as changes in disease risk, synergistic (i.e.

positive) biologic interaction is present when the joint

effect of two causal factors is more than the sum of their

effects acting separately.17 In contrast, statistical interaction

does not describe nature; it describes a mathematical model.

It is typically assessed with a product term for two variables

in a regression model. Its magnitude depends on the choice

of measures and scale of measurement. Statistical interac-

tion implies only that the basic functional form of a specific

mathematical model is not an apt description of the relation

among variables. Two factors that show biologic interaction

may or may not exhibit statistical interaction, depending on

the model used.

Product terms in regression models have units that can

defy interpretation. If one variable is fat consumption,

measured in grams per day, and another variable is pack-

years of cigarettes smoked, what is the interpretation of a

variable that has units of grams/day multiplied by pack-

years? The challenge of interpreting such product term

coefficients has fostered a focus on the p value accompa-

nying the coefficient, rather than the magnitude of the

coefficient itself. Focusing on the pvalue, or on whether the

coefficient of a product term is statistically significant, only

worsens the problem of mistaking statistical interaction for

biologic interaction (see misconception 6). A more mean-

ingful assessment of interaction would be to focus on the

proportion of cases of a disease that one could attribute to

biologic interaction.17,18

Consider a simple example from the TREAT trial (Trial to

Reduce Cardiovascular Events with Aranesp Therapy),19

which evaluated the risk of stroke among 4,038 patients with

diabetes mellitus, chronic kidney disease, and anemia ran-

domized to receive darbepoetin alfa or placebo. Among

patients without a history of stroke, the risk of stroke during

the study period was 2 % among patients receiving placebo

and 4 % among patients receiving darbepoeitin alfa. Among

patients with a history of stroke, the corresponding risks were

4 % and 12 %. The authors noted that the risk increase was

greater for darbepoeitin alfa among those with a history of

stroke, but they dismissed this interaction because the product

term in a logistic regression model was not statistically

significant. The increased risk attributable to darbepoeitin alfa

was 2 % in the patients without a history of stroke and 8 %

among patients with a history of stroke, indicating strong

biologic interaction between darbepoeitin alfa and history of

stroke. If the risks were merely additive, the risk would be 6 %

among those with both risk factors, instead of the actual 12 %.

Thus, half of the risk among those with both risk factors

appears attributable to biologic interaction, despite the

authors’ claim that there was no interaction.

Misconception 4. When categorizing a continuous variable,

a reasonable scheme for choosing category cut-points is to

use percentile-defined boundaries, such as quartiles or

quintiles of the distribution.

There are two reasons why using percentiles is a poor

method for choosing category boundaries. First, these bound-

aries may not correspond to the parts of the distribution where

biologically meaningful changes occur. Suppose you were

conducting a study of vitamin C intake and scurvy risk in the

U.S. If you decided to categorize vitamin C intake by quintiles,

you would find that the entire relation between vitamin C

consumption and scurvy was confined to the lowest quintile,

and within that category, to only a small proportion of people

who were outliers in their low vitamin C intake. 10 mg/day of

vitamin C can prevent scurvy, but those consuming less than

that represent a fraction of 1 % of the population in the U. S.20

Using percentile-based categories would make it impossible to

find the effect of inadequate vitamin C intake on scurvy risk,

because all intake above 10 mg/d is essentially equivalent. If

we routinely use percentile cut-points, we may not know if we

are facing the same problem as we would face in the study of

vitamin C and scurvy. A more effective alternative would be to

begin with many narrow categories, merging neighboring

categories until meaningful breaks in risk become evident.

The second problem with percentile-based categories is the

difficulty in comparing results across studies, because catego-

ries across studies using percentile category boundaries are

unlikely to correspond. This problem can be averted by

expressing boundary points in terms of the natural units of the

variable (such as mg/d for vitamin C intake). It is also useful to

report within-category means or medians.

Misconception 5. One should always report P values or

confidence intervals that have been adjusted for multiple

comparisons.

Traditional adjustments for multiple comparisons involve

inflating the P value or the width of a confidence interval

according to the number of comparisons conducted. If one

is analyzing biological data that are replete with actual

associations, the premise for traditional adjustments is

shaky and the adjustments are difficult to defend. The

concern for multiple comparisons stems from fear of finding

falsely significant findings (type I errors in the lingo of

statistics). In misconception 6, we discuss the problems

with using statistical significance testing for data analysis in

the first place. But before considering those problems, let us

consider the rationale for adjusting reported results for

multiple comparisons.

Despite the fact that a single significance test is intended

to have a 5 % probability (at the conventionally used level)

of being significant when the null hypothesis is true, and
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statistical significance testing. Most of these errors could be

avoided if the focus were shifted from statistical testing to

estimation.

CONCLUSION

Why do such important misconceptions about research

persist? To a large extent these misconceptions represent

substitutes for more thoughtful and difficult tasks. It is simpler

to resolve a discrepancy between a trial and a nonexperimental

study in favor of the trial, without undertaking the laborious

analysis that Hernan et al. did.10 It is easy to declare that a

result is not statistically significant, falsely implying that there

is no indication of an association, rather than to consider

quantitatively the range of associations that the data actually

support. These misconceptions involve taking the low road,

but when that road is crowded with others taking the same

path, there may be little reason to question the route. Indeed,

these misconceptions are often perpetuated in journals,

classrooms and textbooks. I believe that the best prospect for

improvement is to raise consciousness about the issues, with

reasoned debate. Max Planck once said, “A new scientific

truth does not triumph by convincing its opponents and

making them see the light, but rather because its opponents

eventually die, and a new generation grows up that is familiar

with it.”31 To the extent that this cynical view is correct, we

can expect to see outmoded concepts fade away slowly at best.

I hope that calling attention to these misconceptions will spark

the needed debates and be a catalyst for change.
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Whether a P value is small or large, caution 
is warranted.

We must learn to embrace uncertainty. 
One practical way to do so is to rename con-
fidence intervals as ‘compatibility intervals’ 
and interpret them in a way that avoids over-
confidence. Specifically, we recommend that 
authors describe the practical implications 
of all values inside the interval, especially 
the observed effect (or point estimate) and 
the limits. In doing so, they should remem-
ber that all the values between the interval’s 
limits are reasonably compatible with the 
data, given the statistical assumptions used 
to compute the interval7,10. Therefore, sin-
gling out one particular value (such as the 
null value) in the interval as ‘shown’ makes 
no sense. 

We’re frankly sick of seeing such non-
sensical ‘proofs of the null’ and claims of 
non-association in presentations, research 
articles, reviews and instructional materials. 
An interval that contains the null value will 
often also contain non-null values of high 
practical importance. That said, if you deem 
all of the values inside the interval to be prac-
tically unimportant, you might then be able 
to say something like ‘our results are most 
compatible with no important effect’.

When talking about compatibility inter-
vals, bear in mind four things. First, just 
because the interval gives the values most 
compatible with the data, given the assump-
tions, it doesn’t mean values outside it are 
incompatible; they are just less compatible. 
In fact, values just outside the interval do not 
differ substantively from those just inside 
the interval. It is thus wrong to claim that an 
interval shows all possible values.

Second, not all values inside are equally 
compatible with the data, given the assump-
tions. The point estimate is the most compat-
ible, and values near it are more compatible 
than those near the limits. This is why we 
urge authors to discuss the point estimate, 
even when they have a large P value or a wide 
interval, as well as discussing the limits of 
that interval. For example, the authors above 
could have written: ‘Like a previous study, 
our results suggest a 20% increase in risk 
of new-onset atrial fibrillation in patients 
given the anti-inflammatory drugs. None-
theless, a risk difference ranging from a 3% 
decrease, a small negative association, to a 
48% increase, a substantial positive associa-
tion, is also reasonably compatible with our 
data, given our assumptions.’ Interpreting 
the point estimate, while acknowledging 
its uncertainty, will keep you from making 
false declarations of ‘no difference’, and from 
making overconfident claims.

Third, like the 0.05 threshold from which 
it came, the default 95% used to compute 
intervals is itself an arbitrary convention. It 
is based on the false idea that there is a 95% 
chance that the computed interval itself con-
tains the true value, coupled with the vague 

feeling that this is a basis for a confident 
decision. A different level can be justified, 
depending on the application. And, as in the 
anti-inflammatory-drugs example, interval 
estimates can perpetuate the problems of 
statistical significance when the dichotomi-
zation they impose is treated as a scientific 
standard. 

Last, and most important of all, be 
humble: compatibility assessments hinge 
on the correctness of the statistical assump-
tions used to compute the interval. In prac-
tice, these assumptions are at best subject to 
considerable uncertainty7,8,10. Make these 
assumptions as clear as possible and test the 
ones you can, for example by plotting your 
data and by fitting alternative models, and 
then reporting all results.

Whatever the statistics show, it is fine to 
suggest reasons for your results, but discuss 
a range of potential explanations, not just 
favoured ones. Inferences should be scien-
tific, and that goes far beyond the merely 
statistical. Factors such as background 
evidence, study design, data quality and 
understanding of underlying mechanisms 
are often more important than statistical 
measures such as P values or intervals.

The objection we hear most against 
retiring statistical significance is that it is 
needed to make yes-or-no decisions. But 
for the choices often required in regula-
tory, policy and business environments, 
decisions based on the costs, benefits and 
likelihoods of all potential consequences 
always beat those made based solely on 
statistical significance. Moreover, for deci-
sions about whether to pursue a research 
idea further, there is no simple connection 
between a P value and the probable results 
of subsequent studies. 

What will retiring statistical significance 
look like? We hope that methods sections 

and data tabulation will be more detailed 
and nuanced. Authors will emphasize their 
estimates and the uncertainty in them — for 
example, by explicitly discussing the lower 
and upper limits of their intervals. They will 
not rely on significance tests. When P values 
are reported, they will be given with sensible 
precision (for example, P = 0.021 or P = 0.13) 
— without adornments such as stars or let-
ters to denote statistical significance and not 
as binary inequalities (P < 0.05 or P > 0.05). 
Decisions to interpret or to publish results 
will not be based on statistical thresholds. 
People will spend less time with statistical 
software, and more time thinking.

Our call to retire statistical significance 
and to use confidence intervals as compat-
ibility intervals is not a panacea. Although it 
will eliminate many bad practices, it could 
well introduce new ones. Thus, monitoring 
the literature for statistical abuses should be 
an ongoing priority for the scientific com-
munity. But eradicating categorization will 
help to halt overconfident claims, unwar-
ranted declarations of ‘no difference’ and 
absurd statements about ‘replication failure’ 
when the results from the original and rep-
lication studies are highly compatible. The 
misuse of statistical significance has done 
much harm to the scientific community and 
those who rely on scientific advice. P values, 
intervals and other statistical measures all 
have their place, but it’s time for statistical 
significance to go. ■
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Synopsis

Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA), the 
Minister of the Environment and the Minister of Health have conducted a screening 
assessment of talc. The Chemical Abstracts Service Registry Number (CAS RN1) for 
talc is 14807-96-6. This substance is among those substances identified as priorities for 
assessment as it met categorization criteria under subsection 73(1) of CEPA.

Talc is a naturally occurring mineral. According to information reported under section 71 
of CEPA and publically available information, in 2011 talc was manufactured in Canada 
in quantities ranging between 50 to 75 million kg, and in 2016, approximately 100 million 
kg of talc was imported. In Canada talc is used in adhesives and sealants; automotive, 
aircraft, and transportation applications; building and construction materials; ceramics; 
electrical and electronics; textiles; floor coverings; ink, toner, and colourants; lubricants 
and greases; oil and natural gas extraction applications; paints and coatings; paper and 
paper products, mixtures, and manufactured items; plastic and rubber materials; toys, 
playground, and sporting equipment; and in water treatment. The major uses in Canada 
align with major global uses of talc. Talc is an ingredient in self-care products and is a 
permitted food additive. In North America, approximately 3 to 4 % of the talc produced 
and sold is used in cosmetics. High-purity talc is used in cosmetics, while lower-grade 
talc is used in commercial applications.  

The ecological risk of talc was characterized using the Ecological Risk Classification of 
Inorganic Substances (ERC-I) approach. The ERC-I is a risk-based approach that 
employs multiple metrics, considering both hazard and exposure in a weight of 
evidence. Hazard characterization in ERC-I included a survey of past predicted no-
effect concentrations (PNECs) and water quality guidelines, or the derivation of new 
PNEC values when required. Exposure profiling in ERC-I considered two approaches: 
predictive modelling using a generic near-field exposure model for each substance, and 
an analysis of measured concentrations collected by federal and provincial water quality 
monitoring programs. Modelled and measured predicted environment concentrations 
(PECs) were compared to PNECs, and multiple statistical metrics were computed and 
compared to decision criteria to classify the potential for causing harm to the 
environment. The ERC-I identified talc as having a low potential to cause ecological 
harm.

Considering all available lines of evidence presented in this draft screening assessment, 
there is a low risk of harm to the environment from talc. It is proposed to conclude that 
talc does not meet the criteria under paragraphs 64(a) or (b) of CEPA as it is not 
entering the environment in a quantity or concentration or under conditions that have or 

1 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and 
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the 
Government of Canada when the information and the reports are required by law or administrative policy, is not 
permitted without the prior written permission of the American Chemical Society.
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may have an immediate or long-term harmful effect on the environment or its biological 
diversity or that constitute or may constitute a danger to the environment on which life 
depends. 

Talc has been reviewed internationally by other organizations, including the 
International Agency for Research on Cancer (IARC) and the Danish Environmental 
Protection Agency. These assessments informed the human health risk assessment.  

No critical health effects were identified via the oral or dermal routes of exposure. As 
such, oral exposure to talc resulting from food intake and self-care products is not of 
concern. Inhalation exposure from industrial and commercial uses of talc was not 
identified to be of concern for human health given the

 Rather, the focus of the assessment is on inhalation and 
perineal exposure to certain self-care products containing cosmetic- or pharmaceutical-
grade talc.   

With respect to inhalation exposure, non-cancer lung effects were identified as a critical 
health effect for risk characterization on the basis of United States National Toxicology 
Program studies conducted with rats and mice exposed to cosmetic-grade talc. There is 
potential for inhalation exposure to talc powder during the use of certain self-care 
products (e.g., cosmetics, natural health products, non-prescription drugs formulated as 
loose powders). Self-care products formulated as pressed powders (e.g., face makeup) 
are not of concern. Margins of exposure between air concentrations following the use of 
dry hair shampoo and critical lung effects observed in animal studies are considered 
adequate to address uncertainties in the health effects and exposure databases. 
Margins of exposure between air concentrations following the use of loose powders 
(e.g., body powder, baby powder, face powder, foot powder) and critical lung effect 
levels observed in animal studies are considered potentially inadequate to address 
uncertainties in the health effects and exposure databases.  

The meta-analyses of the available human studies in the peer-reviewed literature 
indicate a consistent and statistically significant positive association between perineal 
exposure to talc and ovarian cancer. Further, available data are indicative of a causal 
effect. Given that there is potential for perineal exposure to talc from the use of various 
self-care products (e.g., body powder, baby powder, diaper and rash creams, genital 
antiperspirants and deodorants, body wipes, bath bombs), a potential concern for 
human health has been identified.  

Based on the available information, it is proposed that there is potential for harm to 
human health in Canada at current levels of exposure. Therefore, on the basis of the 
information presented in this draft screening assessment, it is proposed to conclude that 
talc meets the criteria under paragraph 64(c) of CEPA as it is entering or may enter the 
environment in a quantity or concentration or under conditions that constitute or may 
constitute a danger in Canada to human life or health. 
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It is therefore proposed to conclude that talc meets one of the criteria set out in section 
64 of CEPA. 

Talc is proposed to meet the persistence criteria but not the bioaccumulation criteria as 
set out in the Persistence and Bioaccumulation Regulations of CEPA. 
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Table 3-1. Talc is hydrophobic and lipophilic (Kogel et al. 2006). 
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mixtures, or manufactured items; plastic and rubber materials; toys, playground, and 
sporting equipment; and in water treatment.   

Talc is a formulant in pest control products registered in Canada (Health Canada 2010, 
Personal communication, email from the Pest Management Regulatory Agency, Health 
Canada to the Risk Management Bureau, Health Canada, dated March 29, 2017; 
unreferenced). 

Additionally, in Canada talc is on the List of Permitted Food Additives with Other 
Accepted Uses for limited uses in a small number of foods (Health Canada [modified 
2017]). Talc can be used as a coating agent on dried legumes and rice and as a filler 
and dusting powder for chewing gum as per the List of Permitted Food Additives with 
Other Accepted Uses, incorporated by reference into its respective Marketing 
Authorization issued under the Food and Drugs Act. It may be present in food 
packaging materials and in incidental additives5 used in food processing establishments 
(email from the Food Directorate, Health Canada, to Existing Substances Risk 
Assessment Bureau, Health Canada, dated March 31, 2017; unreferenced).  

Talc is present in approximately 8500 self-care products.6 Talc is marketed or approved 
as a non-medicinal ingredient in approximately 1600 human and veterinary drug 
products in Canada, including approximately 150 over-the-counter (OTC) or non-
prescription products (

). Talc is listed in the Natural Health Products Ingredients Database 
(NHPID [modified 2018]) with a medicinal role and classified as a natural health product 
(NHP) substance falling under item 7 (a mineral) of Schedule 1 to the Natural Health 
Products Regulations and with a non-medicinal role (NHPID [modified 2018]). Talc is 
listed in the Licensed Natural Health Products Database (LNHPD) as being present as a 
medicinal or non-medicinal ingredient, in currently licensed natural health products in 
Canada (LNHPD [modified 2018]). Talc is present as a medicinal or a non-medicinal 
ingredient in approximately 2000 active licensed NHPs. Talc is listed as a medicinal 
ingredient in diaper rash products in concentrations ranging from 45 to 100 % in the 
Diaper Rash Monograph (Heath Canada 2007);

. Talc is permitted as a medicinal ingredient in the monograph for 
Traditional Chinese Medicine Ingredients (Health Canada 2015). 

5 While not defined under the Food and Drugs Act (FDA), incidental additives may be regarded, for administrative 
purposes, as those substances that are used in food processing plants and that may potentially become adventitious 
residues in foods (e.g., cleaners, sanitizers).

6 Self-care products are products available for purchase without a prescription from a doctor, and fall into one of three 
broad categories: cosmetics, natural health products, and non-prescription drugs. 

Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 166 of 200 PageID:
 34021



Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 167 of 200 PageID:
 34022



Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 168 of 200 PageID:
 34023



Draft Screening Assessment - Talc

9 

The health effects of talc are outlined by route of exposure in the following sections. 

Toxicokinetics 

Talc is poorly absorbed via the oral route of exposure. Following gavage administration 
of radiolabelled talc to rodents, the majority of the administered dose (AD) remained in 

 95.8 % 
of AD) within three to four days of dosing (Wehner et al. 1977a; Phillips et al. 1978). 
Less than 2 % of the AD was recovered in the urine; however, this was mainly attributed 
to contamination from faeces during collection, with true absorption and urinary 
clearance expected to be even lower. At 24 hours post administration, less than 2 % of 
the AD remained in the carcass of hamsters; no radioactivity was detected in mouse 
carcasses at this time point. In rats and guinea pigs, only trace amounts of radioactivity 
remained in the GI tract at 10 days post administration.  

As an insoluble solid, talc is not expected to be absorbed when applied to healthy and 
intact skin. There are no indications of dermal absorption following talc exposure (MAK‐

Commission 2012). 

Inhalable talc particles (<10 µm) are eliminated from the respiratory tract via mucociliary 
clearance. In female Syrian hamsters that were administered aerosolized neutron-
activated cosmetic talc at concentrations of 40 to 75 mg/m3 (95% pure; MMAD 6.4 to 
6.9 µm) over a 2-hour exposure period, 6 to 8 % of the AD was deposited into the 
alveoli (Wehner et al. 1977b). The biological half-life following a single exposure was 
estimated to be between 7 and 10 days, with complete alveolar clearance after 4 
months. There was no translocation of talc from the respiratory tract to the liver, 
kidneys, ovaries, or other parts of the body. Lung clearance was noted to be longer in 
other species. The Danish EPA (2016) noted that talc, including the respirable fraction 
(< 4 µm), is not absorbed following inhalation, but is retained in the lung tissue. They 
further stated that lung burdens were proportional to respired concentrations, and 
clearance became impaired with increasing exposures. Pulmonary retention half-lives 
for talc particles in the lungs of rats from a chronic inhalation study were estimated to be 
as long as 300 days (Oberdorster 1995). Other authors (Pickrell 1989; MAK‐

Commission 2012) noted similar findings indicating that with repeat exposures, alveolar 
clearance in rats may be impaired at concentrations of only 2 mg talc/m3 air.  

Talc particles have been observed and detected in the ovaries of humans (Heller et al. 
1996a, 1996b), and perineal exposure to talc has also been associated with a presence 
of talc in lymph nodes and ovaries of women diagnosed with ovarian cancer (Heller et 
al. 1996b; Cramer et al. 2007). Migration of talc particles from the vagina to the ovaries 
has been identified as a plausible explanation of these findings (Henderson et al., 
1986), and retrograde movement of talc particles in humans through the reproductive 
tract to the ovaries has been suggested (Heller et al. 1996b; Cramer et al. 2007). Inert 

can be transported to the upper genital tract (Egli and Newton 1961; De Boer 1972; 
Venter and Iturralde 1979).  
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According to a review by the MAK-Commission (2012), there are no indications of 
metabolism via typical degradation pathways from which toxicologically relevant 
degradation products may develop. 

Health Effects 

Oral route of exposure 

Talc was considered be of low concern with respect to human health via oral exposure. 
Repeated-dose testing with talc in animals did not produce any adverse effects via oral 
exposure with respect to repeated-dose toxicity, carcinogenicity, 
reproductive/developmental toxicity, or mutagenicity (Gibel et al. 1976; Wagner et al. 
1977; NTP 1993; IARC 2010; Danish EPA 2016). 

Talc has not been shown to produce adverse effects when ingested orally; as a result, 
the use of talc in various tablet formulations was not considered hazardous via the 
ingestion route (Hollinger 1990; U.S. EPA 1992).  

In addition, the Commission  on Dietary Food 
Additive Intake in the European Union identified talc as having an Acceptable Daily 
Intake (ADI) of -specified. The JECFA has also assessed talc and assigned an ADI 

of toxicity from oral exposure. The substance was 
considered not to be a hazard to human health at oral intake levels noted in total diet 
surveys, which represent the majority of the sources of oral exposure for this substance 
(IARC 1987; EU [modified 2001]). 

as a food additive in the United States (U.S. FDA GRAS 
list) without being subject to pre-market approval requirements (U.S. FDA 2015; 2016).  

Dermal route of exposure 

There are limited data available on repeated-dose studies via dermal exposure to talc 
(Danish EPA 2016). In the available literature, only one repeated-dose dermal toxicity 
study was identified (Wadaan 2009). Severe limitations were noted for this study, 
including a lack of information on the test substance and the dose applied, as well as a 
lack of detail regarding the test animals. Skin dryness and erosion were noted; however, 
application sites were shaved, indicating that talc may have been applied to broken skin. 
As such, the results of this study were not considered appropriate to inform the 
characterization of health effects via dermal exposure. Additionally, there were no 
indications of irritation, sensitization, or dermal absorption following exposure to 
unabraded and/or non-diseased skin (MAK‐Commission 2012). A three-day occlusive 
application of pharmaceutical-grade talc did not show any signs of irritation in 5 human 
volunteers (Frosch and Kligman 1976, as reported in MAK‐Commission 2012). 

Case reports, however, do indicate that the application of talc to diseased or broken 
skin can cause the formation of granulomas, particularly if the talc particles have a large 
diameter (MAK‐Commission 2012; CIR 2013; Fiume et al. 2015). Granulomas have 
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been observed in the umbilical regions of infants, in the testes, on the vocal cords, in 
the urinary tract, and during phlebectomies following contact with talc-powdered surgical 
gloves (Ramlet 1991, Simsek et al. 1992, as reported in MAK‐Commission 2012). As a 
result, the talc should not be used on skin where the epidermal 
barrier is removed or on skin that has 

Although dermal contact with talc is expected from the use of various products available 
to consumers, talc is a solid powder that is insoluble in water (Table 3-1). As a result, it 
cannot readily penetrate intact skin, and therefore systemic absorption through the skin 
is not expected. Consistent with other international regulatory and advisory bodies 
(Danish EPA, U.S. EPA, MAK-Commission, U.S. FDA, and JECFA), a dermal health 
effects endpoint has not been identified for talc.   

Inhalation route of exposure 

Human studies 

The Danish EPA (2016) noted that talc is not absorbed via inhalation. Rather, particles 
are retained in the lung, and lung burdens increase proportionally with exposure 
concentrations or frequency. The report detailed epidemiological data that noted 
mortalities in workers due to lung diseases, following exposures to talc. However, it was 
stated that there was no increase in the lung cancer rate in talc millers in the absence of 
exposure to carcinogens. A recent meta-analysis by Chang and colleagues (2017) 
reported a positive association with lung cancer in workers exposed to talc; however, 
co-exposure to other hazardous materials in the workplace and smoking were not 
adequately accounted for. 

The chronic inhalation of talc leads to lung function disorders and fibrotic changes in 
humans. Since talc particles are persistent, particles accumulate in human lung tissue. 
This accumulation may lead to both an impairment of the self-purification function 
(reduced ability to fight infections) and inflammatory changes and fibrosis. Talc particles 
may be enclosed in a foreign-body granuloma as the result of an inflammatory reaction. 
The immobility of the macrophages, which is restricted by the phagocytized talc 
particles, leads to changes in the function of these cells and subsequently to chronic 
inflammatory reactions (Gibbs et al. 1992). 

In humans, there are reports of pure talc-induced pneumoconiosis or talcosis following 
inhalation exposure to talc. Talcosis has been reported to occur in miners, millers, 
rubber workers, and other occupational groups exposed to talc without asbestos or 
silica (Vallyathan and Craighead 1981; Feigin 1986; Gibbs et al. 1992; Akira et al. 
2007). Specifically, a recent longitudinal survey of French and Austrian talc workers 
found that the prevalence of small radiological opacities and decreases in lung function 
parameters were related to cumulative exposure. The mean estimated talc dust 
concentration during the mean duration of follow-up (14.5 years) was 1.46 mg/m3 (Wild 
et al. 2008). Case reports indicate that patients present with non-specific complaints, 
including progressive exertional dyspnea, dry or productive cough, with indications of 
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lung lesions (Marchiori et al. 2010; Frank and Jorge 2011). Talcosis has been shown to 
occur in children and adults, with symptoms that developed shortly after acute to short-
term exposure or up to 10 years later (Patarino et al. 2010; Shakoor et al. 2011). 
Inhalation of talc has been known to cause pulmonary effects, even following single 
acute exposures, as reported in a 10-year-old child who had a history of a single 
exposure to talc at two years of age (Cruthirds et al. 1977). Another case report detailed 
a seven-year-old child who developed asthma and reduced lung function after a single 
exposure event (Gould and Barnardo, 1972). Additionally, a 52-year-old woman who 
used baby talcum powder regularly at least twice a day (usually after bathing for 
personal hygiene and habitually applying it to her bed sheets nightly) for 20 years was 
reported to have dyspnea, along with a persistent dry cough and unintentional rapid 
weight loss. A radiographic exam noted evidence of interstitial lung disease with fibrosis 
(Frank and Jorge 2011). 

Other relevant case reports include the case of a 55-year-old woman, occupationally 
exposed to talc as a dusting agent on packed rubber balls from 1958 to 1968, who was 
reported to develop dyspnea during the first five years after exposure (Tukiainen et al. 
1984); and a 62-year-old woman occupationally exposed to talc for five years who was 
reported to have progressive lung fibrosis for more than 40 years (Gysbrechts et al. 
1998).

Animal studies 

In a repeated-exposure study conducted by the U.S. National Toxicology Program 
(NTP), groups of F334/N rats were exposed to aerosolized talc via the inhalation route 
of exposure. Test animals were exposed for 6 hours per day, 5 days per week, for up to 
113 weeks (males) or up to 122 weeks (females) to aerosols of 0, 6, or 18 mg/m3 talc 
(49 or 50 males per group, 50 females per group) (NTP 1993). Mean body weights of 
rats exposed to 18 mg/m3 talc were slightly lower than those of controls after week 65. 
No clinical observations were attributed to talc exposure. Absolute and relative lung 
weights of male and female rats exposed to 18 mg/m3 talc were significantly greater 
than those of controls. Inhalation exposure produced a spectrum of inflammatory, 
reparative, and proliferative processes in the lungs. Granulatomous inflammation, which 
was evident as early as 6 months (first histopathological examination), occurred in 
nearly all exposed rats, and the severity increased with exposure duration and 
concentration. Hyperplasia of the alveolar epithelium and interstitial fibrosis occurred in 
or near the foci of inflammation in many exposed rats, while squamous metaplasia of 
the alveolar epithelium and squamous cysts were also occasionally seen. 
Accumulations of macrophages (histiocytes), most containing talc particles, were found 
in the peribronchial lymphoid tissue of the lung and in the bronchial and mediastinal 
Iymph nodes. In exposed male and female rats, there was a concentration-related 
impairment of respiratory function, beginning at 11 months, which increased in severity 
with increasing exposure duration. The impairment was characterized by reductions in 
lung volume (total lung capacity, vital capacity, and forced vital capacity), lung 
compliance, gas exchange efficiency (carbon monoxide diffusing capacity), and non-
uniform intrapulmonary gas distribution (NTP 1993).
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In female rats at 18 mg/m3 talc, the incidences of alveolar/bronchiolar adenoma, 
carcinoma, and adenoma or carcinoma (combined) were significantly greater than those 
of controls (NTP 1993). The incidences of lung neoplasms in exposed male rats were 
similar to those in controls. Adrenal medulla pheochromocytomas (benign, malignant, or 
complex [combined]) occurred with a significant positive trend in male and female rats, 
and the incidences in the 18 mg/m3 talc groups were significantly greater than those of 
controls (NTP 1993). 

The NTP (1993) concluded that there was some evidence of carcinogenic activity of talc 
in male rats on the basis of an increased incidence of benign or malignant 
pheochromocytomas of the adrenal gland. The NTP also concluded that there was clear 
evidence of carcinogenic activity of talc in female rats on the basis of increased 
incidences of alveolar/bronchiolar adenomas and carcinomas of the lung and benign or 
malignant pheochromocytomas of the adrenal gland.  

In a subsequent symposium, experts from the NTP, along with academic, industry, and 
government experts re-examined the results of the chronic inhalation studies. The 
general consensus from the expert panel was that the highest dose tested (18 mg/m3) 
exceeded the Maximum Tolerated Dose (MTD) and as such, the neoplasms noted were 
not relevant to human health risk assessment (Carr 1995). A similar conclusion was 
rendered by Warheit et al. (2016). In addition, the Danish EPA (2016) and the MAK-
Commission attributed lung tumours in female rats to the general particle effect of 
granular biopersistent dusts, which manifests as tumours in rodents only, and not the 
specific effect of the talc particles. They also attributed the pheochromocytomas to an 
increase in cell proliferation due to hypoxia, which was considered to be a high-dose 
effect (MAK-Commission, 2012).  

A chronic, repeated-exposure study was conducted in B6C3F1 mice via the inhalation 
route of exposure (NTP 1993). Test animals were exposed for 6 hours per day, 5 days 
per week, for up to 104 weeks to aerosols of 0, 6, or 18 mg/m3 talc (47 to 49 males per 
group, 48 to 50 females per group). Survival and final mean body weights of male and 
female mice exposed to talc were similar to those of the controls. There were no clinical 
findings attributed to talc exposure. Inhalation exposure of mice to talc at both 
concentrations was associated with chronic active inflammation and the accumulation of 
macrophages, which contained talc, in the lung. In contrast to rats, hyperplasia of the 
alveolar epithelium, squamous metaplasia, or interstitial fibrosis were not associated 
with the inflammatory response in mice, and the incidences of lung neoplasms in 
exposed and control groups of mice were similar. Accumulations of macrophages 
(histiocytes) containing talc particles were also present in the bronchial Iymph node. 
The critical-effect level and corresponding health effects endpoint was a lowest 
observed adverse effect concentration (LOAEC) of 6 mg/m3 for non-cancer lung effects 
(NTP 1993). 

Doses used in the NTP chronic studies were selected on the basis of the results of a 4-
week inhalation study (1993) in which rats and mice were exposed to talc at 0, 2, 6, or 
18 mg/m3, 6 hours a day, 5 days a week. Lung burdens were noted to be increased in a 
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dose-dependent manner, with overload noted by the study authors at 6 and 18 mg/m3 in 
rats but not at any dose in mice. In both species (mice and rats), a minor macrophage 
infiltration of lung tissue was the only health effect noted in the high-dose animals, while 
animals in the mid- and low-dose groups were without treatment-related effects.  

In a review of the NTP studies, Oberdorster (1995) revisited the lung deposition data 
and particle accumulation kinetics in the lungs of rats and mice in those studies, 
demonstrating that impaired clearance and lung overload was reached at 6 mg/m3 and 
above, for both sexes, in rats and mice. 

A no-observed adverse effect concentration (NOAEC) of 2 mg/m3 was derived from the 
4-week study, on the basis of increased lung burden and impaired clearance at a 
LOAEC of 6 mg/m3 following 4-weeks of dosing, which led to non-cancer lung lesions at 
this concentration when the duration of dosing was extended. Granulatomous 
inflammation and alveolar epithelial hyperplasia were noted at a 6 month interim 
sacrifice in the chronic rat inhalation study, with interstitial fibrosis and impaired lung 
function noted in some animals at 11 months. As noted previously, following a single 
exposure in rats, the biological half-life for ciliary clearance was between 7 and 10 days, 
indicating that previous exposure would not have cleared prior to subsequent 
exposures, leading to a build-up in lung tissue. A re-examination of the NTP lung 
burden data by Oberdorster (1995) estimated that lung retention half-lives of talc 
particles were between 250 and 300 days in the rat chronic study. On the basis of this 
information, it was considered relevant to combine the NTP studies for the derivation of 
an appropriate point of departure for lung effects associated with repeated inhalation 
exposures.   

The Danish EPA (2016) used the LOAEC of 6 mg/m3 from the chronic NTP studies 
(mice and rats) and a NOAEC of 1.5 mg/m3 for talc-induced non-cancer lung effects in 
the longitudinal survey of French and Austrian talc workers (Wild et al. 2008) to 
establish a health-based quality criterion for ambient air (QCair) of 0.004 mg/m3.8

While human occupational studies and case studies are available, these studies do not 
provide accurate measures of exposure for use in risk characterization. However, 
human studies do note a similar range of lung effects and disease as animal models. As 
such, results from the animal studies noted above were selected for the non-cancer risk 
characterization. On the basis of the NTP studies with rats and mice exposed to 
cosmetic-grade talc, a NOAEC of 2 mg/m3 for non-cancer lung effects is considered to 
be appropriate for the inhalation route of exposure for short- or long-term use (given the 
long half-life and slow lung clearance of talc from the lungs, even episodic exposures 
would be expected to increase lung load). The NOAEC of 2 mg/m3 was adjusted 
according to U.S. EPA guidance on inhalation risk assessment for a comparison with 

8 The health-based quality criterion in ambient air (QCair) is a reference concentration that refers to the maximum 
permissible contribution to air from industrial sources.  
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exposure estimates (U.S. EPA 1994, 2009).9 The adjusted NOAEC for non-cancer 
effects is 0.36 mg/m3.  

Perineal exposure to talc 

The IARC has classified perineal use of talc-based body powder as possibly 
carcinogenic to humans  (Group 2B) on the basis of limited evidence in humans. The 
analyzed case-control studies found a modest but consistent increase in risk, although 
bias and confounders could not be ruled out. The IARC Working Group concluded that, 
taken together, the epidemiological studies provide limited evidence in humans of an 
association between perineal use of talc-based body powder and an increased risk of 
ovarian cancer, although a minority of the Working Group considered the evidence 
inadequate because the exposure-response was inconsistent and the cohort analyzed 
did not support an association (IARC 2010).  

The CIR Expert Panel (2013) determined that there is no causative relationship 
between cosmetic use of talc in the perineal area and ovarian cancer, and further 
concluded that talc is safe in the practices of use and concentration described in the 
CIR safety assessment. Issues noted by the CIR included a lack of consistent 
statistically significant positive associations across all studies; small risk ratio estimates; 
a failure to rule out other plausible explanations such as bias, confounders, and 
exposure misclassifications; and a lack of evidence from studies of occupational 
exposures and animal bioassays (CIR 2013; Fiume et al. 2015).  

Animal studies 

Rodents are poor experimental models for perineal studies for a number of reasons. 
Ovulation in rodents occurs only or mainly during the breeding season, and rodent 
ovaries are variously enclosed in an ovarian bursa in comparison to human ovaries. 
Ovarian epithelial tumours are also rare in these animals (Taher et al. 2018). Ovarian 
tumours do occur in some strains of mice and rats; however, the low incidence and/or 
the length of time required for the appearance of tumours renders them poorly feasible 
for experimental studies of ovarian carcinogenesis (Vanderhyden et al. 2003). On 
account of the limitations detailed above, in addition to the challenges posed by 
exposing animals via the perineal route, animal data are very limited; one single-dose 
study and one short-term repeated-dose study were available (Hamilton et al. 1984; 

9 This adjustment was made according to guidance and equations outlined in the U.S. EPA Supplemental Guidance 
for Inhalation Risk Assessment (US EPA 2009) and the U.S. EPA Methods for Derivation of Inhalation Reference 
Concentrations and Application of Inhalation Dosimetry (U.S. EPA 1994). Adjustment of duration to a continuous 
exposure scenario is done through the use of Equation 1 from U.S. EPA 2009 where the NOAEL[ADJ] = E × D × W, 
whereby the NOAEL[ADJ] (mg/m3) = the no-observed adverse effect level (NOAEL) adjusted for the duration of the 
experimental regimen; E (mg/m3) = the NOAEL or analogous exposure level observed in the experimental study; 
D (h/h) = the number of hours exposed/24 hours; and W (days/days) = the number of days of exposure/7 days. The 
NOAEC[ADJ] = 2 mg/m3 × 6h/24h × 5d/7d = 0.36 mg/m3
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Keskin et al. 2009). No chronic or carcinogenicity animal studies on perineal exposure 
of talc were located in the literature.   

A single injection of talc (in saline) into the bursa around the ovaries of rats showed 
foreign-body granulomas with confirmation of the presence of talc (Hamilton et al. 
1984). Daily perineal or intravaginal application of talc (in saline) to rats for 3 months 
produced evidence of foreign-body reaction and infections; in addition, an increase in 
the number of inflammatory cells were found in all genital tissues. While no cancer or 
pre-cancer effects were observed, Keskin and colleagues (2009) noted that the study 
duration may have been too short to note these types of effects. 

Human studies 

Several meta-analyses of available epidemiological data have been published; some 
very recently (Huncharek et al. 2003; Langseth et al. 2008; Terry et al. 2013; Berge et 
al. 2018; Penninkilampi and Eslick 2018; Taher et al. 2018). These studies have 
consistently reported a positive association with ovarian cancer and perineal talc 
exposure. Taher and colleagues (2018) identified 27 studies (24 case-control and 3 
cohort) for a meta-analysis; ever versus never perineal use of talc and the risk of 
ovarian cancer resulted in a statistically significant pooled odds ratio (OR) of 1.28 (see 
Table 6-1). Other published meta-analyses have demonstrated similar results, with ORs 
ranging from 1.22 to 1.35 (Huncharek et al. 2003; Langseth et al. 2008; Terry et al. 
2013; Berge et al. 2018; Penninkilampi and Eslick 2018). 

Table 6-1. Available human epidemiological studies investigating the association 
of perineal use of talc and ovarian cancer (Taher et al. 2018, in preparation) 

Study 
type 

Total sample 
size (no. of 

cases) 

Study 
conclusion 

OR [95% CI] Reference 

Case-
control 

686 (235) 
Possible 

association in 
subgroup 

Not included Booth et al. 1989 

Case-
control 

1014 (450) 
Positive 

association 
1.42 [1.08, 1.87] 

Chang and Risch 
1997 

Case-
control 

336 (112) 
Positive 

association in 
subgroup 

Not included Chen et al. 1992 

Case-
control 

735 (313) 
Positive 

association 
1.60 [1.10, 2.33] Cook et al. 1997 

Case-
control 

430 (215) 
Positive 

association 
1.92 [1.27, 2.90] 

Cramer et al. 
1982 

Case-
control 

4141 (2041) 
Positive 

association 
1.32 [1.15, 1.51] 

Cramer et al. 
2016 

Case-
control 

3187 (1385) 
Positive 

association 
1.36 [1.14, 1.62] Gates et al. 2008 
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Study 
type 

Total sample 
size (no. of 

cases) 

Study 
conclusion 

OR [95% CI] Reference 

Case-
control 

305 (153) No association 2.49 [0.94, 6.60] 
Godard et al. 

1998 
Case-
control 

1684 (824) 
Positive 

association 
1.30 [1.10, 1.54] Green et al. 1997 

Case-
control 

274 (116) No association 1.10 [0.70, 1.73] 
Harlow and Weiss 

1989 

Case-
control 

474 (235) 
Positive 

association in 
subgroup 

1.50 [1.00, 2.25] Harlow et al. 1992 

Case-
control 

306 (135) No association 0.70 [0.40, 1.22] Hartge et al. 1983 

Case-
control 

2704 (902) 
Positive 

association 
1.40 [1.16, 1.69] Kurta et al. 2012 

Case-
control 

225 (46) No association 1.15 [0.41, 3.23] 
Langseth and 

Kjaerheim 2004 

Case-
control 

3085 (1576) 
Positive 

association in 
subgroup 

1.17 [1.01, 1.36] Merritt et al. 2008 

Case-
control 

1354 (249) 
Positive 

association in 
subgroup 

1.37 [1.02, 1.84] Mills et al. 2004 

Case-
control 

2143 (1086) No association 1.06 [0.85, 1.32] 
Moorman et al. 

2009 

Case-
control 

2134 (767) 
Positive 

association in 
subgroup 

1.50 [1.10, 2.05] Ness et al. 2000 

Case-
control 

123 (77) 
Possible 

association 
1.00 [0.20, 5.00] 

Rosenblatt et al. 
1992 

Case-
control 

2125 (812) 
Possible 

association 
1.27 [0.97, 1.66] 

Rosenblatt et al. 
2011 

Case-
control 

1329 (584) 
Positive 

association 
1.44 [1.11, 1.87] 

Schildkraut et al. 
2016 

Case-
control 

389 (189) No association 1.05 [0.28, 3.94] 
Tzonou et al. 

1993 
Case-
control 

727 (188) 
Possible 

association 
1.45 [0.81, 2.60] 

Whittemore et al. 
1988 

Case-
control 

1155 (462) No association 1.00 [0.80, 1.25] Wong et al. 1999 

Case-
control 

1297 (609) 
Positive 

association 
1.53 [1.13, 2.07] Wu et al. 2009 

Case-
control 

4092 (1701) 
Positive 

association in 
1.46 [1.27, 1.68] Wu et al. 2015 
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Study 
type 

Total sample 
size (no. of 

cases) 

Study 
conclusion 

OR [95% CI] Reference 

subgroup 

Cohort 108870 (797) 
Possible 

association in 
subgroup 

Not included Gates et al. 2010 

Cohort 78630 (307) 
Possible 

association in 
subgroup 

1.09 [0.86, 1.38] Gertig et al. 2000 

Cohort 41654 (154) No association 0.73 [0.44, 1.21] 
Gonzalez et al. 

2016 

Cohort 61285 (429) No association 1.12 [0.92, 1.36] 
Houghton et al. 

2014 
Abbreviation: CI, confidence interval. 

Mode of action 

The etiology of most ovarian tumours, in general, has not been well established. There 
are a number of different tumour types with characteristic histologic features, distinctive 
molecular signatures, and disease trajectories. Moreover, these tumours are 
heterogeneous, and they can arise from different tissues of the female reproductive 
tract, including the fallopian tube epithelium (National Academy of Sciences, 
Engineering, and Medicine 2016).  

With respect to talc specifically, local chronic irritation leading to an inflammatory 
response is one possible mechanism of tumour progression that is frequently 
hypothesized (Muscat and Huncharek 2008; Penninkilampi and Eslick 2018; Taher et 
al. 2018). It is known that persistent indications of inflammation (including C-reactive 
protein, tumour necrosis factor, and other inflammatory markers) are detected in the 
blood of women prior to a diagnosis of ovarian tumours (Trabert et al. 2014). Increases 
in the number of inflammatory cells were found in all genital tissues of rats intravaginally 
exposed to talc for 3 months (Keskin et al. 2009). There is support for an association of 
inflammation and increased risk of ovarian cancer (National Academy of Sciences, 
Engineering and Medicine 2016; Rasmussen et al. 2017).  

Talc particles were detected in the ovaries of rats that received intrauterine instillations 
of talc, and to a lesser extent in those that were dosed intravaginally with talc 
(Henderson et al. 1986). No translocation of talc into the ovaries was detected after 
single or multiple intravaginal applications of talc to rabbits (Phillips et al. 1978) or to 
monkeys (Wehner et al. 1986).  

Talc particles were identified in 10 of 13 human ovarian tumours but were also found in 

et al. 1971). Ovaries from 24 patients undergoing incidental oophorectomy were 
examined; 12 women reported frequent perineal talc use, and the other 12 women were 

Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 178 of 200 PageID:
 34033



Draft Screening Assessment - Talc

19 

non-users. Talc particles were detected in all 24 cases (both ever- and non-users) 
(Heller et al. 1996b). Wehner (2002) attributed the talc in the never users to (a) possible 
sample contamination, because some studies using negative controls resulted in 
particle counts similar to the test sample; and/or (b) possible false positives due to the 
use of a single radioactive tracer. To explain why talc is present in the never users, 
Heller and colleagues (1996b) hypothesized that talc use during diapering could 
contribute to the ovarian particle burden.    

Translocation of other inert particles, similar in size to talc, has also been studied. A 
study in monkeys did not show any translocation of carbon black particles when a 
suspension was placed in the vaginal posterior fornix (Wehner et al. 1985). However, 
retrograde migration was detected when rabbits were administered a lubricant powder 
intravaginally (Edelstam et al. 1997). Other authors have noted similar transportation of 
particles to the upper genital tract (Egli and Newton 1961; De Boer 1972; Venter and 
Iturralde 1979). There are also some indications that particles can migrate from the 
vagina to the upper reproductive tract in humans (Egli and Newton 1961; Venter and 
Iturralde 1979; Heller et al. 1996a,b), and perineal exposure to talc has also been 
associated with a presence of talc in the lymph nodes and ovaries of women diagnosed 
with ovarian cancer (Heller et al. 1996a,b; Cramer et al. 2007).  

Another possible mode of action that is hypothesized in the scientific literature is 
immune-mediated. It has been suggested that talc particles need not reach the ovaries 
but only need to reach the lower genital tract where talc could trigger changes (such as 
the production of heat shock proteins and/or decreased levels of antibodies) that could 
contribute to ovarian cancer (Cramer et al. 2005; Muscat et al. 2005). Human mucin 1 
(MUC1) is expressed in high levels by ovarian cancer. Mucins are proteins involved in 
the formation of mucous barriers on epithelial surfaces (Gendler and Spicer 1995). Anti-
MUC1 antibodies may have a protective effect; patients generate immunity against 
MUC1 produced by their tumours (Cramer et al. 2005). The Cramer et al. (2005) study 
used an enzyme-linked immunosorbent assay to measure anti-MUC1 antibody in 
women (controls; n = 721) to determine the factors that predict the presence of 
antibodies. It was found that the use of talc in the perineal area was associated with 
significantly decreased levels of antibodies to MUC1 (Cramer et al. 2005).  

The most recent meta-analysis (Taher et al. 2018) employed the Hill criteria (Hill 1965) 
to assess the epidemiological evidence of a causal relationship. The Hill considerations 
are a set of factors (i.e., strength, consistency, specificity, temporality, biological 
gradient, biological plausibility, and coherence). These considerations form a framework 
for  evaluating evidence in humans to help determine whether observed associations 
are causal (Hill 1965; Cogliano et al. 2004; US EPA 2005; Health Canada 2011; Fedak 
et al. 2015). Each factor, as reported in Taher et al. (2018), is elaborated upon below. 

Strength: Of the 30 epidemiological studies examined by Taher et al. (2018), 15 case-
control studies reported a positive association with statistical significance; 6 of these 15 
had an OR of 1.5 or greater. Similarly, Penninkilampi and Eslick (2018) and Berge and 
colleagues (2018) each assessed 27 epidemiological studies and respectively 
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determined 14 and 13 case-control studies as reporting a positive association with 
statistical significance. In both cases, 5 of these studies had an OR of 1.5 or greater. 
Terry and colleagues (2013) only pooled 8 case-control studies; 5 of the 8 (63%) had a 
statistically significant positive association. 

The individual cohort studies did not show a statistically significant association between 
perineal talc use and ovarian cancer (Berge et al 2018; Penninkilampi and Eslick 2018; 
Taher et al 2018). However, there was a positive association, with statistical 
significance, specific to invasive serous-type ovarian cancer in the cohort studies (OR = 
1.25) (Penninkilampi and Eslick 2018). Given the long latency for ovarian cancer, the 
follow-up periods may not have been sufficient to capture all the cases for the individual 
cohort studies. Also, given the rarity of ovarian cancer, many of the available human 
studies may not be sufficiently powered to detect a low OR. Sample sizes were not 
large enough to detect a 20 to 30 % increase in risk; a group of over 200 000 women 
would need to be followed for over 10 years in order to detect a 20% (above 
background) increased risk with statistical significance (Narod 2016). With larger 
sample sizes, more individual studies may have demonstrated stronger associations. 

Consistency: Several meta-analyses conducted over the past 15 years calculated 
similar ORs and resulted in similar conclusions; that there is a small yet consistent and 
statistically significant increased risk for ovarian cancer with perineal talc use 
(Huncharek et al. 2003; Langseth et al. 2008; Terry et al. 2013; Berge et al. 2018; 
Penninkilampi and Eslick 2018; Taher et al 2018). The epidemiological studies 
examined in these meta-analyses were conducted over different periods in time (across 
more than four decades), among different ethnicities, and spanned many geographical 
areas worldwide (Taher et al. 2018). 

Specificity: Although there are many other risk factors for ovarian cancer (e.g., 
increased age, family history of cancer, obesity, nulliparity) (National Academy of 
Sciences, Engineering, and Medicine 2016), perineal talc exposure is specifically 
associated with cancer of the ovary and not other organs (Taher et al. 2018). 

Temporality: In all case-control studies reporting positive outcomes, the participants 
recalled that exposure to talc preceded the reported outcome. However, in the cohort 
studies (reporting a lack of positive association), it is not known whether the follow-up 
period was adequate to detect a potential association between perineal talc exposure 
and ovarian cancer (Taher et al. 2018).  

Biological gradient: There is a lack of an available exposure-effect relationship in the 
human epidemiological data. Many of the studies only assessed a single-dose level 
(ever versus never users). Furthermore, data with respect to the types of powder used 
by subjects or the amounts applied were not presented, and therefore a relationship 
between the concentration/dose of talc in the powder and the incidence of ovarian 
cancer could not be investigated. Taher and colleagues (2018) isolated seven studies 
that provided some evidence of increased risk of ovarian cancer with increasing 
perineal applications of talc; however, none demonstrated both a clear dose-response 
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There is potential for oral exposure resulting from the use of talc as a food additive; 
however, exposure from these uses is expected to be minimal (email from the Food 
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated February 27, 2018; unreferenced). Exposure from the use of talc 
as a component in food packaging materials is expected to be negligible (email from the 
Food Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated February 27, 2018; unreferenced). Exposure from the oral route 
was not quantified because no critical health effects from the oral route of exposure 
have been identified. The JECFA has assigned an ADI of 
basis of low toxicity, and talc 
United States (JECFA 2006; U.S. FDA 2015).  

6.2.2 Products available to consumers 

Talc is present in approximately 8500 self-care products in Canada, including 
approximately 200 non-prescription drug products, approximately 2000 natural health 
products, and approximately 6500 cosmetic products. In addition, there are 
approximately 1300 prescription drugs containing talc. There is potential for oral 
exposure resulting from the use of self-care products and non-OTC drugs (including 
prescription, controlled substances, and ethical drugs) as a medicinal and non-
medicinal ingredient containing talc. However, exposure from the oral route was not 
quantified as no critical health effects from the oral route of exposure have been 
identified.  

There is the potential for dermal contact with talc from the use of self-care products. 
Systemic exposure resulting from dermal contact with talc is expected to be negligible 
as it is not expected that talc will be absorbed on the basis of its physical-chemical 
characteristics as an insoluble solid particle. In addition, a dermal health effect endpoint 
has not been identified for talc.  

Notifications submitted under the Cosmetic Regulations to Health Canada for talc, the 
LNHPD (modified 2018), the Drug Product Database (DPD), 

-
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No inhalation or perineal exposures were identified with respect to the major 
commercial or industrial uses of talc in paper, plastics, ceramics, and putties. 

Inhalation�exposure

-

-
-

- -

Number concentrations measured using a scanning mobility particle sizer 
indicated that the proportion of nano-sized particles (<100 nm) was small (< 10 %) to 
negligible, depending on the product
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-

-
-

-

- - -
-

-
Average air concentrations by 

subject
average air concentration of 1.36 ± 

0.97 mg/m3. This value was used to estimate adjusted air concentrations for self-care 
products based on the highest concentration of talc present in these products. T
results are summarized in Table 6-2. The inputs for each of these scenarios are outlined 
in Appendix A. 

Table 6-2. Inhalation exposure estimates to talc from self-care products available 
to consumers 
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Product 
type 

Age group 
Concentration in air per 

event (mg/m3)a 

Adjusted exposure 
concentration 

(mg/m3)b

Baby 
powder 

100% talc 
Infant and Adult 1.36 0.0071 

Body 
powder 

100% talc 
Adult 1.36 0.0047 

Face 
powder 

100% talc 
Adult 1.36 0.0047 

Foot powder
97% talc 

Adult 1.32 0.0034 

Dry hair 
shampoo 
100% talc 

Adult 1.36 0.0011 

a Average measured air concentrations (Anderson et al. 2017, Rasmussen 2018) × the highest 
concentration of talc in product type.   
b Refer to Appendix A for details. 

Perineal�exposure

-

There has been a decline in 
popularity of the use of talc for feminine hygiene practices over time; of 6000 North 
American women, 19 % of women born between 1920 and 1940 reported applying talc 
directly to the , but only 3% of women born after 1975 reported the same 
(Narod 2016). Houghton and colleagues (2014) reported that in 2001, the proportion of 
U.S. women who were users of perineal talc was estimated at 40 %, down from 52 % 
during 1993 to 1998.  

-
-

-
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Abbreviations: adj, adjusted; CA, concentration in air per event; MOE, margin of exposure. 
a From Anderson et al. (2017) and Rasmussen (2018), respectively, based on the highest concentration in 
products. For most of these product types, there is a wide range of talc concentrations (< 10 to 100 %). 

The margins of exposure (MOEs) between the adjusted critical-effect level and the 
adjusted air concentrations range from 50 to 327 for self-care products. The MOEs for 
baby powder, body powder, face powder, and foot powder are considered potentially 
inadequate to account for uncertainties in the health effects (including a lack of a 
NOAEC from chronic studies) and exposure databases. The MOE for dry hair shampoo 
is considered adequate to address uncertainties in the health effects and exposure 
databases. 

Based on available human data, ovarian cancer was also identified as a critical health 
effect for the perineal route of exposure to talc. There is the potential for perineal 
exposure to talc from the use of various - , baby 
powder, diaper and rash creams, genital antiperspirants and deodorants, body wipes, 
bath bombs

Data from published meta-analyses of epidemiological 
studies indicate a consistent and statistically significant positive association between 
perineal exposure to talc and ovarian cancer (Huncharek et al. 2003; Langseth et al. 
2008; Terry et al. 2013; Berge et al. 2018; Penninkilampi and Eslick 2018; Taher et al. 
2018). 
ovarian cancer is due to confounding and so it is fair to say that if there is a statistically 

Similarly, Penninkilampi and Eslick (2018) noted that 
in cohort studies between perineal talc use and serous invasive ovarian cancer is 

and colleagues (2018) noted that consistent 
with previous evaluations by the International Agency for Research on Cancer (2010), 
and more recent and subsequent evaluations by individual investigators (Penninkilampi
and Eslick 2018; Berge et al. 2018; Terry et al. 2013), the present comprehensive 
evaluation of all currently available relevant data indicates that perineal exposure to talc 

Body 
powder  
100% talc 

0.0047 NOAEC[adj]: 0.36 
non-cancer lung 

effects 
76 

Face 
powder 
100% talc 

0.0047 NOAEC[adj]: 0.36 
non-cancer lung 

effects 
76 

Foot powder 
97% talc 

0.0034 NOAEC[adj]: 0.36 
non-cancer lung 

effects 
106 

Dry hair 
shampoo 
100% talc 

0.0011 NOAEC[adj]: 0.36 
non-cancer lung 

effects 
327 
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Appendix�A.�Inhalation�exposure�estimates

Table A-1. Estimated inhalation exposure concentrations from self-care products 
containing loose powder talc available to consumers  

Scenario 
Talc 

product 
conc.a

Studyb

conc. 
(mg/m3) 

CAb

(mg/m3) 
ETc 

(hr/d) 
EFd

(d/yr) 
EDe

(yr) 

EC 
adjusted 
(mg/m3)b

Baby 
powder, 
infants  

100 % 1.36 1.36 0.125 365 4 0.0071 

Baby 
powder, 
adults 

100 % 1.36 1.36 0.125 365 8 0.0071 

Body 
powder, 
adults 

100 % 1.36 1.36 0.083 365 58 0.0047 

Face 
powder, 
adults 

100 % 1.36 1.36 0.083 365 58 0.0047 

Foot 
powder, 
adults 

97 % 1.36 1.32 0.083 274 58 0.0034 

Dry hair 
shampoo, 
adults 

100 % 1.36 1.36 0.083 84 58 0.0011 

Abbreviations: Conc.,  concentration; CA, concentration in air per event; ET, exposure time; EF, exposure 
frequency; ED, exposure duration; EC, adjusted exposure concentration. 
a Highest concentration of talc found per product type from notifications submitted under the Cosmetic 
Regulations to Health Canada for talc, DPD [modified 2018], email from the Therapeutic Products 
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, dated 
March 20, 2017, unreferenced; LNHPD [modified 2018], email from the Non-prescription and Natural 
Health Products Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, Health 
Canada, dated March 20, 2017, unreferenced; Fiume et al. 2015; Household Product Database 1993-; 
CPCat 2014; CPID 2017; SDS Search Tool 2016. 
b Average by subject from Anderson et al. 2107 and Rasmussen 2018 (unpublished). CA = average study 
concentration × maximum talc concentration in product. 
c ET is 5 minutes/application based on median time spent in the bathroom following a shower or bath 
(U.S. EPA 2011) × number of applications/day, whereby baby powder assumes 1.5 applications/day 
(CTFA 1983); the rest assume 1 application/day. 
d EF is assumed to be daily for baby, body (U.S. EPA 2011) and face powder (Ficheux et al. 2015); foot 
powder 0.75 times/day or 274 times/year (Ficheux et al. 2015); dry hair shampoo 0.23 times/day or 84 
times/year (Ficheux et al. 2015).  
e Assumed infant wears diapers up to 4 years, adult exposure to baby powder from diapering children, 4 
years per child and assume 2 children per family (Statistics Canada 2016), adult exposure for body 
powder, and foot powder (80 years lifetime,  12 years child). 
f Adjusted exposure concentration is calculated as per Equation 8 in the U.S. EPA 2009 guidance 
document Superfund Volume I: Human Health Evaluation Manual,
where EC = (CA × ET × EF × ED)/AT, and AT = averaging time, which is on the basis of ED × 365 
days/year × 24 hours/day.

Case 3:16-md-02738-FLW-LHG   Document 9732-4   Filed 05/07/19   Page 200 of 200 PageID:
 34055


