IN THE UNITED STATES COURT OF FEDERAL CLAIMS
OFFICE OF THE SPECIAL MASTERS
No. 03-1202V
Filed: March 12, 2010
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TIMOTHY and MARIA DWYER, parents of
COLIN R. DWYER, a minor, Omnibus Autism Proceeding;
Theory 2 Test Case;
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DECISION*

James Collins Ferrell, Esq., Houston, TX; Thomas B. Powers, Esq. and Michael L.
Williams, Esq., Portland, OR; for petitioners.

Lynn Elizabeth Ricciardella, Esqg. and Voris Johnson, Esq., U.S. Department of Justice,
Washington, DC, for respondent.
VOWELL, Special Master:

On May 14, 2003, Timothy and Maria Dwyer [“petitioners”] filed a “short form”

petition for compensation under the National Vaccine Injury Compensation Program, 42
U.S.C. § 300aa-10, et seq.? [the “Vaccine Act” or “Program”], on behalf of their minor

' Vaccine Rule 18(b) provides the parties 14 days to request redaction of any material “(i) which is
trade secret or commercial or financial information which is privileged and confidential, or (ii) which are
medical files and similar files, the disclosure of which would constitute a clearly unwarranted invasion of
privacy.” 42 U.S.C § 300aa12(d)(4)(B). Both parties have waived their right to request such redaction.
See Petitioners’ Notice to Waive the 14-Day Waiting Period, filed February 1, 2010; Respondent’s
Consent to Disclosure, filed January 13, 2010. Accordingly, this decision will be publically available upon
filing.

2 National Childhood Vaccine Injury Act of 1986, Pub. L. No. 99-660, 100 Stat. 3755. Hereinafter,
for ease of citation, all “§” references to the Vaccine Act will be to the pertinent subparagraph of 42 U.S.C.
§ 300aa (2006).



son, Colin Dwyer [“Colin”].® Subsequently-filed documents have clarified the injury
claimed as a pervasive developmental disorder [‘PDD”],* substantially caused by Colin’s
exposure to mercury in thimerosal-containing vaccines [“TCVs”]. See Petitioners’ Post-
Hearing Brief [‘Pet. Post-Hearing Br.”] at 1.

To be eligible for compensation under the Vaccine Act, a petitioner must either
demonstrate a Vaccine Table® injury, to which a statutory presumption of causation
attaches, or prove by a preponderance of the evidence that a vaccine listed on the
Vaccine Table caused or significantly aggravated an injury. Althen v. Sec’y, HHS, 418
F.3d 1274, 1278 (Fed. Cir. 2005); Grant v. Sec’y, HHS, 956 F.2d 1144, 1148 (Fed. Cir.
1992). The petitioners in this case do not contend that Colin suffered a “Table” injury.
Therefore, in order to prevail, they must demonstrate by preponderant evidence: “(1) a
medical theory causally connecting the vaccination and the injury; (2) a logical
sequence of cause and effect showing that the vaccination was the reason for the
injury; and (3) a showing of a proximate temporal relationship between vaccination and
injury.” Althen, 418 F.3d at 1278. See also Hines v. Sec’y, HHS, 940 F.2d 1518, 1525
(Fed. Cir. 1991).

Colin’s case was heard as part of the largest omnibus proceeding in the history
of the Vaccine Act. It was one of three test cases on the second of two theories® of

% See Autism General Order #1, dated July 3, 2002, Ex. A, available at
http://www.uscfc.uscourts.gov/sites/default/files/autism/Autism+General+Order1.pdf [‘Autism Gen. Order
#1"], 2002 WL 31696785 (Fed. Cl. Spec. Mstr. July 3, 2002). By filing such a petition, the filers averred
that: (1) the vaccinee suffered from an autism spectrum disorder [“ASD”], or an autism-like disorder, that
had persisted for longer than six months; (2) the petition was filed within three years of onset of that
disorder; and (3) a vaccine listed on the Vaccine Injury Table, 42 C.F.R. § 100.3, was the cause of the
condition.

* Pervasive developmental disorders is the umbrella term used in the DIAGNOSTIC AND STATISTICAL
MANUAL OF MENTAL DISORDERS (American Psychiatric Association, 4™ ed. text revision 2000) [“DSM-IV-
TR”] at 69 to identify what are often referred to as ASDs. The terms “pervasive developmental disorder”
and “autism spectrum disorder” are used interchangeably. Section IV, below, explains these disorders in
greater detail.

° A “Table” injury is an injury listed on the Vaccine Injury Table, 42 C.F.R. § 100.3, corresponding
to the vaccine received within the time frame specified.

® At one time, the Petitioners’ Steering Committee [“PSC”] advanced three theories of causation,
but subsequently reduced that to two after determining that the evidence in support of the third theory, that
the measles component of the measles, mumps, rubella [*"MMR”] vaccine causes some ASDs, was
encompassed in the evidence adduced in the first theory of causation [“Theory 1"]. The Theory 1 cases
posited that a combination of TCVs and the measles component of the MMR vaccine causes ASDs.
Decisions in the Theory 1 cases may be found at Cedillo v. Sec’y, HHS, No. 98-916V, 2009 WL 331968
(Fed. Cl. Spec. Mstr. Feb. 12, 2009), affd, 89 Fed. Cl. 158 ( 2009), appeal docketed, No. 10-5004 (Fed.
Cir. Oct. 7, 2009); Hazlehurst v. Sec’y, HHS, No. 03-654V, 2009 WL 332306 (Fed. CI. Spec. Mstr. Feb.
12, 2009), affd, 88 Fed. Cl. 473 (2009), appeal docketed, No. 09-5128 (Fed. Cir. Sept. 21, 2009); Snyder
v. Sec’y, HHS, No. 01-162V, 2009 WL 332044 (Fed. Cl. Spec. Mstr. Feb. 12, 2009), affd, 88 Fed. Cl. 706
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causation [“Theory 2”] advanced by petitioners in the Omnibus Autism Proceeding
[‘OAP”]. Theory 2 is that the mercury in TCVs can cause at least some forms of ASD,
and that it did so in the three Theory 2 test cases,’ including Colin’s.

After considering the record as a whole, | find that petitioners have failed to
establish by preponderant evidence that Colin’s condition was caused or significantly
aggravated by TCVs. They failed to demonstrate either that the mercury component of
TCVs can cause ASD or that it did so in Colin’s case. None of the causation
hypotheses advanced were reliable as medical or scientific theories.

In essence, petitioners propose effects from mercury in TCVs that do not
resemble mercury’s known effects on the brain, either behaviorally or at the cellular
level. To prevail, they must show that the exquisitely small amounts of mercury in TCVs
that reach the brain can produce devastating effects that far larger amounts
experienced prenatally or postnatally from other sources do not. In order to account for
this dichotomy, they posit a group of children hypersensitive to mercury’s effects, but
the only evidence that these children are unusually sensitive is the fact of their ASD
itself. In an effort to render irrelevant the numerous epidemiological studies of ASD and
TCVs that show no connection between the two, they contend that their children have a
form of ASD involving regression that differs from all other forms biologically and
behaviorally. World-class experts in the field testified that the distinctions they drew
between forms of ASD were artificial, and that they had never heard of the “clearly
regressive” form of autism about which petitioners’ epidemiologist testified. Finally, the
causal mechanism petitioners proposed would produce, not ASD, but neuronal death,
and eventually patient death as well. The witnesses setting forth this improbable
sequence of cause and effect were outclassed in every respect by the impressive
assembly of true experts in their respective fields who testified on behalf of respondent.
Therefore, | hold that petitioners have failed to establish their entitlement to
compensation, and their petition is denied.

A brief history of omnibus proceedings under the Vaccine Act is necessary to
explain what constitutes the “record as a whole™ upon which this case was decided.
That history is set forth in Section |, below.

(2009).
" The other Theory 2 cases are King v. Sec’y, HHS, 03-584V, and Mead v. Sec’y, HHS, 03-215V.
8 See § 13(a): “Compensation shall be awarded...if the special master or court finds on the record

as a whole....” See also § 13(b)(1) (indicating that the court or special master shall consider the entire
record in determining if petitioner is entitled to compensation).
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Section I. Omnibus Proceedings in Vaccine Act Cases.
A. Historical Use of Omnibus Proceedings under the Vaccine Act.

The Vaccine Act contains no provision for class action suits or omnibus
proceedings.® However, the Act does permit the consideration of evidence without
regard to formal rules of evidence and encourages flexibility in procedures. See §
12(d)(2)(A)-(E). Certain provisions of the Vaccine Act and its legislative history indicate
that Congress contemplated that the special masters would develop expertise in the
complex medical and scientific issues involved in actual causation claims and would
then apply this expertise to the resolution of other cases.” Vaccine Rule 8(a) provides:
“The special master will determine the format for taking evidence and hearing argument
based on the specific circumstances of each case and after consultation with the
parties.” See also Lampe v. Sec’y, HHS, 219 F.3d 1357, 1362 (Fed. Cir. 2000) (quoting
Hodges v. Sec’y, HHS, 9 F.3d 958, 961 (Fed. Cir. 1993)). The Court of Federal Claims
has noted that “instead of being passive recipients of information, such as jurors,
special masters are given an active role in determining the facts relevant to Vaccine Act
petitions,” and that “the special masters have the expertise and experience to know the
type of information that is most probative of a claim.” Doe v. Sec’y, HHS, 76 Fed. Cl.
328, 338-39 (2007). The Federal Circuit has commented on the “virtually unlimited”
scope of the special master’s authority to inquire into matters relevant to causation
(Whitecotton v. Sec’y, HHS, 81 F.3d 1099, 1108 (Fed. Cir. 1996)), and the deference
properly accorded to their fact-finding (Munn v. Sec’y, HHS, 970 F.2d 863, 871 (Fed.
Cir. 1992)). See also J. Weinstein, Improving Expert Testimony, 20 U. RICH. L. REV.

® Omnibus proceedings bear some resemblance to multi-district litigation in federal district courts.
See 28 U.S.C. § 1407 (2006). However, unlike multi-district litigation, the parties in an omnibus
proceeding are not bound by the outcome of the test cases. See, e.g., Autism Gen. Order #1at 6-7
(permitting petitioners to opt in or out of the OAP and to introduce their own evidence to prove their
individual case).

% See, e.g., H.R. Rep. No. 101-386, at 516 (1989) (Conf. Rep.) (Report on the 1989 amendments
stated that “[t]he system is intended to allow the proceedings to be conducted in what has come to be
known as an ‘inquisitorial’ format, with the master conducting discovery (as needed), cross-examination
(as needed), and investigation.” ). For example, medical acronyms need not be explained anew to a
special master who has heard such acronyms in numerous cases. Basic scientific evidence is often
cursorily addressed by the experts, with the expectation that the special master will ask questions
concerning any matters not completely clear. However, special masters are not doctors; thus they do not
“diagnose” petitioners. Although due process concerns preclude the wholesale importation of evidence
adduced in one proceeding to another proceeding without the consent of the parties, in omnibus
proceedings the parties consent to import evidence from the “test case” into other individual cases.
Absent such consent, special masters advise the parties when they intend to consider evidence derived
from their own efforts, usually in the form of medical journal articles, and permit the parties to comment on
such evidence. Institute of Medicine [‘IOM”] Reports, learned treatises, medical textbooks, medical
dictionaries, or handbooks explicating medical abbreviations or tests are often consulted and referenced in
the body of an opinion without formal notice to the parties. See, e.g., Stroud v. Sec’y, HHS, 113 F.3d
1258 (Fed. Cir. 1997) (special masters may rely upon an IOM report that neither party filed as evidence).
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473, 494-95 (1986) (encouraging judges presiding over non-jury trials “to become
familiar with the scientific background by reading about the issues and discussing them
with the experts” and noting that “[tjhe court owes an obligation to the parties, to society,
and to itself to assist in obtaining the best possible answers to the scientific questions
before it.”).

Because cases involving the same vaccine and injury often involve the same
body of medical expertise, the Office of Special Masters [*OSM”] developed omnibus
proceedings to answer the common question of whether a particular vaccine can cause
the injury in question—the general causation question. The issue of whether it did so in
a specific case can then be resolved more expeditiously, based on a ruling in an
omnibus test case."

The proceedings in the OAP test cases have followed the “test case” format
developed for conducting omnibus proceedings under the Vaccine Act. This format
involves hearing evidence and issuing an opinion in the context of a specific case or
cases, then applying the evidence developed to other cases involving the same vaccine
and the same or a similar injury. See, e.g., Capizzano v. Sec’y, HHS, No. 00-759V,
2004 WL 1399178 (Fed. Cl. Spec. Mstr. June 8, 2004), rev’d on other grounds, 440
F.3d 1317 (Fed. Cir. 2006) (hepatitis B vaccine and rheumatoid arthritis). By the
agreement of the parties, the evidence adduced in the omnibus proceeding is applied to
other cases, along with any additional evidence adduced in those particular cases. The
parties are thus not bound by the results in the test case, only agreeing that the expert
opinions and evidence forming the basis for those opinions may be considered in
additional cases presenting the same theory of causation. This method has proven
efficient in resolving similar cases by settlement or dismissal, based on the special
master’s analysis of the scientific evidence in the test case.

B. The Omnibus Autism Proceeding.
1. Creation of the OAP.
On July 3, 2002, Chief Special Master Golkiewicz issued Autism Gen. Order #1

to address issues arising from the unprecedented filing of more than 300 petitions for
compensation in a six-month period, all alleging that vaccines caused a

" For example, the common issue of whether Vaccine A can cause Disease X might be heard in
the context of an individual case. If the special master determines that Disease X could, indeed, be
caused by Vaccine A, the special master would also attempt to determine under what circumstances
causation could be established, what specific symptoms would be required, and when those symptoms
must manifest in order to attribute the disease or injury to the vaccine. The findings, issued in the context
of deciding an individual case, would then provide guidance to the parties in other cases involving that
vaccine and injury. Such findings might result in settlement or withdrawal of many pending cases without
the necessity of additional hearings.



neurodevelopmental disorder known as autism or an ASD."? Autism Gen. Order # 1
established the OAP to process efficiently and expeditiously the current ASD petitions
as well as the large number of anticipated petitions presenting the same claims.™

Autism Gen. Order #1 and the OAP grew out of meetings with an informal
advisory committee comprised of members of the petitioners’ bar and legal and medical
representatives of the respondent in Vaccine Act cases, the Secretary of Health and
Human Services. Autism Gen. Order #1 noted that the large number of petitions
already filed, and the even larger number of anticipated petitions,' would stretch both
the court’s resources and those of the bar. Petitioners acknowledged that their cases
were not yet ready for adjudication, as they were seeking discovery and additional time
for the completion of scientific studies to bolster their claims. Conducting such
discovery in the context of an omnibus proceeding, rather than in individual cases, was
clearly a more efficient use of resources of both the bar and the court.

Autism Gen. Order # 1 established the PSC to represent the interests of
petitioners. Membership on the PSC was determined by the petitioners’ bar, with two
attorneys selected by the PSC to serve as “lead counsel.” The PSC has represented
the general interests of autism petitioners continuously since the inception of the OAP.
However, counsel of record retained responsibility for all other aspects of their own
individual cases, including keeping clients informed about the process, and obtaining
medical records and other pertinent documents.™

Those petitioners with ASD petitions pending in the Program at the time Autism
Gen. Order # 1 was issued were permitted to “opt in” to the OAP, while retaining the
right to “opt out” at any time and return their cases to active status for resolution on an
individual basis. Relatively few petitioners have availed themselves of this opportunity.

New petitions filed after the issuance of Gen. Order #1 used a “short form”

2 Autism and ASDs are discussed in some depth in Section IV.

'* The publicly accessible website, www.uscfc.uscourts.gov/omnibus-autism-proceeding, contains
the OAP Master File (under the “docket” link), which includes orders, decisions, and periodic updates
issued by the special masters assigned to the autism docket. Most of petitioners’ and respondent’s filings,
including general causation evidence, are posted on this website. Beginning in June 2007, audio files and
transcripts of the Theory 1 hearings were also posted on this website. The Theory 2 hearing transcripts
and audio files are also posted, along with the expert reports.

" Well over 5,000 such petitions have been filed, approximately 4,800 of which remain pending.
See Autism Update, OAP Master File, filed October 9, 2009. Since the OAP was established, over 500
petitions have been resolved by decisions, voluntary dismissals, or involuntary dismissals of petitions filed
outside the statute of limitations.

'* A few law firms represent substantial numbers of OAP petitioners, with three firms each
representing more than 400 petitioners. Other attorneys represent only a few petitioners or even a single
petitioner.



petition format set forth in the order, as petitioners did in this case. Autism Gen. Order
#1 at 7. In a subsequent order, filed into the OAP Master File on July 8, 2002, Chief
Special Master Golkiewicz acknowledged respondent’s concerns'® that the short form
petitions would not permit evaluation of cases for the statutorily-required
documentation,’” but found that the OAP procedures represented the most efficient
method for handling the overwhelming number of cases.

2. The OAP Discovery Process.

The discovery process in the OAP was initially handled by Special Master
George Hastings, to whom all the cases were once assigned. Based on a draft
proposed by petitioners’ representatives, Autism Gen. Order # 1 established a master
schedule for resolving the ASD cases, which included a discovery period, followed by a
hearing on the general issue of causation, within two years of the OAP’s inception.

However, delays ensued. Although the master schedule anticipated completion
of discovery and designation of petitioners’ experts by August 2003, followed by
petitioners’ experts’ reports in November, 2003, those deadlines were subsumed by
disputes arising in the discovery process. Most of the discovery issues were amicably
resolved, but some remained contentious. Rulings were issued in some matters that
could not be resolved by the parties. See, e.g., Autism Update and Order, OAP Master
File, filed September 24, 2003.

3. Preparations for Hearing the Test Cases.

Autism Gen. Order #1 was written in contemplation of a “general causation
hearing” in March, 2004. At the request of the petitioners, this hearing date was
postponed. In a lengthy Ruling issued on August 11, 2005, Special Master Hastings
summarized reasons for the delay in the original timetable and addressed a government

'® In the Vaccine Rule 4 reports filed in response to short form petitions, respondent continued to
object to the short form procedure.

"7 Section 11(c) of the Vaccine Act requires the petition to be accompanied by certain
documentary evidence, including records pertaining to the vaccination and subsequent treatment. See
also Vaccine Rule 2(c), RCFC, Appendix B.

'® The PSC, counsel for respondent, and the OSM have developed and implemented a plan to
supplement the short form petitions and to resolve expeditiously those cases with jurisdictional or other
defects. Approximately 200 cases per month are added to the process, which entails the filing of sufficient
medical records to make a determination whether the case was timely filed and whether the vaccinee has
an ASD or similar condition. Further filings then ensue in those cases filed within the statute of limitations
and properly assigned to the OAP. Once all the statutorily-mandated documents are filed, the remaining
cases will be resolved, at least in part, by the causation evidence filed in the three Theory 1 test cases and
the King, Mead, and Dwyer Theory 2 test cases. Of course, in accordance with Autism Gen. Order # 1,
petitioners may withdraw from the OAP at any time, and may present evidence of causation on their own.
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argument that he lacked the authority to delay the proceedings longer than 420 days.
Although he declined to force petitioners to try their cases before they were ready to do
so, he set a January 31, 2006 deadline for identification of expert witnesses. After
requesting and receiving an enlargement of this deadline, petitioners filed a list of 16
experts on February 14, 2006, and filed a curriculum vitae [‘CV”] for each of those
experts on March 22, 2006. On April 21, 2006, Special Master Hastings deferred the
filing of expert reports until December 31, 2006.

On July 18, 2006, the PSC filed a proposal for conduct of the general causation
proceedings. The PSC proposed a new hearing date in June, 2007, with the hearing
conducted over a two-to-three-week period in which petitioners would present evidence
regarding all theories of causation. The PSC opposed consideration of any specific
case. In September, 2006, Special Master Hastings adopted the PSC proposal for a
three-week general causation hearing. He ordered petitioners to file expert reports by
February 16, 2007, with respondent’s expert reports to be filed 60 days later.” At this
point, it was still unclear whether the general causation issues would be considered
alone or in the context of a test case.

The plan to consider all theories of causation at a single hearing was later
modified. As early as May, 2006, it appeared that the petitioners might request to
bifurcate the general causation issue into two proceedings, one addressing whether the
MMR vaccine could cause autism and the other addressing whether TCVs do so. See
Autism Update, OAP Master File, filed May 16, 2006. On January 9, 2007, the PSC
proposed hearing a single actual case to test the theory that a combination of the MMR
vaccine and TCVs caused ASDs. Subsequent hearings to address two other theories,
one in which TCVs alone were causal (Theory 2), and the other in which the MMR
vaccine alone was causal (Theory 3) were planned.”

The January 9, 2007 PSC filing also addressed an informal proposal by the court
that involved detailing two additional special masters to hear the general causation
question. The PSC opposed the proposal. Nevertheless, on January 11, 2007, Chief
Special Master Golkiewicz assigned two additional special masters to the OAP docket.
Special Master Campbell-Smith and | were the two additional special masters assigned.
See Notice Regarding Assignment of Autism Cases to Additional Special Masters, OAP

' The many delays requested by petitioners to file their expert reports resulted in a highly
compressed schedule in the final four months before the Cedillo hearing began. Until the petitioners’
expert reports were actually filed on February 20, 2007, respondent did not know precisely what
petitioners’ theory (or theories) of MMR-TCV causation entailed. Thus, respondent’s experts had a very
tight time schedule in which to review petitioners’ expert reports and the scientific and technical literature
upon which they were based, and to prepare their own reports and supporting materials.

2 The PSC later determined that test cases involving Theory 3 would not be necessary because
the evidence pertaining to this theory had been presented during the Theory 1 cases. See PSC Notice
Re: Theory 3, OAP Master File, filed August 7, 2008; Autism Update, OAP Master File, filed September
29, 2008.



Master File, filed January 11, 2007 (setting forth the reasons for detailing two additional
special masters).

a. The Theory 1 Cases.

The procedural history of the Theory 1 test cases was addressed in some detail
in my decision in Snyder v. Sec’y, HHS, No. 01-162V, 2009 WL 332044 (Fed. Cl. Spec.
Mstr. Feb. 12, 2009),%' and only matters subsequent to the decision denying
compensation will be addressed here. Motions for review in all three Theory 1 test
cases were filed with the Court of Federal Claims in March, 2009. In published orders,
all three motions were denied. On July 24, 2009, Judge Wiese denied the motion for
review in Hazlehurst and affirmed the special master’s decision. 88 Fed. CI. 473
(2009). On August 6, 2009, Judge Wheeler denied the motion for review in Cedillo and
affirmed the special master’s decision. 89 Fed. CI. 158 (2009). In both of these cases
(Cedillo and Hazlehurst), appeals were filed with the Court of Appeals for the Federal
Circuit. Those appeals remain pending. On August 11, 2009, Judge Sweeney denied
the motion for review in Snyder and affirmed my decision. 88 Fed. Cl. 706 (2009).
Petitioners in the Snyder case did not appeal Judge Sweeney’s decision.

b. The Theory 2 Cases.

Once it became clear that the PSC desired a separate evidentiary hearing on the
theory that TCVs cause ASDs, the special masters instructed the PSC to identify and
present three cases by September 30, 2008. Autism Update, OAP Master File, filed
March 14, 2007, at 5-6. On June 25, 2007, the PSC submitted a scheduling proposal
that outlined a process for identifying potential Theory 2 test cases, submitting expert
reports, and holding evidentiary hearings in January, 2008. The deadline for identifying
the test cases and submitting expert reports was initially set for August 31, 2007.
Petitioners submitted three general causation expert reports by September 4, 2007, and
requested and received an enlargement of time to identify their test cases and file their
case-specific expert reports, with a due date of November 19, 2007. Order Concerning
Schedule for PSC’s “Second Theory” of Causation, OAP Master File, filed September
27, 2007. The hearing date was postponed to May, 2008. /d.

After further requests for delay, the PSC identified three Theory 2 test cases and
filed case-specific expert reports in January, 2008. Autism Update, OAP Master File,
filed January 17, 2008, at 2. Respondent filed expert reports on February 25, 2008, and
March 14, 2008.

In early April, 2008, the PSC informed the court that petitioners wished to add Dr.

2! Decisions in the other two Theory 1 test cases, Cedillo and Hazlehurst were issued
simultaneously with Snyder. In each case, the special master found that the petitioners had failed to
establish by a preponderance of the evidence that the MMR vaccine, in combination with TCVs, can cause
ASDs.



Marcel Kinsbourne as an expert witness.? Respondent did not object, and Dr.
Kinsbourne’s expert report was filed on April 22, 2008—one month before the general
causation hearing commenced. See Transcript [“Tr.”]*® at 2041-42.

The hearing and the weeks preceding it contained a number of additional
surprises in terms of late-breaking events. On April 3, 2008, the three special masters
were informed that the petitioners in one of the three Theory 2 test cases wished to
withdraw from the OAP and proceed on a different theory of causation. Order
Concerning Case Processing, OAP Master File, filed April 16, 2008, at 2. Special
Master Hastings, Special Master Campbell-Smith, and | ordered the PSC to designate a
replacement test case prior to the commencement of the Theory 2 general causation
hearing on May 12, 2008. /d. The undetermined third test case was to be assigned to
me.

On May 5, 2008 (the week prior to the start of the general causation hearing),
petitioners filed more than 200 medical journal articles in the King and Mead cases. Tr.
at 242. Additionally, at the hearing itself, one of petitioners’ experts, Dr. Deth,
presented considerable testimony about matters not contained in his expert report,
including a substantial amount of evidence concerning unpublished research conducted
at his laboratory.*

Because the change in the third test case occurred so close to the
commencement of the general causation hearing in May, 2008, the new case could not
be identified in time for specific causation evidence concerning it to be presented at the
May, 2008 hearing. Thus, in addition to the general causation evidence applicable to all
Theory 2 cases, only the specific causation evidence pertaining to the Mead and King
cases was presented at the May 12-30, 2008 hearing. Autism Update, OAP Master
File, April 23, 2008, at 4. See also Autism Update, OAP Master File, filed July 8, 2008,
at 2. The PSC finally designated the Dwyer case as the third test case during an OAP
status conference held on June 12, 2008. Autism Update, OAP Master File, filed
September 29, 2008, at 2.

22 During the status conference in which the addition of Dr. Kinsbourne to petitioners’ witness list
was discussed, petitioners’ counsel represented that Dr. Kinsbourne had approached the PSC, indicating
that he could proffer an opinion on causation. See Tr. at 2041, 2044-45 (respondent’s counsel discussing
this status conference). At the hearing, Dr. Kinsbourne testified that petitioners’ counsel approached him
about testifying in the Theory 2 cases, and that he became involved in the cases around March, 2008,
shortly before he wrote his expert report. Tr. at 846.

% The general causation testimony was almost exclusively presented during the May, 2008
general causation hearing. For that reason, references to this general causation testimony are identified
using the abbreviation “Tr.” References to testimony in the Dwyer hearing use the same designation,
prefaced by the case name [i.e., “Dwyer Tr. at _"].

2 This evidence is discussed in much greater detail in Section VIl below.
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Respondent filed expert reports on general causation prepared by Drs. Clarkson
and Magos, but neither was available to testify at the May, 2008 general causation
proceeding. Initially, respondent intended to call Dr. Clarkson and Dr. Magos to testify
at the July, 2008 hearing, and petitioners intended to recall Dr. Aposhian (and possibly,
Dr. Kinsbourne) at that time to offer rebuttal testimony. Tr. at 2039-41, 2150-52 (bench
ruling indicating that petitioners could recall witnesses at the July hearing, but their
testimony would be strictly limited to rebuttal of Drs. Clarkson and Magos).

On June 12, 2008, respondent’s counsel informed the court and petitioners that
Drs. Magos and Clarkson would not be called to testify at the July hearing. See Order
Modifying Schedule for PSC’s “Second Theory of Causation” Cases, OAP Master File,
filed June 17, 2008, at 1. Petitioners maintained that they should still have an
opportunity to recall Dr. Aposhian at the July hearing to rebut the doctors’ expert
reports, as they were still part of the record. /d. Respondent subsequently sought and
received permission to withdraw Drs. Clarkson’s and Magos’ expert reports from the
record. Order Concerning Theory 2 General Causation Rebuttal, OAP Master File, filed
July 3, 2008, at 2.

The Dwyer case was heard on July 21-22, 2008. Petitioners submitted a
supplemental expert report by Dr. Aposhian on April 2, 2009. Respondent filed a
responsive supplemental expert report by Dr. Brent on May 8, 2009. The evidentiary
record in Dwyer was closed on August 27, 2009.?°

C. Evidence Constituting the Record as a Whole.

The evidence before me thus includes all of the evidence, less the medical
records of the other children, introduced before, during, and after the King/Mead
hearing, as well as all of the evidence filed in the Dwyer case itself. By orders filed
November 16, 2009 and March 1, 2010, I filed compact discs containing certain
evidence adduced in King and Mead into the record of this case.

To avoid the confusion the multiple exhibit numbers for the same scientific or
technical journal occasionally engendered in the Theory 1 cases, the parties in the
Theory 2 cases were ordered to maintain respective “Master Lists” of medical and

%5 | delayed closing the evidentiary record in this case for several months after receiving Dr.
Brent’'s supplemental report because petitioners had indicated at the conclusion of the Dwyer hearing that
they anticipated filing several soon-to-be-published studies that were expected to enhance their causation
claim. Dwyer Tr. at 298-99, 332. No additional studies were filed after July 6, 2009, when petitioners filed
an updated version of their master list of scientific articles. See Order, dated March 1, 2010 (crossfiling
these additional studies into this case). As of the date of this decision, petitioners have not requested that
the evidentiary record be reopened to consider any additional studies.
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scientific literature.?® Although some articles appeared on both petitioners’ master
reference list [‘PML”] and respondent’s master reference list [‘/RML”], this process
generally worked well, avoiding the repetitive filing of documents in each case.?” A
similar process was employed with regard to exhibits used at trial, with each party’s
exhibits being identified as “trial exhibits.”?® For example, Petitioners’ Trial Exhibit [“Pet.
Tr. Ex.”] 2, the slides accompanying Dr. Aposhian’s testimony, have the same trial
exhibit number in each of the three test cases.”

The expert reports were assigned different exhibit numbers or letters in each
case.*® Throughout this opinion, | will use the exhibit numbers and letters assigned
expert reports in Colin Dwyer’s case,*' even if a witness referred to it by one of the
exhibit designations from the Mead or King cases.

Accuracy problems with the original transcripts filed resulted in numerous
changes. The parties filed a joint stipulation agreeing on corrections, and more

% |n citing to these articles, | used the page number in the article itself, rather than page numbers
assigned at the time of filing. | note that it appears respondent’s latest master list chronicled 522 articles
(filed July 11, 2008), but an article labeled RML 523 was subsequently filed on October 7, 2008.
Respondent also filed medical literature with exhibit letters after the institution of the master list practice
(see Res. Exs. FF-II, filed May 27, 2009) that were not listed on her master list.

" The fact that a particular medical journal article was filed by a particular party or by both parties
does not constitute a party’s endorsement of the article’s premise or conclusions. Special masters
customarily require that a copy of any articles discussed (favorably or unfavorably) in an expert’s report be
filed with the report. A special master is not required to accept an expert report at face value (see §
13(b)(1) (indicating that “[a]ny such diagnosis, conclusion, judgment, test result, report, or summary shall
not be binding on the special master or court”)) and may thus explore the basis for the expert's
conclusions by reading and evaluating materials cited in the report. See also Perreira v. Sec’y, HHS, 33
F.3d 1375, 1377 n.6 (Fed. Cir. 1994); Burns v. Sec’y, HHS, 3 F.3d 415, 417 (Fed. Cir. 1993).

%8 At each hearing, some expert witnesses used slide presentations to aid the court in following
key points of their testimony. Other documents were used in cross-examination or in rebuttal testimony.
These exhibits were designated as trial exhibits and assigned consecutive exhibit numbers, preceded by
the designation of the party offering the exhibit.

% In Dwyer, counsel refiled the trial exhibits using master reference list numbers. To correspond
more closely to the transcript, which included frequent references to the trial exhibit number and page of
the slides, | will continue to identify petitioners’ trial exhibits by the numbers assigned during the hearings.

% For example, Doctor Deth’s expert report was Petitioners’ Exhibit 23 in the King case,
Petitioner’s Exhibit 17 in the Mead case, and PML 713 in the instant case. During the general causation
hearing, testimony concerning his report might have referred to either the King or the Mead exhibit
number.

3 Petitioners also filed their general causation expert reports using master reference list numbers,
rather than assigning the exhibits the next-in-order exhibit number in the Dwyer case. | will use the master
reference number for the expert reports and CVs, as no other exhibit numbers were assigned to them in
this case.
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accurate transcripts were subsequently filed. All transcript references are to these
corrected and revised transcripts.

The evidentiary record® in this case thus encompasses, inter alia, the transcripts
of more than three weeks of testimony and accompanying trial exhibits, including that
offered in the general causation hearing; over 1200 medical and scientific journal
articles; 20 expert reports;*® supplemental expert reports filed by both parties post-
hearing; the testimony of fact withesses on behalf of Colin; and Colin’s medical and
educational records.

D. Expert Witnesses and Their Qualifications.

In addition to presiding over and hearing all of the testimony in Colin’s own case,
| was present for all of the expert testimony in the general causation hearing, and thus
had the opportunity to see and hear all of the withesses whose testimony pertains to
Colin Dwyer’s case.

My evaluation of the testimony and the qualifications of the witnesses offering
that testimony is based, in part, on the factors the Supreme Court set forth in Daubert v.
Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993) and Kuhmo Tire Co. v.
Carmichael, 526 U.S. 137 (1999). Although the Federal Rules of Evidence, upon which
Daubert and Kuhmo Tire are based, do not apply in Vaccine Act cases, the Federal
Circuit has approved the use of the Daubert factors as a framework for evaluating the
reliability of expert testimony in Vaccine Act proceedings. Terran v. Sec’y, HHS, 41
Fed. CI. 330, 336 (1998), affd, 195 F.3d 1302, 1316 (Fed. Cir. 1999).

The relative disparity in qualifications is not determinative on the issue of
causation. A qualified expert with lesser qualifications may offer an opinion that, for a
variety of reasons, is more persuasive than that of a more qualified expert testifying on
behalf of an opposing party. It is, however, a factor to be considered in determining the
weight to be given to an expert witness’ opinion.

Nevertheless, withess qualifications are an important, and a largely objective,

%2 The Vaccine Act requires the special master to consider the record as a whole. See
§ 300aa—13(a): “Compensation shall be awarded...if the special master or court finds on the record as a
whole....” See also § 300aa—13(b)(1) (indicating that the court or special master shall consider the entire
record in determining if petitioner is entitled to compensation).

¥ | reviewed the case-specific report filed by Dr. Rust in the Mead case, as well as the case-
specific reports filed by Dr. Mumper in the King and Mead cases for information relating to general
causation, but such general causation evidence was otherwise included in their testimony, in Dr.
Mumper’s case-specific report in Colin’s case, or in the evidence from other witnesses. | have thus not
considered their reports in the other cases in arriving at my decision in this case. Likewise, | have not
considered the withdrawn reports from Drs. Magos and Clarkson, or evidence that relied upon their
reports.
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basis upon which to assess and weigh expert opinions. In virtually every area of
specialization in science and medicine about which testimony was offered, respondent’s
experts were far more qualified to opine than those of petitioners. Speaking generally,
the qualifications of the experts proffered by respondent, the relationship of those
qualifications to the subject matter of their testimony, and the quality of their testimony
far exceeded those of petitioners’ experts.

In terms of research, clinical experience, and publications in the subject matter of
the testimony proffered, respondent’s withesses were truly experts, and some were
world-class experts, in their fields. In contrast, most of petitioners’ experts had few
publications relating to the subject matter of their testimony and far less experience in
the subject matter of their proffered opinions. Respondent’s experts were practicing
physicians or research scientists (and sometimes both) who have taught and written
extensively on the specific subject matter about which they testified. Although most of
petitioners’ witnesses had adequate, and occasionally excellent, qualifications as
physicians and scientists, most were either not engaged in research and treatment, or
were engaged in research that was, at best, tangential to the subject matter of their
testimony. One of petitioners’ expert witnesses had testified very frequently in Vaccine
Act cases, and thus appeared to derive substantial income from expert witness fees.

In terms of clinical experience in diagnosing and treating children with ASD,
every one of respondent’s experts who treated children with ASD had more academic
training and clinical and research experience than petitioners’ experts. None of Colin’s
own treating physicians testified in this case, and to the extent that any of his medical
records reflect any opinions on causation, they focused on a temporal connection
between onset of his symptoms and a purported second MMR vaccination.* Thus,
there are no opinions of treating physicians to be considered on the causation issue. Of
the three witnesses who specifically opined on the cause of Colin’s condition, two were
engaged in treating children with ASD, but respondent’s expert had far more years of
experience in such treatment, more advanced training, and a record of research and
publication in the field not possessed by petitioners’ expert. The third expert filed a very
generic expert report, and did not testify.

The responses of witnesses to questions, whether from opposing counsel or from
the special masters themselves, was also a factor in weighing and evaluating testimony.
In general, respondent’s experts provided more responsive answers to such questions.
Respondent’s experts were generally more careful and nuanced in their expert reports
and testimony. In contrast, petitioners’ experts were more likely to offer opinions that
exceeded their areas of expertise, to “cherry-pick” data from articles that were otherwise
unsupportive of their position, or to draw conclusions unsupported by the data cited.
When an expert relied on a specific medical or scientific journal article in testimony or
referenced it in his or her report, | carefully compared the testimony or report to the

34 Colin’s medical records, vaccinations, and treatment are discussed in more detail in Section X,
below.
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article cited. Doctors Kinsbourne and Aposhian, in particular, on several occasions
cited articles for propositions not contained in the publication. Several of these
instances are set forth in greater detail in the sections dealing with their testimony.

The expert witnesses included, inter alia, neurologists, toxicologists,
pharmacologists, epidemiologists, psychiatrists, and pediatricians. For purposes of
comparison of qualifications, | have grouped the experts in subsections below by their
primary field of expertise or the primary focus of their testimony; however, some experts
offered opinions in more than one scientific discipline.®®

1. Epidemiologists.

Epidemiology is the science that studies the patterns or distributions of diseases
in human populations, and attempts to identify risk factors for those diseases. Tr. at
3088-89, 3625. All three epidemiologists who testified, Drs. Greenland, Goodman, and
Fombonne, had superb qualifications as expert witnesses. Of the three, Dr. Fombonne
had the most experience in conducting studies and writing about autism’s epidemiology.
Additionally, Dr. Rutter, who performed some of the earliest epidemiological studies of
ASD, was well qualified by his experience and publications to proffer opinions on
epidemiology, but | have listed his qualifications below in the section pertaining to the
psychiatrists and psychologists, because that area was the primary focus of his
testimony.

a. Doctor (Ph.D.) Sander Greenland.*
Doctor Greenland is currently a professor of epidemiology and statistics at the
University of California, Los Angeles. He has served on the faculty there since 1979.

Tr. at 73. He has a Ph.D. in public health. Tr. at 73.

He co-authored a textbook used in numerous public health and medical schools,
and has authored more than 300 peer reviewed® articles. Tr. at 43-44, 73. Doctor

% For example, one of respondent’s witnesses, Dr. Rutter, offered opinions in psychiatry, genetics,
and epidemiology, all areas in which he was extraordinarily well qualified.

% Doctor Greenland’s CV was filed as PML 714; his expert report was filed as PML 715. The
slides he used during his testimony were Pet. Tr. Ex. 1. Although the table of contents for the transcript in
the general causation hearing identified Dr. Greenland (and every other witness, including two of the
petitioners), as “MD,” (Tr. Index at 3) neither his testimony nor his CV reflected a medical degree.

% In the peer review process, after a manuscript is submitted to a medical journal, an editor sends
the manuscript out to experts in the field. The experts review the submission to determine if it is worthy of
publication and whether there are any problems involving methodology, techniques, or conclusion. The
peer reviewer's comments are presented to the editor in a report. After receiving comments from two or
three peer reviewers, the editor then determines if the article should be published, revised, or rejected. Tr.
at 1786-87. As Dr. Brent added, the process is not perfect, but it is the best system available. Tr. at 1786.
All good publications are peer reviewed. Tr. at 1786.
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Greenland lectures worldwide on epidemiological methods and statistics and is a
reviewer and an associate editor for epidemiology journals. Tr. at 73, 75.

During his career, Dr. Greenland has served as a consultant on epidemiology
and statistics for governmental agencies and private corporations, and as an
investigator on more than 30 grants and contracts from agencies such as the National
Institutes of Health and the Rockefeller Foundation. Tr. at 74.

b. Doctor Eric Fombonne.*®

Doctor Fombonne is currently the head of the division of child psychiatry for the
McGill University system in Montreal, Quebec, and heads the Department of Psychiatry
and Director of the Autism Clinic at Montreal Children’s Hospital.*®* Tr. at 3614. He
holds a federal appointment as a Canada Research Chair, and is a tenured professor of
medicine at McGill, where he teaches medical students and residents. Tr. at 3614.

Doctor Fombonne’s medical degree is from the University of Paris. Tr. at 3607.
He completed residencies in general psychiatry and child and adolescent psychiatry,
and has the French equivalent of board certification in child and adolescent psychiatry.
Tr. at 3608-09. He also holds a master’s certificate in biostatistics and human
physiology and has advanced training and experience in the epidemiology of psychiatric
disorders, including autism. Tr. at 3608, 3610.

Doctor Fombonne has been working in the field of autism spectrum disorders
since 1986.*° Tr. at 3609. His clinical practice*' includes the diagnosis of new cases of
autism and a caseload of children he follows on a long-term basis. Tr. at 3619. He was

% Doctor Fombonne’s CV was filed as Res. Ex. F, and his expert report was filed as Res. Ex. E.
The slides he used during his testimony were Res. Tr. Ex. 12.

% Within the hospital, he teaches pediatricians and family practice physicians about autism, as
well as providing lectures to community, research, and clinical practice groups. Tr. at 3615. He lectures
at conferences worldwide in the areas of autism, epidemiology, and vaccines, and assists in organizing
such conferences. Tr. at 3615-16. In addition to teaching physicians about the early signs of autism, he
also teaches about the psychopharmacological management of children with autism. Tr. at 3617.

40 After work in France on the epidemiology of child psychiatric disorders, he moved to London to
work with Sir Michael Rutter at the Maudsley Hospital and Institute of Psychiatry, one of the premier
psychiatric research facilities in the world, to run that facility’s autism program and head the section on
affective disorder research. He was also heavily involved with the autism section in the same research
unit. Tr. at 3610-12. He was appointed to the position of reader, similar to a professorship, in
epidemiological child psychiatry at King’s College, University of London, in 1997. Tr. at 3612-13.

1 During 2007 and 2008 he saw approximately 250-300 new patients. Tr. at 3619. He also runs
a psychopharmacology clinic for school-aged children, adolescents, and young adults with ASD
diagnoses, who have severe behavioral problems that have been unresponsive to behavioral interventions
and for whom medication is appropriate. Tr. at 3619-20.

16



involved in developing the diagnostic criteria for the ICD-10* and the DSM-IV. Tr. at
3617-18.

His epidemiological work in autism has involved conducting approximately 10
studies. He has published more than 160 peer reviewed articles on childhood
developmental and behavioral disorders as well as 34 book chapters pertaining to such
disorders and the epidemiology of autism. He serves on the editorial board of four
journals, serves as a reviewer for many journals, and was a reviewer for the National
Institutes of Health. Tr. at 3621-23. Doctor Fombonne is currently involved in writing an
autism textbook chapter on the epidemiology of autism for the American Psychiatric
Association. Tr. at 3624.

He appeared as an expert withess on autism and epidemiology in the Theory 1
cases,” and testified for the defendant at a Daubert hearing in a case against a
thimerosal manufacturer in the Eastern District of Texas.* Tr. at 3624-25.

c. Doctor Steven Goodman.*®

Doctor Goodman is currently a professor of oncology, epidemiology, biostatistics,
and pediatrics at the Johns Hopkins School of Medicine, where he has held a faculty
appointment since 1989.¢ Tr. at 3065-66.

He received his medical degree from New York University and then trained in
pediatrics at Washington University in St. Louis. After becoming board certified in
pediatrics, he received a master’'s degree in biostatistics and a Ph.D. in epidemiology
from the Johns Hopkins School of Public Health. Tr. at 3065-66. Doctor Goodman no
longer practices clinical medicine, but instead works primarily in epidemiology. Tr. at
3066. He is on the executive board of the Society for Clinical Trials.*” Tr. at 3066,

2 INTERNATIONAL STATISTICAL CLASSIFICATION OF DISEASES AND RELATED HEALTH PROBLEMS (World
Health Organization, 10th revision) [“ICD-10"].

3 Snyder, No. 01-162V, 2009 WL 332044, at *12.

4 Easter v. Aventis Pasteur, Inc., 358 F. Supp. 2d 574 (E.D. Tex. 2005) (Daubert ruling). The
case was dismissed without prejudice. No. 5:03-141 (E.D. Tex. Mar. 29, 2005).

45 Doctor Goodman’s CV was filed as Res. Ex. H. His expert report is Res. Ex. G.

6 Doctor Goodman teaches a required seminar for doctoral candidates in advanced principles of
epidemiology, and courses on meta-analysis, clinical research methods, and ethics in clinical research.
Tr. at 3067-68. He lectures on issues of inference and evidence synthesis (drawing conclusions from
data) to professional groups and organizations, such as the FDA. Tr. at 3068.

" The annual meeting of this society is sponsored by both academic institutions and corporate

sponsors, including two vaccine manufacturers. Doctor Goodman is not paid for his work for the society or
for his travel on its behalf. He edits the society’s journal. Tr. at 3120-21.
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3120.

His publications include more than 100 peer reviewed scientific articles, with
cancer research the primary focus. He has authored six book chapters and wrote the
lead chapter in the 2004 Surgeon General’s report on smoking. Tr. at 3069-70. He
served as the senior statistical editor for one of the world’s leading medical journals and
has performed editorial and reviewer roles for other medical and scientific journals. Tr.
at 3071. Doctor Goodman has been a member of various IOM committees, including
the IOM’s Immunization Safety Review Committee.*® Tr. at 3072, 3076.

2. Toxicologists, Medical Toxicologists, and Teratologists.

Toxicology is the science that explores the adverse effects of chemical
substances on living systems. Tr. at 1796; Res. Tr. Ex. 4, slide 2. Those who study
these effects can be considered toxicologists. Tr. at 1796-97. The title of “medical
toxicologist” has a specific meaning, because it is a subspecialty of medicine recognized
by the American Board of Medical Specialties. To qualify as a medical toxicologist, a
person must be a licensed physician who is board certified, has completed a two-year
post-residency fellowship, and has passed a certifying examination, with periodic
recertification. Tr. at 1797. Petitioners’ testifying expert, Dr. Aposhian, is a
toxicologist.*® Tr. at 246. In contrast, respondent’s expert, Dr. Brent, is a medical

8 The IOM committees are comprised of individuals who are regarded as experts in a field
relevant to the report being prepared. Committee members read through published reports, listen to
public testimony and other evidence, and develop conclusions regarding the subject being studied. Tr. at
3074-75. Before being published, IOM reports are peer reviewed by a panel of scientists who comment
on the committee’s work. The committee responds to the review panel's comments, and must explain why
any change recommended was or was not made. Tr. at 3075. At the time of the review, the identity of the
reviewers is not known to the committee members. Tr. at 3075-76. The Immunization Safety Review
Committee was formed because of concern by Congress and the Centers for Disease Control and
Prevention [“CDC”] about a variety of hypotheses concerning vaccine safety and the desire for a fair and
unbiased review of these hypotheses. Tr. at 3076. The committee has issued a series of reports involving
various vaccines and autism and other developmental disorders. Tr. at 3077-78.

“9 Doctor Aposhian debated the significance of this terminology. He claimed that “the board” uses
the term “clinical toxicologist” rather than “medical toxicologist.” Tr. at 245. The American Board of
Medical Specialities uses the term “medical toxicologist,” (see www.abms.org), but perhaps Dr. Aposhian
meant another organization, such as The American Academy of Clinical Toxicology, which uses “clinical
toxicologist” (see www.clintox.org), but does not define the term and does not certify specialists. When
challenged on this point during cross-examination, he testified that the terminology must have “changed
then...[b]ecause two of the members at the University of Colorado spent time in my laboratory, and one of
them took time off to study for her board exams in clinical toxicology.” Tr. at 245. In response to a
question about whether he was a medical toxicologist, Dr. Aposhian responded: “It depends on how you
define the term medical toxicologist.” Tr. at 245. He then discussed several overseas consultations that
involved his supervision of a team dealing with human toxicology issues. Tr. at 246. The Institute of
Medicine draws a distinction between these terms: “The term clinical toxicologist implies a more clinical
orientation, but [like toxicologist] has no specific definition or implications. Medical toxicologists are
physicians with specific training and board certification in the subspecialty of medical toxicology, which
focuses on the care of poisoned patients.” |IOM, FORGING A POISON PREVENTION AND CONTROL SYSTEM 1
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toxicologist,* one of 350 medical toxicologists in the United States. Tr. at 1797.

Teratology is a type of toxicology focused on the effects of toxins on the
developing human or animal. Tr. at 2911. Teratologists are experts on birth defects.
Tr. at 2912. Doctor Rodier was the only teratologist who testified.

a. Doctor (Ph.D.) Vas Aposhian.®’

Doctor Aposhian is professor emeritus of molecular and cellular biology and of
pharmacology in the College of Medicine at the University of Arizona. Tr. at 137; CV of
Dr. Aposhian, PML 710, at 1. He retired in January, 2008. Tr. at 243. His lab remains
active, and he currently holds grants for research from both private foundations and the
federal government. Tr. at 137, 243.

He holds a Ph.D. in physiological chemistry from the University of Rochester and
spent three years doing research as an NIH senior postdoctoral fellow. Tr. at 139; Pet.
Tr. Ex. 2, slide 3. He has published more than 200 articles, served as associate editor
of a number of journals, and has reviewed many papers for peer reviewed journals. Tr.
at 139. Much of his published work has dealt with heavy metal toxicology. Tr. at 140.
He cited developments in chelation as his major contribution to science since 1979. Tr.
at 250.

He described himself as “a basic science bench investigator.” He has not
published any peer reviewed article on autism, mercury in the immune system,
thimerosal toxicity, or ethylmercury toxicity. Tr. at 247-48. Nevertheless, he also
described himself as an expert on the relationship of mercury to autism.** Tr. at 248.

b. Doctor Jeffrey Brent.*

Doctor Brent is a clinical professor of pediatrics and medicine at the University of
Colorado Health Sciences Center. He is a board certified medical toxicologist, and

n.1 (2004). I resolve this debate against Dr. Aposhian. Although highly qualified in the general area of
toxicology, he is not a medical toxicologist.

%0 Doctor Haynes is also a medical toxicologist, but he did not testify. His qualifications are
discussed, with those of the other non-testifying expert, below.

*" Doctor Aposhian’s CV was filed as PML 710. His original expert report was filed as PML 711,
and his supplemental report as Pet. Ex. 21. The slides he used during testimony were Pet. Tr. Ex. 2.

%2 He testified that he acquired his expertise on mercury and autism in response to a request to
testify before a Congressional committee on mercury toxicity. Tr. at 249-50.

% Doctor Brent’s CV was filed as Res. Ex. B. His expert report was Res. Ex. A, and his

supplemental expert report was Res. Ex. EE. The slides he used to illustrate his testimony were Res. Tr.
Ex. 4.
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maintains a private clinical practice in addition to his clinical duties at the Health
Sciences Center.>* Tr. at 1781.

He holds a master’s degree in molecular biology, a Ph.D. in biochemistry, and a
medical degree. He completed a residency in emergency medicine, and a two-year
subspecialty fellowship in medical toxicology. Tr. at 1782. He remained on the faculty
at the University of Colorado after completing his fellowship there, and he is now a full
professor.® Tr. at 1782-83.

He is the recipient of the Louis Roche award, given annually by the European
Association of Poison Control Centers and Clinical Toxicologists to one person who has
contributed greatly to the field of toxicology. Tr. at 1783. He has served as a consultant
to many government agencies, including the United States Department of Justice and
the CDC. Tr. at 1783-84. He frequently lectures on toxicology throughout the U.S. and
internationally. Tr. at 1784-85.

He is a reviewer for a number of medical journals and has published more than
200 articles in peer reviewed journals, as well as abstracts and book chapters on
toxicology. Tr. at 1786-87.

Although he received money from a pharmaceutical company for speaking
engagements early in his career, he has not done so in the last 15 years. He has
received some funding from pharmaceutical companies for research, including research
on a newer class of antidepressants to determine their safety. Tr. at 1787-88. More
recently, he received a grant from the FDA for clinical trials of a new antidote, which has
now been introduced into clinical use. Tr. at 1789.

He has appeared as an expert withess several dozen times in the last 18 years,
including providing testimony on behalf of a pharmaceutical company. Tr. at 1789-90.
He provided a deposition in the Easter case®® on behalf of defendant GlaxoSmithKline.
Tr. at 1790-91. He was also an expert witness in the Theory 1 OAP cases.”

In his private practice, Dr. Brent sees and treats patients with heavy metal

% His private practice, Toxicology Associates, is a single specialty group practice devoted to
medical toxicology. The practice involves patient care, research, and teaching. Tr. at 1792.

% His clinical professorial duties involve serving as an attending physician, where he sees patients
suffering adverse effects of drugs or chemicals. In this regard, he supervises the residents and fellows
who provide the direct patient care. He lectures in training programs at the university and is expected to
publish and conduct research. Tr. at 1791-92.

% This is the same civil litigation in which Dr. Fombonne provided expert testimony. See supra
note 44; see also Tr. at 1791.

" See Snyder, No. 01-162V, 2009 WL 332044, at *19-20.
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toxicity, including mercury toxicity. Tr. at 1792-95. He has treated children with autism
for lead toxicity related to pica. He also receives patients on referral from their primary
care physicians who are seeking information on chelation therapy. Tr. at 1795-96.

c. Doctor (Ph.D.) Patricia Rodier.*®

Doctor Rodier is a teratologist. She currently works at the University of
Rochester Medical Center as a professor of obstetrics and gynecology. Tr. at 2910-11.

She received a Ph.D. from the University of Virginia in experimental psychology,
completed post-doctoral work at the University of Virginia Medical School in embryology
and teratology, and remained there on the medical school faculty. Tr. at 2911. In
connection with her Ph.D., Dr. Rodier was selected to be a Woodrow Wilson fellow. Tr.
at 3007.

Although a medical school professor, Dr. Rodier has few teaching or
administrative duties. Tr. at 2912. For the last 20 years, she has been almost
completely supported by research grants. Doctor Rodier has studied autism since the
early 1980s. Tr. at 2917. She currently holds two NIH grants for work on autism
totaling approximately $2.5 million per year.*® Tr. at 3007. She has published more
than 50 peer reviewed articles on brain damage. Report of Dr. Rodier, Res. Ex. U, at 1-
2; Tr. at 2913.

Doctor Rodier is the director of the NIH Collaborative Program of Excellence in
Autism, and of the NIH Autism Research Center of Excellence located at the University
of Rochester. Res. Ex. U at 1. Doctor Rodier has served as the president of the
editorial board of one journal and as a reviewer for several others. Tr. at 2914.

Her testimony in the Theory 2 cases was her first court appearance as an expert,
although she had previously submitted expert reports or affidavits in two other cases,
including the Redfoot case.®® Tr. at 3008. She did not testify because the cases were
dismissed before trial. Tr. at 3008.

Doctor Rodier limited her expert opinions to two areas: (1) the relationship
between mercury and autism; and (2) the time in human development when autism

%8 Doctor Rodier’'s CV was filed as Res. Ex. V, and her expert report as Res. Ex. U. The slides
she used during her testimony were Res. Tr. Ex. 11.

% These grants fund 30-40 researchers at the Ph.D. or M.D. level, with Dr. Rodier supervising the
research. Tr. at 3008.

¢ The plaintiff in Redfoot v. B.F. Ascher & Co. alleged that defendant’s nasal spray product, which
contained thimerosal, caused her son’s autism. Defendants prevailed on summary judgment. No. 05-
2045, 2007 WL 1593239 (N.D. Cal. June 1, 2007). Doctor Rodier also testified that she prepared an
expert report for “the Canadian Omnibus which was on the same subject as this one.” Tr. at 3008.
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begins. Tr. at 3009.
3. Pharmacologists, Neuropharmacologists, and Neurotoxicologists.

Pharmacology is “the science that deals with the origin, nature, chemistry,
effects, and uses of drugs.” DORLAND’S ILLUSTRATED MEDICAL DICTIONARY (30" ed. 2003)
[‘DORLAND’S”] at 1415. Neuropharmacology is “that branch of pharmacology dealing
especially with the action of drugs upon various parts and elements of the nervous
system.” DORLAND’S at 1258. Neurotoxicology is the scientific study of poisons and
their effects on nerve tissue. See DORLAND’S at 1260, 1926 (defining neurotoxic and
toxicology).

Particularly in this area, the relative disparity in the qualifications of the parties’
experts was most apparent, with the qualifications of respondent’s experts
overwhelmingly greater than those of petitioners’ expert, Dr. Deth. Doctor Deth testified
about oxidative stress, sulfur metabolism, and dopamine receptors, with relatively
sparse and recently acquired qualifications in each of those areas.®’ Respondent’s
experts had superb and long-standing expertise, each in defined areas. To illustrate:
Dr. Deth had one publication on oxidative stress, a review article. In contrast, Dr.
Roberts, one of respondent’s experts, has written approximately 180 publications on
oxidative stress and holds several patents related to oxidative stress. Much of Dr.
Deth’s testimony concerned dopamine receptors (discussed in some detail in Section
VII), but he had relatively little in the way of publications or research credentials on
these receptors. In contrast, Dr. Mailman had more than 100 peer reviewed
publications on dopamine receptors. There were similar disparities between Dr. Deth’s
qualifications and those of respondent’s other experts in these fields.

a. Doctor (Ph.D.) Richard Deth.®?

Doctor Deth is currently a professor of pharmacology in Northeastern University’s
Department of Pharmaceutical Sciences in Boston, where he has held a faculty
appointment for nearly 32 years. Tr. at 493-94. He holds a Ph.D. in pharmacology from
the University of Miami, and completed a post-doctoral fellowship at the University of
Leuven in Belgium. Tr. at 495; CV of Dr. Deth, PML 712, at 1.

In conjunction with his faculty appointment, he maintains a laboratory where he
has performed research, first in cardiovascular studies relating to hypertension, and
more recently in receptors, the molecules that respond to neurotransmitters. His

" Each of these terms (oxidative stress, sulfur metabolism, and dopamine receptors) are defined
and discussed in Section VIl below.

62 Doctor Deth’s CV was filed as PML 712, and his report was filed as PML 713. His slide
presentation, used during his testimony, was Pet. Tr. Ex. 3.
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research has been supported by NIH®® and American Heart Association grants, as well
as by autism advocacy groups.®* Tr. at 494-95. His research budget in 2008 was about
$90,000. Tr. at 594-95.

He trains doctoral students as well as undergraduates, and has approximately 70
peer reviewed publications. He has some work in press regarding autism. Tr. at 495-
96. He asserted that one of his books was closely related to his autism research. Tr. at
496. His discovery of a dopamine receptor signaling activity in 1998 prompted him to
leave cardiovascular research and move into neuroscience and neuropharmacology.
Tr. at 496-97. His research pertinent to the causation hypothesis he advanced is
discussed in detail in Section VII below.

b. Doctor (Ph.D.) Richard Mailman.®

Doctor Mailman is currently a professor of psychiatry, pharmacology, neurology,
and medicinal chemistry at the University of North Carolina School of Medicine, where
he did postdoctoral training in drug metabolism and neuropharmacology. Tr. at 1975.
He earned his Ph.D. in physiology with a minor in toxicology from North Carolina State
University. His position primarily involves research, but spends approximately 25% of
his time teaching graduate students, medical students, and residents. Tr. at 1975-76.

He has published more than 170 peer reviewed articles and about 85 book
chapters. At least two-thirds of his publications involve work on dopamine receptors.
Tr. at 1976-77. He sits on the editorial boards of three journals, and reviews papers for
between 15 and 20 journals per year. Tr. at 1977.

% These NIH grants apparently pertained to Dr. Deth’s cardiovascular research. He testified that
the two “grants pending” on his CV were never approved, including a grant proposal submitted to the NIH
for funding for autism research. Tr. at 586-87; CV, PML 712, at 4. He testified that his NIH proposal was
rejected because the reviewer felt “it was inappropriate to study thimerosal, because [the reviewer had
already made up his mind that] it doesn’t cause autism,” based on the FDA'’s public position on the
thimerosal-autism theory. Tr. at 588. Further information regarding the NIH approval process for grants is
provided in Section VII below.

% Qver the last five years, his funding has largely come from organizations composed of parents
of children with autism, such as Autism Speaks, SafeMinds, the National Autism Association, and the
Autism Research Institute [‘ARI”]. Tr. at 595. SafeMinds contributed roughly one quarter of his budget for
research in 2007 and 2008. Tr. at 596. | note that SafeMinds was formed by a group of parents who
believed that mercury was responsible for their children’s ASD. See J. Baker, Mercury, Vaccines, and
Autism, AM. J. PUBLIC HEALTH, 98(2): 244-53, 251 (2008) [“Baker™], filed as PML 599. Doctor Deth had two
separate grants from ARI during the calendar year prior to his testimony, one involving the importance of
methylcobalamin in methionine synthase activity and another to investigate methods to measure
homocysteine thiolactone. Tr. at 596. The latter study grant was for $35,000, and the former was similar
in size. Tr. at 597. Doctor Mumper, one of petitioners’ other experts, is a director of ARI. Dwyer Tr. at 97.

% Doctor Mailman’s CV is Res. Ex. R, and his report is Res. Ex. Q. The slides he used to
illustrate his testimony are Res. Tr. Ex. 5.
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Between 2001 and 2004, Dr. Mailman founded and owned a small
pharmaceutical company, DarPharma, Inc. Tr. at 2018. The company was sold in
2005. Tr. at 2019. One of the company’s research interests was developing drugs to
treat Parkinson’s disease and other conditions, including ADHD. Tr. at 2021-22. He is
currently involved with a new, privately held company. Tr. at 2025-26. He also
currently receives federal research funding in the form of two grants. Tr. at 2028.

c. Doctor L. Jackson Roberts, 11.8

Doctor Roberts has been a full professor at Vanderbilt University since 1986. Tr.
at 2155. In 2006, he was appointed to an endowed chair as the T. Edwin Rogers
Professor of Pharmacology. Tr. at 2155. He has a laboratory at Vanderbilt, where he
supervises and mentors four research assistants and a Ph.D. student. Tr. at 2159-60.

Doctor Roberts received his medical degree from the University of lowa. He is
board certified in internal medicine. Tr. at 2154. He moved to Vanderbilt University for
a fellowship in clinical pharmacology and remained there after completing it. Tr. at
2154-55.

Doctor Roberts has been elected to two prestigious medical societies, the
American Society for Clinical Investigation and the Association of American Physicians.
He has received a merit award from NIH, which is a 10-year funding grant given only to
scientists with a long record of accomplishments. Tr. at 2156-57. In 2006, he received
an award from the Society for Free Radical Biology in Medicine and the Earl Sutherland
prize for achievement in research from Vanderbilt University. Tr. at 2157.

He is the associate editor of a medical journal and has published more than 340
peer reviewed articles, abstracts, and book chapters, with approximately 180 on
oxidative stress. Nearly all of his papers published since 1990 have been in the area of
oxidative stress. He also lectures about oxidative stress and oxidative injury at
international meetings and at professional societies. Tr. at 2157-58, 2160-61. He has a
long list of current grants, including two on oxidative injury or damage. Tr. at 2158-59.
He holds several patents specifically relating to oxidative stress, granted between 1997
and 2003. Tr. at 2160; Res. Tr. Ex. 6, slide 3.

Doctor Roberts limited his field of expertise to oxidative stress and oxidative
damage as it relates to various diseases. Tr. at 2165-66.

% Doctor Roberts’ CV was filed as Res. Ex. T and his expert report as Res. Ex. S. The slide
presentation accompanying his testimony was Res. Tr. Ex. 6.
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d. Doctor (Ph.D.) Jeff Johnson.®’

Doctor Johnson is a professor in the School of Pharmacy at the University of
Wisconsin. He received a master’s degree in pharmacology from the University of
Minnesota and a Ph.D. from the University of Wisconsin in environmental toxicology.
Tr. at 2198. He completed a postdoctoral fellowship at the University of Washington in
neuroscience. Tr. at 2199. He described himself as a neurotoxicologist. Tr. at 2203.

His teaching responsibilities at the University of Wisconsin include both
undergraduates and professional students in the pharmacology doctoral program. In
addition to teaching, he has a research laboratory where the primary focus of his work is
on neurodegenerative diseases, including Alzheimer’s, Parkinson’s, ALS,% and
Huntington’s disease. His specific research focus is on ways to prevent cell loss and
neuronal death in these diseases. Tr. at 2199.

He has published extensively in this field of research, serves as a reviewer for
20-30 different journals, and has garnered several awards. Tr. at 2200-01; CV of Dr.
Johnson, Res. Ex. R, at 2. He served on a study section at NIH for five years, reviewing
grant applications in the area of neurotoxicology and alcohol. Tr. at 2202-03.

e. Doctor (Ph.D.) Dean Jones.®

Doctor Jones joined the faculty at Emory University in 1979, where he currently
holds a faculty appointment in the Department of Medicine.”® Tr. at 2692-93. Doctor
Jones earned a Ph.D. in medical biochemistry from the University of Oregon and did a
postdoctoral fellowship in nutritional biochemistry at Cornell University. Tr. at 2692. He
was a visiting scientist in molecular toxicology at the Karolinska Institute in Stockholm
for two years.

He has received Emory University’s Albert E. Levy Research Award, the premier
research award given by the university. He received a Nobel Fellowship for research in
molecular toxicology approximately 10 years before his testimony. Tr. at 2693.

" Doctor Johnson’s CV was filed as Res. Ex. J, and his expert report as Res. Ex. |. The slides he
used during testimony were Res. Tr. Ex. 7.

68 “ALS” stands for amyotrophic lateral sclerosis. It is a motor neuron disease marked by
progressive degeneration of the neurons and motor cells in particular areas of the brain and spinal cord. It
is sometimes called “Lou Gehrig disease.” DORLAND’S at 1668.

% Doctor Jones’ CV was filed as Res. Ex. L and his expert report as Res. Ex. K. His slide
presentation from the trial was Res. Tr. Ex. 9.

® He teaches nutritional biochemistry, gastroenterology, pharmacology, toxicology, and
metabolism. Tr. at 2696.
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He is a regular reviewer for journals and served for several years on two of NIH’s
toxicology study sections. He chaired the NIH’s Alcohol and Toxicology study section.
The chair oversees the peer review process for grant applications. Tr. at 2694.

One of his current major grants is on oxidative stress mechanisms, examining
protective mechanisms against oxidative stress in cellular nuclei and cytoplasm. He is
also one of the assistant program directors on a $22 million award from NIH to a
consortium of three universities. He directs two Emory laboratories. One focuses on
clinical biomarkers, including oxidative stress markers, cytokine measurements,
inflammatory markers, and analytical services for researchers throughout Emory
University. Tr. at 2695. The other, his own research laboratory, is focused on oxidative
biochemistry. Tr. at 2695-96.

He has written more than 325 peer reviewed articles, reviews, and book
chapters. Tr. at 2696. About two-thirds of his peer reviewed articles are in the field of
sulfur metabolism. Tr. at 2696-97. More than 100 of his original research articles
address the issue of oxidative stress, a topic about which he lectures nationally and
internationally.”” Tr. at 2697.

Doctor Jones limited his expert testimony to sulfur metabolism and oxidative
stress. Tr. at 2698.

4. Neurologists, Neuropathologists, Psychiatrists, and Clinical Psychologists.
a. Doctor Marcel Kinsbourne.”

Doctor Kinsbourne currently teaches methodology and statistics. Tr. at 776. It
appears from his CV that this is at the undergraduate level at New School University in
New York. See PML 716 at 2. He is a pediatric neurologist who focused on mental
development disorders in children, including dyslexia, early in his career. Tr. at 770.
His clinical practice involving children ended about 18 years prior to his testimony. He
now focuses on research and writing. Tr. at 775-76, 910.

During an associate professorship at Duke, he was chief of the division of
Pediatric Neurology and head of the Developmental Evaluation Clinic, where he had the
opportunity to see children with autism and ASD. Tr. at 770-71. He co-authored one
article on care of children with autism while at Duke in 1971. CV, PML 716, at 8. He
also began a research program concerning attention deficit disorder, which resulted in
seeing children who may have had either attention-deficit/hyperactivity disorder

" He was an invited speaker at a meeting in Korea on oxidative biochemistry in 2007 and in
Japan in 2008 on biomarkers of oxidative stress, health, and disease. Tr. at 2697. Shortly after the
hearing in this case, he was scheduled to attend a free radical research meeting in Berlin. Tr. at 2697-98.

2 Doctor Kinsbourne’s CV was filed as PML 716, and his expert report was PML 717.
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[‘ADHD”] or a high-functioning level of autism. Tr. at 771-73.

Thereafter, he moved to Toronto to be a professor of child neurology, where he
saw children with developmental disorders, including autism, at the university clinic, and
published a number of articles on various issues in developmental disabilities. Tr. at
773. Upon leaving the University of Toronto, he returned to the U.S. to become the
chief of the Division of Behavioral Neurology at the Eunice Kennedy Shriver Center for
roughly 11 years. During that period, his clinical work and research was entirely in the
area of developmental disabilities, and he saw hundreds of children. He also consulted
with a state facility for children with mental retardation and developmental disabilities.
Tr. at 773.

He has reviewed articles for medical and scientific journals. Since the early
1970s, he has written and updated a chapter on developmental disabilities, including
autism, in a textbook on child neurology. Tr. at 773-74. During the 1980s, he published
two articles on autism. The 1980s articles, the book chapter, and one article,” a study
of certain autistic behaviors related to his hypothesis in this case and in the Theory 1
cases, are the extent of his writing on autism in the last 30 years. Tr. at 910. He has
also written two articles on “overfocusing,” which he now believes to represent high
functioning autism, but which also appears to be present in normal children and in
children with more severe forms of autism. Tr. at 774-75.

Doctor Kinsbourne acknowledged appearing on behalf of petitioners in about 130
cases in the Vaccine Program and indicated that he was currently retained in 20-30
cases.” Tr. at 918-19. He has opined that vaccines caused, among other disorders,
encephalopathies, seizure disorders, Guillain-Barré syndrome, transverse myelitis,
acute disseminated encephalomyelitis, and septicemia, in addition to autism. Tr. at 919.

3 M. Liss, et al., Sensory and attention abnormalities in autistic spectrum disorders, AUTISM 10(2):
155-72 (2006) [“Liss”], filed as PML 373.

" Doctor Kinsbourne’s participation in the Vaccine Program has been more extensive than the
transcript describes. As | chronicled in Snyder, “In the 20 years of the Vaccine Program’s existence, Dr.
Kinsbourne has appeared as an expert witness in at least 185 cases. This figure does not include his
opinions in the many unpublished cases adopting stipulations of settlement, nor does it reflect pending
cases in which he has filed an expert opinion.” 2009 WL 332044, at *12. Although income from expert
opinions and testimony is more difficult to estimate, | note that Dr. Kinsbourne has been awarded $500 per
hour in recent Vaccine Act cases. See, e.g., Hall v. Sec’y, HHS, No. 02-1052V, 2009 WL 3423036, at *30
(Fed. Cl. Spec. Mstr. Oct. 6, 2009); Walmsley v. Sec’y, HHS, No. 06-0270V, at *14 (Fed. CIl. Spec. Mstr.
Nov. 6, 2009). Based on my experience in awarding expert fees, it would not be uncommon for an expert
with Dr. Kinsbourne’s qualifications to have received well in excess of $1000 for writing an expert report,
and substantially more for testimony, in a single case.
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b. Doctor Robert Rust.”

Doctor Rust currently holds the Worrell Chair in Neurology, Child Neurology, and
Epileptology at the University of Virginia.”® He is the director of child neurology and the
co-director of the epilepsy and child neurology clinics there. Tr. at 2351.

Doctor Rust received a medical degree from the University of Virginia. He
completed a residency in pediatrics at Yale University, followed by training in neurology,
child neurology, developmental neurochemistry, and neonatal neurology at Washington
University in St. Louis. Tr. at 2352. CV of Dr. Rust, Res. Ex. Y, at 2-3. He is board
certified in pediatrics and neurology, with a subspecialty in child neurology. Tr. at 2352.

He has served on the editorial boards of medical journals, and currently serves
as a reviewer for 16-18 journals. He has authored about 50 papers published in major
neurology journals. Tr. at 2352-53. He has also authored more than 50 book chapters
and reviews. Tr. at 2353.

His research interests are broad, and include autism, headache, behavioral
disturbances in children, epilepsy, ataxia, and degenerative conditions of children. He is
involved in research in the EEG aspects of both neonatal neurology and autism. Tr. at
2354. Doctor Rust has diagnosed “many hundreds” of children with autism over the
course of his career. Tr. at 2355. He currently treats between 80 and 100 children with
the condition. Tr at 2355.

Doctor Rust testified for respondent in Hazlehurst, a Theory 1 OAP case. Tr. at
2517; 2009 WL 332306, at *8. He has testified in two other Vaccine Act cases on
behalf of petitioners. See Snyder, 2009 WL 332044, at *14.

c. Doctor Michael Rutter.””

Doctor Rutter is currently a professor of developmental psychopathology at the
Institute of Psychiatry, Kings College, London.” Tr. at 3236. He received his medical

> Doctor Rust’s CV was filed as Res. Ex. Y. His expert report was filed as Res. Ex. X. Dr. Rust's
slides from his trial testimony were Res. Tr. Ex. 8.

’® He teaches neurology, pediatrics, developmental pediatrics, and psychiatry. Tr. at 2354. He
has his own medical practice at the University of Virginia, and runs clinics for the residents in neurology,
pediatrics, developmental pediatrics, and psychiatry, as well as outreach clinics run by the university for
patients living in southwest Virginia. Tr. at 2355.

" Doctor Rutter's CV is filed as Res. Ex. AA, and his expert report is Res. Ex. Z.
"8 His current teaching responsibilities are all at the post-graduate level. Tr. at 3246. He teaches

a course for Ph.D. students on social development, which deals, in part, with gene-environmental
interactions and the use of natural experiments to test causal inferences about environmental causes of
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degree in 1955 and the British equivalent of a Ph.D. in 1962. Tr. at 3236. He initially
trained in general internal medicine, but also trained in both neurology and pediatrics
before training in psychiatry and then in child psychiatry. Tr. at 3236. He has the British
equivalent of a board certification in both psychiatry and internal medicine. Tr. at 3237.

Doctor Rutter began working in child psychiatry in 1959 or 1960. Tr. at 3238. He
became a senior lecturer at the Institute of Psychiatry at Maudsley Hospital in 1966 and
became a full professor there in 1973.”° Tr. at 3239. He began treating children with
autism in the early 1960s, and continues to do so, albeit in smaller numbers. Tr. at
3243. He has diagnosed hundreds of children with autism, and has followed many of
them into adolescence, both clinically and as part of two major systematic follow-up
studies. Tr. at 3243.

Since 1998, he has held a research chair, although he continues to teach and he
maintains a clinical practice. Tr. at 3239. His current research involves quantitative
genetic studies of twins and adoptees, and molecular genetic studies of autism. Tr. at
3244. He is particularly involved in examining gene-environment interactions. Tr. at
3245.

He is the clinical vice president of the Academy of Medical Science, and sits on
research advisory committees around the world. Tr. at 3240. He has performed
research in a variety of areas, including the first systematic epidemiological study in
England examining mental disorders in children, the first co-morbidity study, quantitative
genetic studies, and now molecular genetics studies, in addition to his work on autism.
Tr. at 3240-41. He performed a study demonstrating the higher incidence of epilepsy in
autistic adolescents and young adults, which was the first evidence that autism was a
neurodevelopmental, rather than a psychiatric, disorder. Tr. at 3241-42. He also
worked on twin and family studies of autism. Tr. at 3242. He was a co-author of the
Autism Diagnostic Interview, Revised [“ADI-R”] and the Autism Diagnostic Observation
Schedule [“ADOS”], which are tools used in research and diagnosis of autism. He
worked on the development of the ICD-10 and DSM-IV diagnostic criteria, and the effort
to bring the two diagnostic criteria closer. Tr. at 3242.

He has written more than 400 peer reviewed scientific articles, 200 book
chapters, and 40 books pertaining to child psychiatry, development, and genetics. Tr. at
3245. Many of these pertain to ASD. Tr. at 3245-46. He has served on the editorial
boards of a number of scientific journals related to psychiatry and development. Tr. at

disease. Tr. at 3247. He lectures nationally and internationally on such topics as ADHD, gene-
environment interaction, and autism. Tr. at 3247.

" He has held a consultant appointment in the National Health Service, the United Kingdom’s
medical system, since 1966. He set up the Medical Research Council’s [‘MRC”] child psychiatry unit in
1984 and served as its honorary director until 1998. He set up the MRC’s Social, Genetic, and
Developmental Psychiatry Center in 1994 and served as its honorary director until 1998.
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3246.

His honors, awards, and recognitions include election to the British Royal Society
(the British equivalent of the National Academy of Sciences), election to the Institute of
Medicine, and receipt of the Helmut Horten prize for his work on autism. In 1992 he
was honored as a Knight Baronet for his work in child psychiatry. Tr. at 3248-49.

He previously agreed to serve as an expert witness in civil litigation in the U.S.
regarding thimerosal, but during his preparation of his expert report, the litigation was
either “put on hold” or abandoned, and the report was never completed. Tr. at 3249.
He also agreed to serve as an expert witness in the United Kingdom MMR litigation, but
the litigation was abandoned, and his report was never completed or filed. Tr. at 3249-
50.

Doctor Rutter indicated that he followed the British tradition in preparing his
expert report, explaining that it was his “duty as a scientist not to speak for or against
any particular hypothesis, but to look at the evidence as a whole and to note the
limitations, to note the strengths and then put it all together as a whole.” Tr. at 3300.

d. Doctor Thomas Kemper.?°

Doctor Kemper is a professor in three departments at the Boston University
School of Medicine: Anatomy and Neurobiology, Pathology, and Neurology, but, having
reached mandatory retirement age, he no longer actively teaches. Tr. at 2793-94. He
formerly taught neuropathology and brain development in the medical school at Boston
University. Tr. at 2794. He holds no board certifications, as they were not required in
academic promotions. Tr. at 2794-95.

He graduated from the University of lllinois School of Medicine. Tr. at 2792. He
did residency training in internal medicine and neurology, followed by a fellowship in
neuropathology.?’ After completing his fellowship, he worked actively as a
neuropathologist for more than 25 years at Boston University School of Medicine. Tr. at
2793.

He is now primarily a research scientist, but had a clinical practice for a
considerable period. Tr. at 2794. He currently studies tissue received from brain

8 Doctor Kemper's CV was filed as Res. Ex. N, and his expert report as Res. Ex. M. The slides
he used to illustrate his testimony were Res. Tr. Ex. 10.

8 Doctor Kemper defined neuropathology as the study of diseased brains, nerves, and muscles.

The primary goal of neuropathology is to diagnose a condition so that treatment can be determined. Thus,
neuropathology is relevant to both the diagnosis and the cause of disease. Tr. at 2796-97.
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banks® to determine the nature of brain disease, and has devoted much of his
professional life to investigating autism’s neuropathogenesis. Tr. at 2796-97, 2799.

Doctor Kemper has written about 170 publications, with about 30 relating to
autism. Tr. at 2795. He is a reviewer for numerous medical journals. Tr. at 2795.

e. Doctor (Ph.D.) Catherine Lord.®

Doctor Lord is the director of the University of Michigan’s Autism and
Communication Disorders Clinic® and a professor at the University of Michigan. Tr. at
3535, 3539. Her teaching responsibilities are at the graduate level and include
assessments, workshops in diagnosis, and research design in developmental
psychopathology. She has been teaching for 32 years.®®> Tr. at 3540.

She holds a Ph.D. from Harvard in psychology and social relations. Res. Ex. P,
at 1. She did a post-doctoral internship at the University of North Carolina and is board
certified in clinical psychology. Tr. at 3536.

Doctor Lord also has a research practice, which presently includes two early
intervention projects.®® Tr. at 3544-45. She is involved in a longitudinal study®’ of
children referred at two years of age who have been followed for 14-17 years. Tr. at

8 Brain banks, as government sponsored entities, receive brains from donors, process them in a
uniform manner, and make them available to investigators. Tr. at 2796-97.

8 Doctor Lord’s CV was filed as Res. Ex. P, and her report as Res. Ex. O.

8 Her current clinical practice involves seeing one new child a week for diagnosis. This involves
an assessment and a school visit (Tr. at 3541-42), but she also sees other new patients who are assessed
by others on her team. Tr. at 3542. Over the course of her career, she has diagnosed approximately
4,000 children with autism. Tr. at 3542. Doctor Lord also supervises a clinic with five other Ph.D. workers,
a speech pathologist, and a social worker, all of whom see new patients. Tr. at 3542. The goal of her
clinic is to follow the child into adulthood. She still sees adults whom she met as children. Tr. at 3543.
Her patients range from toddlers to those in middle age. Tr. at 3543. Her practice requires her to meet
frequently with parents, both during the diagnostic process and in forming and executing treatment plans.
Tr. at 3543-44.

8 She worked at the University of Minnesota as an assistant professor of child development,
moving from there to the University of Alberta School of Medicine. Tr. at 3536. After eight years there,
she returned to the United States and set up a clinic at the University of North Carolina. She moved to the
University of Chicago, and from there to her current position. Tr. at 3536-37; CV, Res. Ex. P, at 1-2.

% One involves training parents and the other involves in-home visits of about 20 hours per week.
These are both randomized, controlled trials. Tr. at 3545.

8 Doctor Lord explained that a longitudinal study is one that follows the same individuals over

time. Tr. at 3556. Such studies are difficult to do because government grants are usually only for five
year periods. Tr. at 3556. Her study is probably the longest-running one on autism. Tr. at 3557.
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3545. She is also involved in developing a diagnostic test that will measure
spontaneous communication. Tr. at 3545-46. She works with geneticists to help them
quantify the severity of autistic deficits. Tr. at 3546. Her team is working on a method
to diagnose autism in children as young as 12-18 months of age. Tr. at 3546-47. Her
autism research has spanned nearly 40 years. Tr. at 3547.

She is one of the authors of the ADI-R and the ADOS. Tr. at 3548-50. She has
published more than 125 peer reviewed articles in the areas of child development and
psychology, with the majority of them pertaining to ASD. Tr. at 3552. She has written a
number of papers about regression in ASD since her first publication on the topic in
1991 or 1992. Tr. at 3553. She has published nine books and 61 book chapters, and
she currently serves on the editorial boards of six journals focused on child psychology
and autism. Tr. at 3553.

Doctor Lord lectures approximately 20 times a year, nationally and
internationally, at medical schools, conferences, parents’ groups, and professional
groups about diagnosis and longitudinal studies in autism. Tr. at 3540-41.

Her awards in the field of autism include one from the Royal Academy of
Psychiatry in the United Kingdom, and one from California. She chaired a National
Academy of Sciences committee examining the effectiveness of early intervention in
autism. Tr. at 3537. She is one of four scientists on the strategic planning committee
for autism research at NIH.®® Tr. at 3537-38. She also serves as one of 12 members
on the planning committee for autism and related diagnoses for the DSM-V, which is the
diagnostic and statistical manual under preparation.®® Tr. at 3538-39.

Prior to her appearance in the Theory 2 cases, she testified in three court cases,
two of which involved parents accused of abusing their children and one in which the
parents were suing the state over access to services. Tr. at 3554-55.

5. Specific Causation Experts.

a. Doctor Elizabeth Mumper.®

Doctor Mumper is a general pediatrician who opined on specific causation in

8 The committee was created in response to the Combating Autism Act, to plan how
governmental agencies would set priorities for research and funding. Tr. at 3537-38.

8 She was a member of the committee that formulated the DSM-IV. This involved the testing of
the proposed criteria for diagnosis. Tr. at 3539.

% Doctor Mumper’s CV was filed as Pet. Ex. 14, and her report regarding Colin Dwyer was filed as
Pet. Ex. 13. Her rebuttal slides in the King/Mead hearing were Pet. Tr. Ex. 14.
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Colin Dwyer’s case, as well as in the other two Theory 2 cases.”’ Dwyer Tr. at 96. She
earned her medical degree from the Medical College of Virginia, interned at the
University of Massachusetts, and completed a residency at the University of Virginia.
Dwyer Tr. at 97.

She then moved to private practice in Lynchburg, Virginia. After five years in
private practice, Dr. Mumper began teaching in a residency program, where she stayed
for 11 years. Tr. at 1188. She then returned to private practice in 2000. She is
currently the medical director of ARI,% the clinician in charge of physicians’ training
programs for Defeat Autism Now [‘DAN”], and director of the Rimland Center, a private
medical practice. Dwyer Tr. at 97-98.

She sees about 1750 children per year in her practice, approximately 500 of
whom have an ASD or other neurodevelopmental disabilities. CV of Dr. Mumper, Pet.
Ex. 4, at 2; Tr. at 1205. About half her time is spent on children with ASD because their
care is more time intensive. Dwyer Tr. at 101-02.

She lectures both nationally and internationally about her clinical experiences
with autistic individuals. See Dwyer Tr. at 100-01. While she does some research, she
has few publications, and her research is focused primarily on treatments for her
patients. Tr. at 1344-54.

b. Doctor Bennett Leventhal.®

Doctor Leventhal is currently a tenured full professor of psychiatry at the
University of lllinois College of Medicine in Chicago. Dwyer Tr. at 206, 209. He has
been teaching medicine for more than 30 years.*® Most of his teaching is devoted to
developmental disorders and atypical child development. Dwyer Tr. at 208-09.

He obtained his medical degree from Louisiana State University in New Orleans,
and then completed a residency in general psychiatry and child and adolescent

" Doctor Mumper also testified about the thimerosal-autism theory in Blackwell v. Wyeth, a civil
lawsuit brought in Maryland state court. The trial judge found she failed to qualify as an expert under the
Frye-Reed test, and that decision was affirmed on appeal. 971 A.2d 235, 265-66, 268 (Md. 2009).

%2 ARI, the Autism Research Institute, funds some of Dr. Deth’s research. See supra note 64.
Doctor Mumper described ARI as the “parent organization of . . . Defeat Autism Now. “ Tr. at 1192.

% Doctor Leventhal’'s CV was filed as Res. Ex. DD, and his expert report as Res. Ex. CC.

% Doctor Leventhal joined the clinical faculty at Duke Medical School and then later moved to the
faculty at Eastern Virginia Medical School. Dwyer Tr. at 207. He moved to the University of Chicago in
1978, remained there until 2005, and then took a position at the University of lllinois. Dwyer Tr. at 207.
He teaches residents, fellows, medical students, nursing and social work students, and Ph.D. candidates.
Dwyer Tr. at 208-09. He also teaches internationally in Europe, the Middle East, Asia, and Australia.
Dwyer Tr. at 210.
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psychiatry at Duke University. Dwyer Tr. at 206. He is board certified in child and
adolescent psychiatry. Dwyer Tr. at 206-07.

He has been honored by the American Academy of Child and Adolescent
Psychiatry for lifetime achievement in working with the developmentally disabled.
Dwyer Tr. at 208. He sits on the advisory boards of two autism advocacy organizations,
including the Autism Society of America. Dwyer Tr. at 211, 218-19.

He sees patients through a university based practice about 20 hours per week.
About three-quarters of these patients are developmentally disabled. Dwyer Tr. at 211-
12. Over the course of his career, he has diagnosed thousands of children with ASD
and, at the time of the hearing, he was seeing between 50 and 200 new cases per year.
Dwyer Tr. at 212-13. He follows his autistic patients into adulthood. Dwyer Tr. at 213.

In his research practice, Dr. Leventhal is part of one of five NIH-designated
Autism Centers of Excellence; each center is the recipient of a $5 million NIH grant to
study autism. Dwyer Tr. at 216, CV of Dr. Leventhal, Res. Ex. DD, at 11. Doctor
Leventhal is responsible for all the evaluations and all the patients in the studies at this
center. Dwyer Tr. at 216. The research projects range from MRI and brain imaging
studies to pharmacogenetic studies.®

Doctor Leventhal was one of the authors of the ADOS. Dwyer Tr. at 217. Heis
also the author of more than 120 peer reviewed child psychiatry articles, including some
related to autism, as well as 20 books and book chapters. Dwyer Tr. at 218. Heis a
reviewer for several psychiatry journals. Dwyer Tr. at 220.

He has testified about 15-20 times, primarily in cases related to child abuse and
divorce. His testimony in the Dwyer case was his first Vaccine Act court appearance.
Dwyer Tr. at 220. He has consulted for pharmaceutical companies, most recently with
Johnson and Johnson to help bring Risperdal, the first FDA approved drug to treat
autism, to the marketplace. Dwyer Tr. at 221. He has spoken at conferences for drug
companies in the past, but not presently. His university receives funding from drug
companies, but he does not receive any financial support from such companies. Dwyer
Tr. at 252-54.

6. Non-Testifying Experts.

Both parties retained experts who submitted reports but did not testify. Their
qualifications are discussed below. A CV was also submitted in this case for Dr. Jean-
Ronel Corbier as Pet. Ex. 1. No expert report was filed, and Dr. Corbier did not testify.
Accordingly, | need not comment on his qualifications as an expert.

% These studies examine how genes may predict responses to certain medications, leading to a
better understanding of the disorder. Dwyer Tr. at 217.
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In evaluating matters contained in expert reports filed by the two non-testifying
witnesses, | have considered the experts’ qualifications, as reflected in their filed CVs,
the extent to which their opinions were supported by other evidence or testimony, the
bases for their opinions, and the nature of the opinions offered in determining how much
weight to accord the proffered opinions. | have also considered that these witnesses
were not available for cross-examination or to answer questions posed by me or
another of the special masters, recognizing that there is no right to a hearing nor any
right of cross-examination in Vaccine Act cases. § 300aa-12(d)(2)(D); § 330aa-12(d)

(3)(B).
a. Doctor John F. Haynes, Jr %

Doctor Haynes has held various academic appointments, and is currently an
associate professor of emergency medicine and medical toxicology and Chief of the
Division of Toxicology at Texas Tech University in El Paso. He is also an Adjunct
Clinical Assistant Professor of Medicine at the University of Texas Medical Branch-
Galveston. CV of Dr. Haynes, Pet. Ex. 16, at 4. Doctor Haynes is the medical director
of the West Texas Regional Poison Center, and he is the chief of toxicology services at
R.E. Thomason General Hospital in El Paso. He also teaches emergency medicine and
toxicology there. CV, Pet. Ex. 16, at 5.

Doctor Haynes received his medical degree from the University of Texas and
completed residencies in emergency medicine at the University of Southern California
Medical Center in Los Angeles and Brooke Army Medical Center in San Antonio. CV,
Pet. Ex. 16, at 1-2. He completed a part-time fellowship in medical toxicology at the
University of Texas medical branch. He is board certified in emergency medicine and
medical toxicology. CV, Pet. Ex. 16, at 2.

Doctor Haynes has various publications, but, based on their titles, none appears
related to autism or mercury toxicity. CV, Pet. Ex. 16, at 6-7. He has lectured nationally
and internationally, but these engagements have not, based on their titles, concerned
autism or mercury. CV, Pet. Ex. 16, at 8-13. The only reference on his CV to autism or
mercury is one “research activity,” in the “exploratory stages,” concerned with the
“‘epidemiological study of the relationship of Thimerosal containing vaccines and the
development of autism.” CV, Pet. Ex. 16, at 13.

Doctor Haynes’ three page report concerned whether thimerosal caused injury to
Colin Dwyer. It contains no citations to research to support his assertions. Pet. Ex. 15.
This lack of support, taken together with his lack of experience with mercury or autism,
leaves me skeptical of his ability to opine reliably on the causation issues in this case.
Accordingly, | have placed little weight on Dr. Haynes’ report. | note that most of Dr.
Haynes’ opinions were contradicted by those of Dr. Brent, who was not only better

% Doctor Haynes’ CV was filed as Pet. Ex. 16, and his expert report as Pet. Ex. 15.
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qualified to opine, but provided evidence to support his opinions.
b. Doctor Manuel F. Casanova.®”

Doctor Casanova holds the Kolb Endowed Chair in psychiatry at the University of
Louisville. CV, Res. Ex. D, at 4.

Doctor Casanova received his medical degree from the University of Puerto Rico
School of Medicine. CV, Res. Ex. D, at 1. He did a residency in neurology at University
District Hospital in Rio Piedras, Puerto Rico, and clinical and research fellowships in
neuropathology at The Johns Hopkins University School of Medicine. CV, Res. Ex. D,
at 1-2. He is board certified in neurology. Report of Dr. Casanova, Res. Ex. C, at 2.

He is the recipient of various awards, is a reviewer for numerous medical
journals, and has more than 140 peer reviewed publications. CV, Res. Ex. D, at 6-8,
20-33. He has lectured nationally and internationally on autism. CV, Res. Ex. D, at 10-
17.

Doctor Casanova’s report summarized research in the neuropathology of autism,
including much of his own published research on brain pathophysiology in autism. Res.
Ex. C.

Section Il. The Legal Standards to be Applied.

This section addresses the legal standards to be applied in “off-Table” Vaccine
Act cases. The legal arguments concerning the application of these standards to
Colin’s specific case are addressed in Section X, below.

When a petitioner alleges an “off-Table” injury, eligibility for compensation is
established when, by a preponderance of the evidence, petitioner demonstrates that: he
received, in the United States, a vaccine set forth on the Vaccine Injury Table and
sustained an illness, disability, injury, or condition caused by the vaccine or experienced
a significant aggravation of a preexisting condition. He must also demonstrate that the
condition has persisted for more than six months.*® Vaccine litigation rarely concerns
whether the vaccine appears on the Table, the situs for administration, or whether the
symptoms have persisted for the requisite time. In most Vaccine Act litigation, the issue
to be resolved by the special master is whether the injury alleged was caused by the
vaccine. This holds true for Colin’s case as well.

% Doctor Casanova’s CV was filed as Res. Ex. D, and his expert report as Res. Ex. C.
% Section 300aa—13(a)(1)(A). This section provides that petitioner must demonstrate “by a

preponderance of the evidence the matters required in the petition by section 300aa—11(c)(1)....” Section
300aa—-11(c)(1) contains the factors listed above, along with others not relevant to this case.
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To establish legal cause in an “off-Table” case, Vaccine Act petitioners must
establish each of the three Althen factors: (1) a medical theory causally connecting the
vaccination and the injury; (2) a logical sequence of cause and effect showing that the
vaccination was the reason for the injury; and (3) a proximate temporal relationship
between vaccination and injury. 418 F.3d 1274, 1278 (Fed. Cir. 2005). The applicable
level of proof is the “traditional tort standard of ‘preponderant evidence.” Moberly v.
Sec’y, HHS, 592 F.3d 1315, 1322(Fed. Cir. 2010) (citing de Bazan v. Sec’y, HHS, 539
F.3d 1347, 1351 (Fed. Cir. 2008); Pafford v. Sec’y, HHS, 451 F.3d 1352, 1355 (Fed.
Cir. 2006); Capizzano v. Sec’y, HHS, 440 F.3d 1317, 1320 (Fed. Cir. 2006); Althen, 418
F.3d at 1278). The preponderance standard “requires the trier of fact to believe that the
existence of a fact is more probable than its nonexistence.” In re Winship, 397 U.S.
358, 371-72 (1970) (Harlan, J., concurring) (internal quotation and citation omitted).

Althen’s medical theory factor does not require petitioners to establish
identification and proof of specific biological mechanisms, as “the purpose of the
Vaccine Act’s preponderance standard is to allow the finding of causation in a field
bereft of complete and direct proof of how vaccines affect the human body.” Althen,
418 F.3d at 1280. The petitioner need not show that the vaccination was the sole cause,
or even the predominant cause, of the injury or condition; showing that the vaccination
was a “substantial factor”®® in causing the condition and was a “but for” cause are
sufficient for recovery. Shyface v. Sec’y, HHS, 165 F.3d 1344, 1352 (Fed. Cir. 1999);
see also Pafford, 451 F.3d at 1355 (petitioner must establish that a vaccination was a
substantial factor and that harm would not have occurred in the absence of vaccination).
Petitioners cannot be required to show “epidemiologic studies, rechallenge, the
presence of pathological markers or genetic disposition, or general acceptance in the
scientific or medical communities to establish a logical sequence of cause and effect....”
Capizzano, 440 F.3d at 1325. Causation is determined on a case by case basis, with
“no hard and fast per se scientific or medical rules.” Knudsen v. Sec’y, HHS, 35 F.3d
543, 548 (Fed. Cir. 1994). Close calls regarding causation must be resolved in favor of
the petitioner. Althen, 418 F.3d at 1280. But see Knudsen, 35 F.3d at 550 (when
evidence is in equipoise, the party with the burden of proof failed to meet that burden).

The medical theory must be a reputable one, although it need only be “legally
probable, not medically or scientifically certain.” Knudsen, 35 F.3d at 548-49. The
Supreme Court’s opinion in Daubert likewise requires that courts determine expert
opinions to be reliable before they may be considered as evidence. “In short, the
requirement that an expert’s testimony pertain to ‘scientific knowledge’ establishes a

% The recently approved Restatement (Third) of Torts has eliminated “substantial factor” in the
factual cause analysis. Section 26 cmt j. (2010) Because the Federal Circuit has held that the causation
analysis in Restatement (Second) of Torts applies to off-Table Vaccine Act cases (see Shyface v. Sec'y,
HHS, 165 F.3d 1344, 1352 (Fed. Cir. 1999); Walther v. Sec’y, HHS, 485 F.3d 1146, 1151 (Fed. Cir.
2007)), this change does not affect the determination of legal cause in Vaccine Act cases: whether the
vaccination is a “substantial factor” is still a consideration in determining whether it is the legal cause of an

injury.
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standard of evidentiary reliability.” 509 U.S. 579, 590 (1993) (footnote omitted). The
Federal Circuit has stated that a “special master is entitled to require some indicia of
reliability to support the assertion of the expert witness.” Moberly,592 F.3d at 1324.

Circumstantial evidence and medical opinions may be sufficient to satisfy
Althen’s second prong. Capizzano, 440 F.3d at 1325-26. Opinions of treating
physicians may provide the logical connection. See Capizzano, 440 F.3d at 1326;
Andreu v. Sec’y, HHS, 569 F.3d 1367, 1376 (Fed. Cir. 2009); Moberly, 592 F.3d at
1323.

The requirement of temporal connection necessitates a showing that the injury
occurred in a medically or scientifically reasonable period after the vaccination, not too
soon (see de Bazan, 539 F.3d at 1352) and not too late (see Pafford, 451 F.3d at 1358).
Merely showing a proximate temporal connection between a vaccination and an injury is
insufficient, standing alone, to establish causation. Grant, 956 F.2d at 1148. A
proximate temporal relationship, even when coupled with the absence of any other
identified cause for the injury, is not enough to demonstrate probable cause under the
Vaccine Act’s preponderance standard. See Moberly, 592 F.3d at 1323 (citing Althen,
418 F.3d at 1278).

In Vaccine Act cases, special masters are frequently confronted by witnesses
with diametrically opposed positions on causation. When experts disagree, many
factors influence a fact-finder to accept some testimony and reject other contrary
testimony. As the Federal Circuit noted, “[a]ssessments as to the reliability of expert
testimony often turn on credibility determinations, particularly in cases ... where there is
little supporting evidence for the expert’s opinion.” Moberly, 592 F.3d at 1325-26.
Objective factors, including the qualifications, training, and experience of the expert
witnesses; the extent to which their proffered opinions are supported by reliable medical
research and other testimony; and the factual basis for their opinions are all significant
factors in determining what testimony to credit and what to reject.

The Vaccine Act itself contemplates that the special masters will weigh the merits
of the evidence presented in making entitlement decisions. Special masters are not
bound by any particular “diagnosis, conclusion, judgment, test result, report, or
summary,” and in determining the weight to be afforded to these matters, “shall consider
the entire record....” § 300aa—13(b)(1).

A trial court is not required to accept the ipse dixit of any expert’s medical or
scientific opinion. See Gen. Elec. Co. v. Joiner, 522 U.S. 136, 146 (1997) (noting that
Daubert does not require a court to admit opinions connected to data only by the ipse
dixit of the expert); Perreira, 33 F.3d at 1377 n.6 (“An expert opinion is no better than
the soundness of the reasons supporting it.”).

The special master determines the reliability and plausibility of the expert medical
opinions offered and the credibility of the experts offering them. Not all evidence carries
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equal weight with a trier of fact. A medical opinion on causation may be based on
factually incorrect medical histories or it may be offered by someone without the
necessary training, education, or experience to offer a reliable opinion. An expert’s
opinion may be unpersuasive for a variety of reasons. Courts, whether they deal with
vaccine injuries, medical malpractice claims, toxic torts, or accident reconstruction, must
base their decisions on reliable evidence. See Daubert, 509 U.S. at 594-96.

Although Daubert interpreted Federal Rule of Evidence 702, an evidentiary rule
not applicable to Vaccine Act cases, it, nevertheless, provides a useful framework for
evaluating scientific evidence in such cases. Terran, 41 Fed. Cl. at 336; see also
Ryman v. Sec’y, HHS, 65 Fed. Cl. 35, 40-41 (2005) (special master performs
gatekeeping function when he “determines whether a particular petitioner’s expert
medical testimony supporting biological probability may be admitted or credited or
otherwise relied upon” and as a “trier-of-fact...may properly consider the credibility and
applicability of medical theories”). The special master’s use of Daubert’s factors to
evaluate the reliability of expert opinions in Vaccine Act cases has been cited with
approval by the Federal Circuit more recently in Andreu, 569 F.3d at 1379 and Moberly,
592 F.3d at 1324

Special masters weigh the evidence found in the medical records (see, e.g.,
Ryman, 65 Fed. Cl. at 41-42); consider evidence of bias or prejudice on the part of a
witness, affiant, or expert (see, e.g., Baker v. Sec’y, HHS, No. 99-653V, 2003 WL
22416622, at *36 (Fed. Cl. Spec. Mstr. Sept. 26, 2003)); weigh opposing medical
opinions and the relative qualifications of experts (see, e.g., Epstein v. Sec’y, HHS, 35
Fed. Cl. 467, 477 (1996); Lankford v. Sec’y, HHS, 37 Fed. Cl. 723, 726-27 (1996));
examine medical literature, studies, reports, and tests submitted by either party (see,
e.g., Sharpnack v. Sec’y, HHS, 27 Fed. Cl. 457, 461 (1993), affd, 17 F.3d 1442 (Fed.
Cir. 1994)); and may consider a myriad of other factors in determining the facts of the
case and the mixed questions of law and fact that arise in causation determinations.
Special masters decide questions of credibility, plausibility, reliability, and ultimately
determine to which side the balance of the evidence is tipped. See Pafford, 451 F.3d at
1359.

In an off-Table case, petitioners do not automatically shift the burden to
respondent to prove an alternate cause merely by offering an opinion of a medical
expert. Respondent may challenge the factual underpinnings of a causation opinion,
the opinion itself, or both. See de Bazan, 539 F.3d at 1353-54. If the special master
concludes that petitioner’s evidence of causation is lacking, then the burden never shifts
to respondent to demonstrate the “factors unrelated” as an alternative cause for
petitioner’s injury. See Bradley v. Sec’y, HHS, 991 F.2d 1570, 1575 (Fed. Cir. 1993)
(when petitioner has failed to demonstrate causation by a preponderance, alternative
theories of causation need not be addressed); Johnson v. Sec’y, HHS, 33 Fed. Cl. 712,
721-22 (1995), aff'd, 99 F.3d 1160 (Fed. Cir. 1996) (even in idiopathic disease claims,
the special master may conclude petitioner has failed to establish a prima facie case).

In de Bazan, the Federal Circuit explicitly stated that the special master may consider all
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of the evidence presented, including that of respondent, in determining whether
petitioners have met their burden of proof. 539 F.3d at 1353-54.

If merely an opinion supporting vaccine causation, without more, is all that is
necessary to meet petitioners’ burden of proof, Congress would have said so.
Congress could have said that any injury temporally connected to a vaccine is
compensable. It did not. By specifying petitioners’ burden of proof in off-Table cases
as the preponderance of the evidence, directing special masters to consider the
evidence as a whole, and stating that special masters are not bound by any “diagnosis,
conclusion, judgment, test result, report, or summary” contained in the record (see §
300aa-13(b)(1)), Congress contemplated that special masters should weigh and
evaluate opposing expert opinions in determining whether petitioners have met their
burden of proof.’® In weighing and evaluating expert opinions in Vaccine Act cases, the
same factors the Supreme Court considered important in determining their admissibility
provide the weights and counterweights. See Kumho Tire Co. v. Carmichael, 526 U.S.
137, 149-50 (1999); Terran, 195 F.3d at 1316.

As the Court of Federal Claims noted:

As fact-finders, Special Masters, like juries, are often faced with the “battle
of the experts” when it comes to interpreting facts. And as fact-finders,
they may find that truth lies somewhere in between the opposing,
uncompromising views of the partisan experts. Expert opinion testimony
is just opinion, and the fact-finder may weigh and assess that opinion in
coming to her own conclusions.... A fact-finder, especially one with
specialized experience such as a Special Master, can accept or reject
opinion testimony, in whole or in part. When the evidence is in, and it is
time to apply the facts to the law, the expert’s role is over. Partisan
testimony then gives way as the Special Master evaluates the testimony in
light of the entire record, based on reasonable inferences born of common
experience or the product of special expertise.”

Sword v. United States, 44 Fed. Cl. 183, 188-89 (1999) (citations omitted); see also
Moberly, 592 F.3d at 1325 (“Weighing the persuasiveness of particular evidence often
requires a finder of fact to assess the reliability of testimony, including expert testimony,
and we have made clear that the special masters have that responsibility in Vaccine Act
cases.”) (citations omitted).

Bearing all these legal standards in mind, | turn to the evidence presented on the
issue of general causation: whether the vaccine component in question, thimerosal, can

1% See §§ 300aa—13(a)(1)(A) (preponderance standard); § 13(a)(1) (“Compensation shall be
awarded...if the special master or court finds on the record as a whole...” ); § 13(b)(1) (indicating that the
court or special master shall consider the entire record in determining if petitioner is entitled to
compensation and special master is not bound by any particular piece of evidence).
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cause ASD. Cf. Pafford, 451 F.3d at 1355-56 (equating the “can it cause?” question to
Althen’s first factor).

Section lll. The General Causation Hypotheses.

The evidence supporting the proposition that TCVs can cause ASD was
presented in the Theory 2 test cases in three different yet interrelated expert opinions
on causation, those of Drs. Aposhian, Deth, and Kinsbourne.'" Petitioners’ fourth
expert withess in the general causation case, Dr. Greenland, provided testimony more
focused on rebutting respondent’s epidemiological evidence, rather than on causation
itself. All three general causation opinions were based on the purported effects of TCVs
on the brain, but the mechanisms of causation were either unstated (Dr. Aposhian’s
opinion) or had different foci from one another (the opinions of Drs. Deth and
Kinsbourne). None of these experts offered causation opinions specific to the three test

cases.'?

Whether the opinions expressed related solely to a specific type of
autism—regressive autism—or to ASDs in general appears to remain open. Both Drs.
Deth and Kinsbourne acknowledged that their proposed causation mechanisms were
not limited to regressive autism, but other evidence, including virtually all of Dr.
Greenland’s testimony, focused on regressive autism.

In addition to opining on causation, each of the experts offered opinions on other
matters to support petitioners’ assertion that TCVs can cause ASDs. These supporting
opinions addressed such diverse issues as whether regressive autism (or a subset of
regressive autism called “clearly regressive autism”) constitutes a separate phenotype
of ASD with an etiology distinct from other forms of ASD; whether the mercury levels in
TCVs are sufficient to provoke a neuroinflammatory response in the brain; and whether
children with autism are genetically predisposed to a hypersusceptibility to mercury or to
oxidative stress.

Doctor Aposhian provided background evidence on mercury toxicology. He
discussed a number of in vitro, animal, and human studies of mercury’s effects. Based
on some of these studies, he calculated the amount of mercury from TCVs that would
reach the brain. In addition, Dr. Aposhian also offered a causation opinion himself,
opining that mercury caused autism in some individuals with a hypersensitivity to

10" Petitioners’ Post-Hearing Br. and their Reply Brief [‘Pet. Reply Br.”] appear to rely only on the
general causation hypotheses presented by Drs. Deth and Kinsbourne, relegating Dr. Aposhian’s
contributions to a supporting role. Petitioners’ assertions regarding causation in Colin’s specific case are
addressed in much more detail in Section X, below. Because this is a test case, and other petitioners may
rely more on Dr. Aposhian’s own causation opinion, | address Dr. Aposhian’s opinion at greater length
than | would otherwise.

192 Case-specific opinions on causation were offered by Dr. Mumper in each of the three test
cases. Her opinion is addressed in Section X, below.
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mercury or with a “mercury efflux disorder,” although he was not clear about how it did
SO.

Doctor Deth testified that mercury could impair a number of biochemical
processes, inducing systemic metabolic abnormalities, particularly in children with a
particular genetic predisposition towards developing oxidative injury. These metabolic
problems produced oxidative stress and affected gene expression (the mechanisms by
which genes are turned on or off). He asserted that these effects interfered with
neuronal function in the areas of attention and cognition, producing the major symptoms
of ASD. Doctor Deth also opined that oxidative stress could induce the
neuroinflammation seen in the brains of individuals with ASD. He relied in some
measure on Dr. Aposhian’s opinions regarding the amount of mercury in the brain
produced from TCVs, but also based his opinions on experiments performed in his own
laboratory. Based on results from these experiments, some of which were, as yet,
unpublished, Dr. Deth asserted that very small amounts of mercury could produce the
effects he described.

Doctor Kinsbourne’s causation opinion focused only on neuroinflammation.
Relying on the opinion of Dr. Aposhian that TCVs could produce sufficient mercury in
the brain to induce a state of neuroinflammation, Dr. Kinsbourne opined that
neuroinflammation would result in the production of excess levels of an excitatory
neurotransmitter, glutamate. The resulting excitatory-inhibitory imbalance would
produce a state of overarousal, to which he attributed most of the behavioral symptoms
of ASD. Doctor Kinsbourne’s causation opinion was not dependent on Dr. Deth’s
explanations of how oxidative stress was induced, but he indicated that Dr. Deth
provided an explanation at a cellular level for the production of neuroinflammation.
However, for Dr. Kinsbourne’s opinion, precisely how the neuroinflammation was
produced was not critical; he opined that anything that could cause neuroinflammation
could produce ASD’s behavioral symptoms, including the measles virus hypothesis he
presented in the Theory 1 cases.

Doctor Kinsbourne also provided background evidence about ASD. He
discussed the phenomenon of regression in ASD, opining that those who experienced a
loss of skills as part of the clinical picture in their development of ASD constituted a
distinct subtype, with a distinct etiology. He did not dispute the evidence that ASDs are
strongly genetic conditions, but opined that the genetic contribution rendered certain
children more susceptible to environmental toxins, which produced ASD, rather than the
genetic differences being directly responsible for ASD.

All three of the opinions rested, to some degree, on Dr. Aposhian’s testimony
about a postulated genetic hypersusceptibility to mercury’s effects, on Dr. Deth’s
testimony about metabolic abnormalities in children with ASD, and on Dr. Kinsbourne’s
views of gene-environment interactions. Petitioners used the evidence of genetic
hypersusceptibility and metabolic abnormalities to explain why mercury induced these
problems only in some children, while the vast majority of children who received TCVs
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were unaffected.

Because a substantial number of epidemiological studies had failed to detect any
association between TCVs and ASD, the general causation evidence also included the
testimony of an epidemiologist, Dr. Greenland. Doctor Greenland’s testimony was very
limited, and largely represented an opinion based on a set of assumptions. Relying on
evidence concerning the percentage of children with ASD who experienced a loss of
skills, and on evidence that an even smaller percentage of those children had entirely
normal development prior to the loss of skills, Dr. Greenland asserted that the resulting
small subgroup had a condition he called “clearly regressive autism.” Based on the
postulated existence of this subgroup, Dr. Greenland opined that the epidemiological
studies finding no relationship between ASD and TCVs were irrelevant, because none
of the studies could have detected an association of TCVs with this small subtype.
Implicit in Dr. Greenland’s opinion was that this subtype actually existed as an
etiologically distinct phenotype of ASD. Whether the general causation hypotheses are
inclusive of all ASDs or limited to cases of regressive autism (or to “clearly regressive
autism”) remains unclear. The causation experts were questioned about causation as it
pertained to regression in ASD, a broader category than that of “clear regression.”
However, neither Dr. Deth nor Dr. Kinsbourne limited his causation hypothesis to
regressive autism, much less to “clearly regressive autism,” and both acknowledged
that the mechanisms of injury they described were not limited to those with regression.

In order to understand the strengths and weaknesses of the TCV causation
hypotheses presented, | begin in Section IV with background evidence explaining what
is known about ASD. This includes diagnostic criteria, behavioral symptoms,
pathophysiology (including the evidence concerning neuroinflammation in the brains of
autistic individuals). The epidemiological studies of TCVs and ASD are discussed in
Section V. Next, in Section VI, | discuss the evidence concerning the toxicology of
mercury and thimerosal, and in particular, mercury’s effects on the brain. Doctor Deth’s
evidence regarding disruption of sulfur metabolism is in Section VII, followed in Section
VIII by explication of the neuroinflammation hypotheses of Drs. Deth and Kinsbourne.
My conclusions regarding the general causation hypotheses are set forth in Section IX.
Colin’s specific causation claim is presented in Section X.

Section IV. Autism Spectrum Disorders.
A. Overview.

This section provides background information on the definitions, diagnoses,
presentations, and prevalence of disorders on the autism spectrum. It discusses what
is generally accepted about the known causes, genetic and otherwise, of ASDs.
Thereafter, this section sets forth other evidence concerning the brain structures
pertinent to the neuropathology of ASDs and the causation hypotheses that follow in
Sections VI, VII, and VIII. It addresses the pivotal issue of whether cases of ASD that
include a loss of previously demonstrated skills (“regression”) constitute a separate
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phenotype.'® After considering the evidence presented, | conclude that regressive ASD
does not constitute a separate phenotype of ASD, and thus is extremely unlikely to have
an etiology distinct from other forms of ASD.

Most of the factual information contained in this section was not in dispute. The
matters in dispute primarily involved regressive autism, but the experts also had some
disagreements about the prevalence of ASDs; their known or postulated causes (other
than the TCV hypotheses presented by petitioners); and the brain pathophysiology
found in ASDs.

The citations are primarily to reports and testimony by respondent’s experts,
largely because of their superior qualifications and greater expertise in autism research
and diagnosis and the depth of the background information they provided. Several of
respondent’s experts are among the most frequently published in the field of ASD
research and all of them are acknowledged experts in the field of ASD diagnosis or
research.'®

Two of petitioners’ experts,'® Drs. Kinsbourne and Mumper, had qualifications
that warranted consideration of their testimony about autism’s symptoms, diagnosis,
treatments, and causes, but their testimony was not particularly helpful in providing the
background information in this section. Although qualified to testify about autism by
virtue of his general training and experience in pediatric neurology, Dr. Kinsbourne’s
practice never focused on children with ASDs. He no longer sees or treats patients and

1% Doctor Lord described a phenotype as a cluster of unique behaviors that are associated with
each other. Tr. at 3587.

1% For example, Dr. Rutter appears as a primary author or co-author of about 50 articles or book
chapters filed on petitioners’ and respondent’s master lists of scientific and medical journal articles, with
publication dates ranging from 1965 (see M. Rutter, Classification and Categorization in Child Psychiatry,
J. CHILD PSYCHOL. & PSYCHIAT. 6(2): 71-83 (1965), filed as RML 434) to 2007 (see M. Rutter, et al., Early
adolescent outcomes of institutionally deprived and non-deprived adoptees: lll. Quasi-autism, J. CHILD
PSYCHOL. & PSYCHIAT. 48(12): 1200-07 (2007), filed as RML 417). He and Dr. Lord were actively involved
in creating the instruments used in ASD diagnosis. Tr. at 3549-50. Doctors Rutter and Fombonne were
involved in developing the DSM-IV-TR criteria for autism diagnosis and in negotiations between the WHO
and the American Psychiatric Association to make the ICD-10 and DSM-IV criteria as comparable as
possible. Tr. at 3617-19. Doctor Kemper and his research partner, Dr. Bauman, conducted some of the
earliest studies in the pathophysiology of the brains of autistic individuals; Dr. Kemper is still researching
and publishing in the area. See, e.g., M. Bauman and T. Kemper, Histoanatomic observations of the brain
in early infantile autism, NEUROLOGY 35: 866-74 (1985) [‘Bauman and Kemper 1985"], filed as PML 509;
Tr. at 2797-99. Doctor Rodier’s work in the prenatal origins of autism and her ongoing research are also
widely cited.

1% Doctor Aposhian used a number of slides to illustrate what he called his “introductory remarks”
about ASD. See Pet. Tr. Ex. 1, slides 14-21; Tr. at 147-52. Because he was not qualified to opine on the
nature of autism or its diagnosis, | have accorded such evidence little weight. Although he did not
concede a lack of qualifications, Dr. Aposhian himself acknowledged that he would “take second place” to
a neurologist in answering questions about the neurological aspects of autism. Tr. at 246-47.
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has conducted no research into autism’s causes, diagnosis, or treatment, other than a
review of medical literature. In many cases, his expert report (PML 717) lacked
citations for the statements he made'® and, in some cases, his citations were simply
incorrect.'’

Doctor Mumper is a pediatrician, not a neurologist, psychiatrist, or psychologist,
and has had only the standard training provided to pediatricians in these disciplines.
Although she has considerable experience in treating children with autism, her
testimony was largely anecdotal, rather than based on systematic research, and was
thus less helpful in terms of input to this section.

B. The Autism Spectrum.

Autism spectrum disorders'® are not new, although public and medical
awareness of them has grown exponentially over the last two decades. The term
“autism” first emerged in 1943, when Leo Kanner described a series of 11 children with
distinctly unusual behavior.'® Tr. at 3250, 3257.

The diagnostic criteria for ASDs are found in the DSM-IV-TR."® In general
terms, the DSM-IV-TR explains that these developmental disorders are characterized
by “severe and pervasive impairment in several areas of development,” and require
qualitative impairments “distinctly deviant relative to the individual's developmental level

1% F g., PML 717 at 4 (“[C]lassical...and regressive autism differ sharply with respect to their
known medical causations.”).

7 E.g., PML 717 at 6-7 (citing to PML 377 for a conclusion absent from and unsupported by that
study).

1% The terms “autism spectrum disorder” and “pervasive developmental disorder” were used
interchangeably by the witnesses. The DSM-IV-TR, the diagnostic handbook for mental disorders
currently in use in the U.S., uses the heading of “Pervasive Developmental Disorders” in defining disorders
on the autism spectrum. DSM-IV-TR at 69. To avoid confusion between the umbrella term of pervasive
developmental disorder and its abbreviation, “PDD,” and the diagnostic category of “pervasive
developmental disorder-not otherwise specified” [‘PDD-NOS”], a category of developmental disorder on
the autism spectrum, | use the terms “autism spectrum disorder” or “ASD” rather than “PDD.” The
exception to this practice is when | directly quote a witness or article. Witnesses frequently used the term
“autism” when referring to the broad category of ASDs. See, e.g., Report of Dr. Casanova, Res. Ex. C, at
2 (indicating that he would use the terms “autism” and “ASD” interchangeably). Where the evidence is
applicable only to the narrower diagnostic category of “autistic disorder,” | use that term, rather than
“autism.”

1% See L. Kanner, Autistic Disturbances of Affective Contact, NERVOUS CHILD 2(3): 217-50 (1943),
filed as RML 270.

"% See Tr. at 3617-18 (explaining how the criteria were developed). The section of the DSM-IV-

TR pertaining to pervasive developmental disorders was filed as RML 123; one specific page was filed as
RML 8. For ease in citation, the manual is simply referred to as the DSM-IV-TR throughout this opinion.
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or mental age” to make a diagnosis. DSM-IV-TR at 69. The DSM-IV-TR also notes that
the disorders are frequently associated with mental retardation and are sometimes
associated with a diverse group of other medical conditions, including “chromosomal
abnormalities, congenital infections, [and] structural abnormalities of the central nervous
system.” Id. at 69-70.

1. Diagnostic Categories Included in the Autism Spectrum.

A range of disorders comprise the autism spectrum. The behavioral qualities are
similar, but the severity of them may vary, even within the same diagnostic category.
Tr. at 3254.

a. Autistic Disorder.

A diagnosis of autistic disorder requires a minimum of six findings from a list of
impairments divided into the three domains of impaired function: (1) social interaction;
(2) communication; and (3) restricted, repetitive, and stereotyped patterns of behavior,
interests, and activities. At least two findings related to social interaction and at least
one each in the other two domains are required for diagnosis. DSM-IV-TR at 75.
Additionally, delays or abnormal functioning in at least one of the following three areas
must have occurred prior to three years of age: “(1) social interaction, (2) language as
used in social communication, or (3) symbolic or imaginative play.” Id.

The diagnosis is one of exclusion as well, since one of the diagnostic criteria is
that the disorder must not be better accounted for by Rett’s disorder or Childhood
Disintegrative Disorder, both of which are discussed below. DSM-IV-TR at 75.

Autistic disorder is frequently associated with mental retardation, but it can occur
in individuals of normal intelligence as well. Tr. at 3256. It is approximately four to five
times more common in boys and is the second most prevalent of the disorders on the
autism spectrum. DSM-IV-TR at 73; Tr. at 3707-08.

b. PDD-NOS.

The DSM-IV-TR defines PDD-NOS as “a severe and pervasive impairment in the
development of reciprocal social interaction,” coupled with impairment in either
communication skills or the presence of stereotyped behaviors or interests. DSM-IV-TR
at 84. The diagnosis is made when the criteria for other autism spectrum disorders, or
other psychiatric disorders such as schizophrenia, are not met. /d. It includes what has
been called “atypical autism,” which includes conditions that present like autistic
disorder, but with onset after age three, or which fail to meet the specific diagnostic
criteria in one or more of the domains of functioning. /d. It is the most prevalent of the
disorders on the autism spectrum. Tr. at 3707-08.
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c. Asperger’s Disorder.""

Asperger’s syndrome is a form of high-functioning autism which presents with
abnormalities in social interaction and communicative functioning. There are no delays
in language or cognitive development. Tr. at 3254; see also DSM-IV-TR at 84 (requiring
two impairments in social interaction and one in restricted, repetitive, and stereotyped
patterns of behavior, interests, and activities for diagnosis).

d. Childhood Disintegrative Disorder [“CDD”].""

In CDD, children with apparently normal development by age two experience a
profound loss of skills and disintegration of functioning after age three and before age
10. In later years, these children present similarly to children with severe autistic
disorder. They usually have severe mental retardation, an increased frequency of
seizures, and EEG abnormalities. Tr. at 3255; DSM-IV-TR at 78. This is the rarest of
the disorders on the autism spectrum. Tr. at 3707-08. According to Dr. Rutter, it is
unclear whether CDD is a variant of autism or something that is confused with autism.
Tr. at 3255. See also Volkmar and Rutter, RML 497, at 1095.""®

e. Rett’s Disorder.'
Rett’s disorder differs from the other disorders contained in the PDD chapter of

the DSM-IV-TR, in that its cause is known. Tr. at 3255. Rett’s disorder is an entirely
genetic condition, caused by X-linked mutations in the MECP2 gene."® More than 95%

" The DSM-IV-TR refers to this condition as “Asperger’s Disorder.” Id. at 80. The witnesses

frequently referred to it as “Asperger’s” or “Asperger’s syndrome,” and, for consistency, | do likewise. See,
e.g., Tr. at 388, 1197, 3254, 3558.

"2 |n his report, Dr. Kinsbourne referred to CDD as “Heller’s disease,” a reference to the physician
who first described it. PML 717 at 4; see also C. Hendry, Childhood Disintegrative Disorder: Should It Be
Considered a Distinct Diagnosis, CLIN. PSYcHoL. REv. 20(1): 77-90 (2000), filed as RML 232.

"3 F. Volkmar and M. Rutter, Childhood Disintegrative Disorder: Results of the DSM-IV Autism
Field Trial, J. AM. ACAD. CHILD ADOLESC. PSYCHIAT. 34(8): 1092-95 (1995) [“Volkmar and Rutter”], filed as
RML 497 (discussing how CDD cases can be differentiated from those of autism, and similarities and
differences in the two categories).

"4 The DSM-IV-TR refers to this condition as “Rett’s Disorder.” Id. at 76. This condition was
variously referred to in testimony, reports, and journal articles as “Rett’'s syndrome,” “Rett syndrome,” or
simply as “Rett’'s.” E.g., Tr. at 3255; M. Shabazian, Rett Syndrome and MeCP2: Linking Epigenetics and
Neuronal Function, AM. J. HUM. GENETICS 71(6): 1259-72 (2002), filed as PML 128.

"5 R. Amir, Rett syndrome is caused by mutations in X-linked MECP2, encoding methyl-CpG-
binding protein 2, NATURE GENETICS 23: 185-88 (1999) [“Amir”], filed as RML 10. See also M. Shahbazian
and H. Zoghbi, Molecular genetics of Rett syndrome and clinical spectrum of MECP2 mutations, CURR.
OPIN. NEUROLOGY 14: 171-76 (2001) [“Shahbazian™], filed as RML 446.
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of those with the condition are female."® Unless otherwise indicated, in spite of the
DSM-IV-TR’s classification of Rett’s disorder as a pervasive developmental disorder,
discussion of ASDs does not include Rett’s disorder.'"’

In its early stages, it presents with symptoms similar to those of autism (Tr. at
3255), but a loss of hand skills may occur as early as five months of age. Itis
characterized by severe impairments in language development, psychomotor
retardation,'"® and, frequently, severe mental retardation. It has a distinctive pattern of
developmental regression. DSM-IV-TR at 76.

2. Domains of Impairment.

Autism spectrum disorders involve unusual qualities of behavior in three areas or
domains: (1) social reciprocity, (2) communication, and (3) restricted behaviors and
interests. Res. Tr. Ex. 8, slide 3; Tr. at 2362, 3253, 3588. Children with ASDs display
behaviors in these domains that are qualitatively different from those of typically
developing children. The term “qualitative” describing these behavioral domains is
significant. Tr. at 3250. The issue is more than a delay in functioning; the behaviors
displayed are abnormal “in type, not just in degree or timing.” Tr. at 3250-51.

Issues regarding the social and communicative domains generally manifest
earlier than the repetitive and stereotyped behaviors. Tr. at 3253. Examples of
impairments in the social reciprocity domain include impairments in eye contact and
body language, and an inability to develop appropriate peer relationships. Impairments
in the communication domain may include a delay in developing spoken language or in
initiating or sustaining a conversation. It also includes the use of repetitive or
idiosyncratic language. Impairments in the repetitive and restricted behaviors and
interests domain include preoccupation with parts of objects, abnormally intense interest
in a subject, and repetitive motor mannerisms, such as hand flapping or twirling. DSM-
IV-TR at 75; see also Tr. at 2362-66 (Dr. Rust providing examples); 3251-53 (Dr. Rutter
providing examples). One of the most important and early recognized symptoms is
verbal and nonverbal language impairment. Tr. at 2362.

16 Although the DSM-IV-TR indicates that the disorder has only been reported in females, and Dr.
Kinsbourne’s report stated that it occurs only in females (PML 717 at 4), Dr. Rust testified that there were
a very small number of cases in boys. Tr. at 2533-34. His testimony is substantiated by Shahbazian,
RML 446, at 173-74. | accept Dr. Rust’s testimony as correct, given his greater experience in treating and
researching ASD, and in view of this article.

"7 Those conducting ASD research often exclude those with Rett’s disorder from studies. See,
e.g., S. Rose, et al., The Frequency of Polymorphisms affecting Lead and Mercury Toxicity among
Children with Autism, AM. J. BIOCHEM. & BIOTECH. 4(2): 85-94, 87 (2008) [‘Rose”], filed as PML 430 (study
excluded “Rett syndrome” and other genetic disorders associated with symptoms of autism).

"8 Motor skills are generally not impaired in ASDs (Tr. at 3565), one factor setting Rett’s disorder
apart from ASDs.
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3. Diagnostic Criteria and Tools.

There are no objective tests to diagnose ASD. Tr. at 3267. Several subjective
testing instruments are used to make the diagnosis.""® The ADI-R,' initially developed
by Drs. Lord, LeCouteur, and Rutter in 1989, is a long, semi-structured interview, in
which caregivers are asked to describe observations of a child in specific contexts. The
examiner uses the information obtained to assess whether the child has specific
symptoms or behaviors, which are then coded into a standard format. Tr. at 3549-50.
The ADI-R is used worldwide, primarily in research, but also clinically. Tr. at 3253-54.

Doctors Lord and Rutter were also authors of the ADOS,'?? which involves a
standard series of activities for children, keyed to age and language ability. Tr. at 3253-
54, 3550-51. The ADOS is an observation tool used both in autism diagnosis and in
research. Tr. at 3550-52. Even when clinicians do not use the ADI-R and the ADOS,
most follow the principles of these tools in a modified way. Tr. at 3254.

Other instruments used to evaluate ASD include the Childhood Autism Rating
Scale [‘CARS”] and the Vineland Adaptive Behavior Scales,'®® as well as various
intelligence and developmental tests such as the Stanford-Binet Intelligence Scale, the
Wechsler Intelligence Scale for Children-Revised, and the Bayley Scales of Infant
Development. See Osterling and Dawson, RML 362, at 250'* (reporting on various
tests used in assessing children for participation in an ASD study).

"% One of these instruments, the ADI-R, was listed as an exhibit on respondent’s master list (RML
418), but was not actually filed.

'20 See C. Lord, et al., Autism Diagnostic Interview—Revised: A Revised Version of a Diagnostic
Interview for Caregivers of Individuals with Possible Pervasive Developmental Disorders, J. AUTISM & DEV.
DISORDERS 24(5): 659-85 (1994), filed as RML 311. Doctor Rutter was a co-author.

21 The current revised version was published in 1994. Tr. at 3550.

'22 See C. Lord, et al., The Autism Diagnostic Observation Schedule—Generic: A Standard
Measure of Social and Communication Deficits Associated with the Spectrum of Autism, J. AUTISM & DEV.
DiSORDERS 30(3): 205-23 (2000), filed as RML 310. | note that Dr. Leventhal was a co-author and Dr.
Rutter was the senior researcher on the study. The last-listed author on a paper is usually the senior
investigator on the study. Tr. at 1913.

123 See A. Carter, et al., The Vineland Adaptive Behavior Scales: Supplementary Norms for
Individuals with Autism, J. AUTISM & DEV. DISORDERS 28(4): 287-302 (1998), filed as RML 59. Adaptive
behavior measurements are used to diagnose or rule out mental retardation and assess an individual’s
ability to relate to others. /d. at 289-90.

124 J. Osterling and G. Dawson, Early Recognition of Children with Autism: A Study of First

Birthday Home Videotapes, J. AUTISM & DEV. DISORDERS 24(3): 247-57 (1994), [“Osterling and Dawson”],
filed as RML 362.
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4. Natural History and Prognosis.
a. Recognition of ASD Behaviors.

Typically, parents begin recognizing developmental problems at 18-24 months.
The timing may vary, based on whether the child with autism is the first child, whether
the parents have other children, or whether they know other autistic children. Tr. at
3259-60. Most parents note the communication problems and lack of social reciprocity
first, but they may also have noted subtle signs from periods very early in development
that tell them their child’s behavior is not quite right. Tr. at 3260.

Subtle social abnormalities may be present at 12 months of age in many cases,
but a diagnosis cannot readily be made at that time. Tr. at 3260. Doctor Rust testified
that co-occurring cerebral palsy or mental retardation may mask autism, resulting in a
later diagnosis. Tr. at 2379-80. In general, autistic behavioral symptoms appear to
worsen during the second year of life. See Dawson 2007, RML 108,'® Table 4
(summarizing studies showing the loss or decline in skills at various ages).

Home video'® and “baby sibs”'*’ studies demonstrate that at a group level,
children with autism and those without it can be reliably differentiated at about 12
months of age, but not generally before. Tr. at 3261. Earlier manifestations occur in
individuals, but are difficult to assess reliably, and at an individual diagnostic level, they
are too varied to be of much use. Tr. at 3261-62. However, if videos demonstrate
clearly abnormal behavior, “that is reasonably good evidence that there were
abnormalities present at that time.” Tr. at 3262. Videos are less useful if they do not
show abnormalities. Tr. at 3262. Doctor Rutter disagreed with Dr. Kinsbourne’s
assertion (PML 717 at 5) that the majority of children with autism exhibit some level of
autistic behavior during the first year of life. Tr. at 3262.

b. Prognosis.
Autism spectrum disorders are generally recognized as a life-long impairment.

Tr. at 3255-56. Although some children with ASDs grow up to lead independent lives,
qualitative impairments persist. A very small minority of those with ASD appear to

125 G. Dawson, et al., Rate of Head Growth Decelerates and Symptoms Worsen in the Second
Year of Life in Autism, BIOL. PSYCHIAT. 61:458-64 (2007) [*“Dawson 2007"], filed as RML 108.

126 See, e.g., Osterling and Dawson, RML 362; E. Werner, et al., Brief Report: Recognition of
Autism Spectrum Disorder Before One Year of Age: A Retrospective Study Based on Home Videotapes,
J. AuTIsM & DEv. DISORDERS 30(2): 157-62 (2000), filed as RML 509 (summarizing earlier home video
studies and reporting on the use of videos to detect ASD behaviors in children aged 8-10 months of age).

"2 These studies involve siblings of children with autism, who are at higher genetic risk of

developing the condition themselves. Researchers assess the siblings at different ages throughout the
child’s early development to note when abnormalities first appear. Tr. at 3261.
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recover completely. Tr. at 3256.

In general, ASDs are not static conditions. Tr. at 2358. According to Dr. Lord,
children with autism improve, but the level of improvement varies from child to child. Tr.
at 3568. Behavioral treatments make some difference, but the difference is relatively
small as compared simply to the natural course of development. Tr. at 3569. Doctor
Rust noted that improvements may be a result of the natural course of the disorder,
rather than any treatments in the interim.'® Tr. at 2451. Most improve in language,
with some children developing fluency. Tr. at 3569. The improvement in social skills is
lower, with autistic children only rarely having no social deficits. Tr. at 3569. About
25% of those with autism develop seizures in adolescence. Tr. at 3267-68.

5. Prevalence of ASDs.
a. Measurements of Prevalence.

The prevalence of ASD within the U.S. in 2002 can be expressed as 6.6 per
1,000; as 66 per 10,000; as 0.6%, or as one child in 152. Tr. at 3636; see also PML
586'%° (2002 CDC data on ASDs in the U.S.) These figures are highly consistent with
studies in the U.K., Denmark (including the Faroe Islands),’*® and Canada. All of these
countries have prevalence rates in the 60-70 per 10,000 range. Tr. at 3636. However,
within the U.S., ASD prevalence rates vary widely among states. For example, New
Jersey has a rate of 1.06%, but Alabama reported a rate of 0.33%. The rate from
location to location also varies based on methods of case ascertainment. See Res. Tr.
Ex. 12, slide 6; Tr. at 3636-37. Studies conducted since about 2000 are more precise
than earlier studies because they use ascertainment methods across different
populations with similar case definitions, producing the more recent estimates of 66-70
per 10,000. Tr. at 3709-10.

b. An Increase in Prevalence?

One of the areas of controversy concerns the dramatic increase in the

128 Doctor Lord’s report indicated that, based on language level, social deficits, the frequency and
severity of repetitive behaviors, and the nature of parental involvement in treatment, changes in behavior
over time can be predicted. Res. Ex. O at 2. Using observations made at ages two, three, and five, she
and her team identified criteria that would accurately predict behaviors and diagnosis at age nine. Tr. at
3557-58. See C. Lord, et al., Autism from 2 to 9 Years of Age, ARCH. GEN. PSYCHIATRY 63: 694-701
(2006), filed as RML 309.

129 CDC, Prevalence of Autism Spectrum Disorders - Autism and Developmental Disabilities
Monitoring Network, 14 Sites, United States 2002, MORBIDITY AND MORTALITY WEEKLY SURVEILLANCE
SUMMARIES 56 at 12 (February 2007), filed as PML 586.

30 A Ellefsen, et al., Autism in the Faroe Islands. An Epidemiological Study, J. AUTISM & DEV.
DISORDERS 37: 437-44 (2007) [“Ellefsen”], filed as RML 130.
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percentage of children who have diagnoses on the autism spectrum. Some, including
Dr. Deth, have called this an “autism epidemic.” E.g., Deth, PML 563, at 190."*' Doctor
Kinsbourne asserted that “the incidence of the ASD diagnosis is rising spectacularly.”'*?
PML 717 at 6. The parties were in agreement that the prevalence rates of ASD have
increased, not only in the U.S., but also elsewhere in the world, but disagreed on
whether the increase could be explained by factors other than a true increase in ASD’s
prevalence. Petitioners asserted that a true increase in the prevalence of ASDs would
be circumstantial evidence that environmental factors are fueling the increase. See
PML 717 at 7."%

However, Dr. Fombonne, who is both a psychiatrist treating children with ASDs
and a specialist in the epidemiology of ASDs, testified that it is difficult to determine if
the prevalence of ASDs in the U.S. has actually increased in the last 20 years. Tr. at
3715-16. Diagnostic substitution, broadened diagnostic criteria,"* broader diagnostic
concept,'® better case ascertainment,’*® more aggressive efforts to find and diagnose
children with the condition, and an increase in survival rates for premature infants'’
have all played a role in the increased prevalence of ASDs. Tr. at 785-86; 3280-83;
Res. Ex. Z at 4-5 (Report of Dr. Rutter); Res. Ex. W at 5-6 (Report of Dr. Rust); Croen,

¥ R. Deth, et al., How environmental and genetic factors combine to cause autism: a
redox/methylation hypothesis, NEUROTOXICOL. 29(1): 190-201 (2008) [“Deth”], filed as PML 563.

32 Doctor Rutter criticized Dr. Kinsbourne’s juxtaposition of two concepts in this assertion. He
agreed that the diagnosis of autism has increased spectacularly, but disagreed that it means there is a
true increase in the condition. Tr. at 3280-81.

3% Doctor Kinsbourne was unwilling to attribute any particular percentage of cases to TCVs. PML
717 at 7.

3% For example, a letter to the editor of the British Medical Journal reported on efforts to confirm
the reported rate of autism in 1970. At that time, a cohort study identified only five children as having
autism at age five, for a prevalence rate of 0.45/1000. Applying current diagnostic criteria to records of
individuals in that 1970 cohort, the researchers demonstrated over an eight-fold increase in the prevalence
rate to 3.76/1000. See H. Heussler, et al., Prevalence of autism in early 1970s may have been
underestimated, BRIT. MED. J. 323: 633 (2001), filed as RML 234.

'35 A broadened diagnostic concept refers to the fact that individuals with normal intelligence may
be autistic. In earlier decades, autism was thought to be limited to individuals with mental retardation and
there was reluctance to diagnose autism in individuals of normal intelligence. Tr. at 3282-83.

136 Better case ascertainment means that pediatricians, family doctors, psychiatrists, and
psychologists have become more aware of early manifestations of autism. Tr. at 3281.

37 Doctor Rust pointed out that autism diagnoses are more likely to occur in children who were

premature at birth, and more premature infants are surviving to be diagnosed with autism. Tr. at 2479.
Doctor Rodier concurred. Tr. at 3022-23.
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RML 97, at 213-14."® Doctor Kinsbourne conceded that changes in diagnostic criteria,
improved ascertainment, and diagnostic substitution may all have contributed to the rise
in prevalence, but asserted that these factors could not account for the actual rise."*
See PML 717 at 6-7; Tr. at 785-86. Doctor Rutter concluded that the increase in
prevalence was “mainly methodological,” but that the possibility of a true increase could
not be ruled out. Tr. at 3282. Petitioners’ epidemiology expert, Dr. Greenland, avoided
opining on the issue. Tr. at 114.

C. Known Causes of ASD.
1. Overview.

A specific causal factor can be identified in only about 8-20% of cases of ASD.*
Virtually all the known causes involve either a genetic defect or a prenatal toxic insult or
infection. In a few case reports, autism-like syndromes have occurred after postnatal
infections; the experts differed over whether these cases truly represented cases of
ASD, or simply what Dr. Rutter called “phenocopies,” disorders that mimic the
symptoms of ASD. Tr. at 3266-67. The experts had few true disagreements regarding
ASD’s known causes, and agreed that ASDs are highly genetic, but not generally
Mendelian'' conditions. They differed in whether an external factor was necessary to
produce ASD in the presence of a genetic susceptibility for the disorder. As the core

38 L. Croen, et al., The Changing Prevalence of Autism in California, J. AUT. & DEV. DISORDERS
32(3): 207-15 (2002) [“Croen”), filed as RML 97.

39 Doctor Kinsbourne included a citation to a 2002 article by Dr. Rutter (PML 377) for this point.
PML 717 at 6-7. The article filed as PML 377, M. Rutter, Genetic Studies of Autism: From the 1970s into
the Millennium, J. ABNORMAL CHILD PsycHoL. 28(1): 3-14 (2000), was actually published in 2000, not 2002.
The statement Dr. Kinsbourne attributed to Dr. Rutter is not contained anywhere in it. No 2002 article by
Dr. Rutter was filed by either party. Doctor Rutter's CV (Res. Ex. AA) breaks down his publications by
year and the titles of his 2000 and 2002 publications do not reflect any articles likely to contain the
comment Dr. Kinsbourne attributed to him. See also Tr. at 2477-78 (Dr. Rust discussing Dr. Kinsbourne’s
citation to Dr. Rutter’s work).

0 The experts varied only slightly in their estimates of the percentage of cases in which a cause
could be identified. Doctor Rust estimated 8-12%, a rate similar to the rate of known causes for cerebral
palsy and mental retardation. Tr. at 2531-32. Doctor Rutter estimated the rate at 10-15% (Tr. at 3266);
Dr. Kinsbourne placed the rate at around 10-20% (Tr. at 851).

1 Mendelian conditions are named after Gregor Mendel, who first described patterns of
inheritance. See DORLAND’S at 1124. Conditions, such as Huntington’s chorea, are called Mendelian
when they are controlled by a single gene and those who inherit the gene eventually develop the
condition. With the exception of a small number of cases involving single gene inheritance, ASDs are not
Mendelian conditions. Tr. at 3275, 3288; see also C. Marshall, et al., Structural Variation of
Chromosomes in Autism Spectrum Disorder, AM. J. HUMAN GENETICS 82: 477-88 (2008) [“Marshall’], filed
as RML 326 (listing fragile X, Rett’s disorder, and tuberous sclerosis as genetic conditions associated with
ASD, and the maternally- derived duplication of chromosome 15q11-q13 as a cause of 1-3% of cases of
ASD). Single gene defects that produce autistic symptoms are present in less than 6% of cases. Tr. at
2396.
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issue in the Theory 2 cases is whether postnatal administration of TCVs can cause
ASDs, | do not resolve the disagreement regarding postnatal causation at this point. To
the extent that there is reliable evidence for postnatal causes for ASD, that evidence
serves as circumstantial evidence that TCVs might be one as well. The converse also
applies.

2. Heritability'* and Genetics.

Doctor Rust commented that autism is among the most heritable of all
neurological conditions. Tr. at 2394. Autism is about four to five times more common in
boys than in girls, an early suggestion that ASD had a genetic component. See Tr. at
2377-78. Studies of ASD in twins confirmed that ASD is a strongly genetic condition.™
In identical twins, the concordance rate'* for autism is about 60% for autism itself, and
about 90% for the broader phenotype of ASD. Tr. at 789-90, 2595-96, 3272-73. That
is, if one twin has autism, there is a 90% chance that the second twin will have either
ASD or some behaviors that are found in those with ASD. See Le Couteur, RML 296."°
Siblings and fraternal twins have a concordance of 2-4% for autism and 10-27% for the
broader spectrum of autistic disorders.'*® This is a risk 20-50% times greater than that
of the general population. Res. Tr. Ex. 8, slide 14.

Because concordance rates between monozygotic twins are not 100%, factors
other than genes play a role, at least in some instances of ASD. Tr. at 3275. Doctor
Rutter testified that autism results from the combination of between three and twelve

“2 There is a distinction between heritability and genetics. Tr. at 3592-93. Heritability refers to
whether a genetic condition may be inherited or passed on to offspring. Genetics refers to gene
determination of physical characteristics; genetic defects may be inherited or may arise spontaneously,
and not all defects in genes result in the same outcome. See DORLAND’S at 763, 840. In tuberous
sclerosis, a genetic condition, the size, location, and effect of the tumors vary widely among individuals.
Tr. at 3264. In ASD, even in identical twins, |Q measurements or autism diagnoses are not necessarily
concordant. Tr. at 3595.

%3 See, e.g., A. Bailey, et al., Autism as a strongly genetic disorder: evidence from a British twin
study, PSYCHOLOGICAL MED. 25: 63-77 (1995) [“Bailey 1995”], filed as PML 90. Doctor Rutter was the
senior researcher on this study.

144 Concordance is the “occurrence of a given trait in both members of a twin pair.” DORLAND’S at
404.

5 A. Le Couteur, et al., A Broader Phenotype of Autism: The Clinical Spectrum in Twins, J. CHILD
PsYCHOL. & PSYCHIAT. 37(7): 785-801 (1996) [‘Le Couteur”], filed as RML 296. Doctor Rutter was the
senior researcher on this study.

%6 Doctor Rutter testified that the concordance rate in dizygotic twin pairs is about 5% for autism

diagnoses, and about 10% for the broader spectrum of autistic disorders. Tr. at 3272. The Marshall study
also used the 5-10% figures. RML 326 at 477.
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genes, and from non-genetic factors.'” Tr. at 3275-76. He noted that the rate of
chromosome abnormalities is higher in autism than in the general population. There are
more copy number variations'*® in autism. Tr. at 3276. Doctor Rust noted that because
there are a number of genetic influences at work, the condition may be the result of
varieties of gene expression or modifications that occur after the gene begins to express
itself." Tr. at 2396.

Autism is associated with several other genetic disorders, including fragile X
syndrome and tuberous sclerosis. Although children with tuberous sclerosis are more
likely to have autism than children without this genetic disorder, Dr. Rutter was careful
to state that tuberous sclerosis played a part in causation, not that it caused autism.
The risk of autism in those with tuberous sclerosis depends on the brain location where
the tumors are found, and whether there is associated mental retardation. Thus, it is
not clear whether the genes for autism and tuberous sclerosis are interconnected, or
only that the parts of the brain involved in tuberous sclerosis are involved with autistic
behaviors. Tr. at 3265-66. Doctor Rodier concurred with this testimony, commenting
that children with tuberous sclerosis do not show autistic symptoms early on, but as the
tumors cause more brain injury, they may develop them. Tr. at 3020.

In families where there are multiple incidences of autism, members of the
extended family often have a number of personality characteristics similar to those in
autism. Tr. at 2392-93. These characteristics were found in both parents in 38% of
family clusters of autism. Tr. at 2392-93; Res. Tr. Ex. 8, slide 13. See also Pickles,

7 Doctor Rutter preferred the “non-genetic factor” terminology to “environmental factor” because
the non-genetic factor need not be an environmental hazard. Tr. at 3276; see also M. Fraga, et al.,
Epigenetic differences arise during the lifetime of monozygotic twins, PROC. NAT'L. ACAD. Scl. 102(30):
10604-09 (2005) [“Fraga], filed as RML 180 (examining epigenetic differences as one explanation for
discordances in monozygotic twins). The disputes between the parties regarding the non-genetic factors
are set forth below.

%8 Copy number variations are small deletions or substitutions in small bits of the genetic code
that are not the result of inheritance. Tr. at 3276.

%9 “Epigenetics” is the term usually applied to this aspect of gene expression. Epigenetics has
been defined as “the study of heritable changes in gene function that do not change the DNA sequence
but, rather, provide an ‘extra’ layer of transcriptional control that regulates how genes are expressed.” D.
Rodenhiser and M. Mann, Epigenetics and human disease: translating basic biology into clinical
applications, CANADIAN MED. ASSN. J. 174(3): 341-48, 341 (2006) [*‘Rodenhiser and Mann], filed as PML
459. The authors further explained that “[a]lterations in ... epigenetic patterns can ... result[] in profound
and diverse clinical outcomes” and that “genes can be expressed or silenced depending on specific
developmental or biochemical cures, such as changes in hormone levels, dietary components or drug
exposures.” Id. at 341, 342. The MECP2 gene, which is responsible for Rett’s disorder, is involved in
controlling gene expression, and deficiencies in this expression have been found on autopsy in those with
ASD. [d. at 341, 346.
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RML 381."™° This suggests that lesser degrees of expression of a genetic condition may
be causing disturbances in other family members. Tr. at 2393. See also Tr. at 3274-75
(Dr. Rutter describing the Pickles study, RML 381, which compared families with an
autistic member to those with a Down syndrome™' member, finding families with an
autistic member were more likely to exhibit the milder conditions than those with a Down
syndrome member). This phenomenon is known as “familial loading.” Tr. at 3275.

3. Prenatal Insults.

Doctor Rodier testified about five environmental risk factors for autism: rubella,
thalidomide,'? valproic acid,' ethanol, and misoprostol.'** All five are early prenatal
exposure risks identified through population studies.”® Tr. at 3019. She also testified
that the prenatal causes are most likely ones that occur in the first trimester. Tr. at
3020.

Doctor Rodier did not include terbutaline on her list of environmental exposures
because the information that suggests it is a risk factor for autism is not based on a
population study.® The Connors study, PML 73, examined cases of autism in twin

%0 A Pickles, et al., Variable Expression of the Autism Broader Phenotype: Findings from
Extended Pedigrees, J. CHILD PSYCHOL. & PSYCHIAT. 41(4): 491-502 (2000) [“Pickles”], filed as RML 381.
Doctor Rutter was listed as the senior researcher on this study.

¥ The significance of using families with a Down syndrome member is that Down syndrome is a
genetic condition arising from a spontaneous mutation, not an inherited defect. Thus, families with a
Down syndrome member might be as aware of behavioral differences in the Down syndrome child as the
families with an autistic child, reducing reporting biases, but since autism is an inherited characteristic, the
rates of family members with similar behaviors would be different in the two groups. Tr. at 3274-75.

%2 Doctor Rust testified that prenatal thalidomide has been described as having an association
with autism, but that he had not looked carefully enough at the data to have an opinion. Tr. at 2572-73.
He had a similar opinion about valproic acid, noting that the most common defects associated with it were
neural tube defects. Tr. at 2573. Doctor Rodier testified she became interested in autism in 1983 or 1984,
when reports of a possible connection between thalidomide and autism suggested a connection with
teratology. Tr. at 2917.

'53 Valproic acid (dilantin) is used to treat seizure disorders. DORLAND’S at 2004.
154 Misoprostol is used to prevent gastric ulcers and to terminate pregnancy. DORLAND’S at 1161.

%% Doctor Kinsbourne testified similarly, identifying thalidomide, valproic acid, and rubella as
causing autism if administered at specific points during gestation. Tr. at 792-93.

156 A population study would compare rates of autism in those exposed to a possible risk factor,
such as terbutaline, to those of the general population. Tr. at 3020.

%7 3. Connors, et al., B,-Adrenergic Receptor Activation and Genetic Polymorphisms in Autism:
Data from Dizygotic Twins, J. CHILD NEUROL. 20(11): 876-84 (2005) [“Connors”], filed as PML 73.
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pairs exposed and unexposed to terbutaline, with at least one twin in the exposed pair
with autism. Tr. at 3020-21. The study initially found that there was no significant
increase in the risk of the second twin having autism. However, when a small subset of
male twins with no other affected siblings was considered, terbutaline exposure
appeared to produce an excess risk of autism. Tr. 3021.

Doctor Rodier explained that the nature of the exposure made it difficult to
determine whether terbutaline produced the excess risk or if it was the reason for the
terbutaline administration, i.e., the risk of premature labor. If the terbutaline not been
administered, the twins might not have survived long enough to be diagnosed with
autism. Tr. at 3021-22. Children with very low birth weights as the result of premature
delivery have a greater risk of autism, which could be due to the birth weight itself, or
the fact that a fetus with autistic injuries is more likely to have low birth weight. Tr. at
3022-23. It is difficult to separate whether terbutaline increases the risk of autism or
preserves pregnancies with preexisting risk of autism.™® Tr. at 3023.

Petitioners relied on the Zerrate rat study, PML 106,"° to demonstrate that a
postnatal exposure could produce brain effects similar to those found in individuals with
ASD. See Pet. Post-Hearing Br. at 39. The authors noted that the brains of the rat
pups resembled “those reported in post mortem examinations of corresponding brain
regions in autistic individuals.” Zerrate, PML 106, at 17. However, because rat pups
are more immature at birth than humans, the period of comparable exposure would
have involved late gestation in humans. Tr. at 3024.

4. Postnatal Events Other Than TCVs.

Doctor Kinsbourne asserted, based on case reports,'® that environmental

*8 The authors of the Connors study agreed with Dr. Rodier’'s assessment. They wrote:

Although twinning itself might or might not directly contribute to the development of
autism, it might increase the risk of exposure to other environmental influences. Twin
birth rates increased over the past decade in the United States, rising 33% since 1990
and the most pronounced increases occurred in older mothers...Multiple births with
attendant uterine size and irritability also increase the risk of premature labor and
therefore the risk of exposure to a 3, -adrenergic receptor agonist drug, such as
terbutaline for tocolysis.

Connors, PML 73, at 881 (footnote omitted).

%9 M. Zerrate, et al., Neuroinflammation and Behavioral Abnormalities after Neonatal Terbutaline
Treatment in Rats: Implications for Autism, J. PHARMACOL. & EXPERIM. THERAPUTICS 322(1): 16-22 (2007)
[“Zerrate™, filed as PML 106.

1% See, e.g., |. Gillberg, Autistic Syndrome with Onset at Age 31 Years: Herpes Encephalitis as a

Possible Model for Childhood Autism, DEv. MED. & CHILD NEUROL. 33: 912-29 (1991), filed as PML 340
(describing several other case reports, in addition to this particular case).
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exposures occurring after birth, including herpes encephalitis, can produce autistic
syndromes. Tr. at 793. Doctors Rodier and Rutter agreed that herpes encephalitis
occasionally causes autistic-like behaviors, but disagreed that it was a cause of ASD.
Herpes encephalitis causes tremendous brain damage; this damage, rather than the
disease, causes the autistic behavior (Tr. at 3058). Doctor Rutter concurred, testifying
that herpes encephalitis cases have “some autistic features of a kind that are parallel,”
but are different in the course and in the age of onset (Tr. at 3266). He also commented
that he was unconvinced that the herpes encephalitis cases were “the same sort of
thing as autism as we ordinarily understand it.” Tr. at 3324; see also Damasio, PML
328'%" (describing the location of virus damage). | note that the area of damage (the
limbic system) described in the Damasio article is similar to areas of anatomical
abnormalities found in the brains of those with autism. See Section IV.G below.

Doctor Rodier testified that case studies have associated malaria in young
children with later presentation of autism (Tr. at 3044), but Dr. Rust expressed
skepticism that malaria caused autism. He explained that malaria can produce a severe
encephalopathy, but that the co-occurring motor, sensory, and intellectual problems
should preclude an autism diagnosis. Tr. at 2574-75.

There are a few cases involving acute postnatal encephalopathies with later
development of autistic symptoms, but Dr. Rodier would classify those with the tuberous
sclerosis cases: where there is sufficient injury to the brain, some symptoms consistent
with autism occur. Tr. at 3044-45. The postnatal damage causes behavior that mimics
the symptoms of autism, but has a very different etiology. Tr. at 3059. Doctor Rutter
indicated that, on rare occasions, brain abnormalities acquired postnatally can give rise
to ASD-like features, but it was difficult to decide whether these were truly postnatal
causes of autism or simply phenocopies. Tr. at 3266-67; Res. Ex. Z at 8. Doctor
Kinsbourne called these diverse causes for autism “functional convergence,” producing
clinical appearances of autism. Tr. at 793. Doctor Rust was skeptical that
encephalopathies could result in a true autistic regression. See Tr. at 2568.

Doctor Rutter summed up the evidence regarding known causes of ASD by
saying that all of the evidence that is “reasonably solid” indicates prenatal causes. Tr.
at 3267. He was not willing to rule out entirely the possibility of very early postnatal
causes, although he knew of no good examples of them. Tr. at 3267.

D. Regression In ASD.

1. Overview.

Initially at least, the phenomenon of regression in ASD appeared to be at the

" A. Damasio and G. Van Hoesen, The limbic system and the localisation of herpes simplex
encephalitis, J. NEUROL., NEUROSURG. & PSYCHIATRY 48: 297-301 (1985) [‘Damasio”], filed as PML 328.
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heart of petitioners’ case.'®® Doctor Kinsbourne opined that regressive autism is a
separate and distinct condition, with environmental causes occurring after birth playing
a role in its etiology. PML 717 at 6-7; see also Tr. at 780-82, 851-53. He also indicated
that the causes of regressive autism may be distinct from those of non-regressive
autism. PML 717, at 6. Petitioners’ epidemiologist, Dr. Greenland, relied on the
existence of a subset of regressive autism, termed “clearly regressive autism,”'® for his
opinion that the epidemiological studies finding no association between TCVs and ASD
were irrelevant to the issue of causation because they would have missed an effect of
TCVs on this small subgroup. See Section V.F. below. Doctor Aposhian postulated a
small subgroup of children hypersusceptible to mercury’s effects (see Section VI below),
although he did not expressly state that the subgroup must be composed of children
with regression or “clear” regression. Petitioners intimated that Dr. Fombonne had
validated the use of this term (Pet. Post-Hearing Br. at 53), but this is either a
misstatement or a misunderstanding of Dr. Fombonne’s testimony. See Tr. at 3683-84.
Both Drs. Kinsbourne and Deth presented testimony relating their causation opinions to
regressive autism, although Doctor Deth acknowledged that there was nothing in the
causal mechanisms he advocated that applied solely to regressive autism. Tr. at 64;
see also Section VIl below. Doctor Kinsbourne did so as well. Tr. at 901, 904
(acknowledging that his neuroinflammation hypothesis was not necessarily limited to
regressive autism); see also Section VIII below.

Considerable testimony was devoted to explaining the nature of regressive ASD
and how it differs from “classic” ASD. Several areas of consensus emerged. It is clear
that some proportion of children with autistic disorder and PDD-NOS experience a loss
of skills at some point in their development. However, the weight of the evidence is that
those who experience regression are not otherwise biologically or behaviorally distinct
from other children with ASD.

162 Regression occurs in children with classic autism and in those with PDD-NOS or milder forms
of the condition. Tr. at 3669. Regression is a part of the diagnostic criteria for Rett’s disorder and CDD.
DSM-IV-TR at 76, 78.

'83 Doctor Greenland defined “clearly regressive autism” as regressive autism in which there were
no developmental problems prior to the regression. Report of Dr. Greenland, PML 715, at 6-7. The
existence of “clearly regressive autism” as a diagnostic subtype of regression is one of the matters in
dispute. Aside from testimony by Dr. Greenland (who was not qualified to opine on its existence) and
some testimony from Dr. Kinsbourne (Tr. at 784 (the percentage of cases where the child is clearly
regressive is below 20%); Tr. at 784 (explaining the concept as “when a child is clearly regressive, that's
very clear”)), there is no evidence that “clearly regressive autism” is recognized as a distinct entity. Doctor
Kinsbourne’s report did not refer to “clearly regressive autism” at all. It is not listed in the DSM-IV-TR.
Doctor Lord, who has performed considerable research into the phenomenon of regression, testified that
she had never heard the term and that it was not used in the published literature. Tr. at 3571; see also Tr.
at 3683-84 (Dr. Fombonne testifying that he had never heard the term, and, contrary to Dr. Greenland’s
testimony, he was not the source for Dr. Greenland’s definition).
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2. Existence of Regression.

The terms “classic” or “early onset” are used to describe the majority of children
with autistic disorder, as well as most children with other ASDs.'®* Early descriptions of
ASDs by Kanner and others'® included reports that some children with the condition
experienced a loss of skills. Tr. at 3284, 3559-60. At one time, there were concerns
about whether these reports, largely based on parental recall, were accurate. Although
it is now generally accepted that loss of skills occurs,'® there is still considerable debate
about whether the children who experience loss of skills were developmentally normal
prior to the loss, how widespread the phenomenon actually is, when regression begins,
and how to define it. The general consensus is that it does not represent an
etiologically distinct subtype of ASD. Tr. at 3284-85.

3. Definitions.

Doctor Lord was involved in the early efforts to determine whether regression
actually existed and to define it. Tr. at 3547-48. She defined the phenomenon of
regression in autism as the loss of previously observed and demonstrated skills, or as a
reduced frequency of demonstrating those skills.'®” Tr. at 3558.

'®* In his report and testimony, Dr. Kinsbourne used the term “congenital autism” to refer to autism
in which there is no loss of skills. “Congenital”’ is defined as “existing at, and usually before, birth; referring
to conditions that are present at birth, regardless of their causation.” DORLAND’s at 408. To the extent
that autism is prenatally and genetically determined, Dr. Kinsbourne’s use of the term may be technically
correct, but it would be very rare for autistic symptoms (as opposed to dysmorphology associated with
autism) to be detectible at birth.

Perhaps for this reason, Dr. Lord took exception to Dr. Kinsbourne’s terminology. Tr. at 3584-85.
She explained that autism cannot be diagnosed in a newborn. In the process of development, autistic
behaviors emerge, both in those with regression and in those without. She testified that a distinction
between “congenital” and regressive autism is a false one. Tr. at 3585.

165 See S. Wolff and S. Chess, A Behavioural Study of Schizophrenic Children, ACTA. PSYCHIATRY
SCAND. 40: 438-66 (1964), filed as RML 514 (reporting on a number of cases documenting loss of skills).
Childhood schizophrenia was one of the terms then used to describe ASDs.

'%6 Doctor Lord was emphatic in stating that regressive autism does exist. Tr. at 3558. Doctor
Rutter concurred, commenting that both home video and other studies confirm that regression happens.
Tr. at 3285. He testified that he did not like to use the term “regressive autism” because of the implication
that it is a distinct subtype of autism. Tr. at 3284.

'” How broadly or restrictively the phenomenon is defined obviously affects the estimates of the
percentage of those with regressive autism. Tr. at 3670. If the threshold for describing regression is how
often a child looks at people at nine months of age, compared to how often he looks at them at 15 months
of age, then nearly every child with autism would be described as regressed. If the criteria are more
restrictive, then the percentage of autistic children with regression declines. Tr. at 3566-67. The length of
time a skill loss must persist is another definitional variable. Tr. at 3567-68. Doctor Kinsbourne appeared
to be in at least partial agreement with this evidence, as he testified that the definitions for regression vary.
Tr. at 783. He noted that some studies use the criterion that a child had words and then stopped using
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Doctors Rutter and Lord explained that, in most cases, regression is simply one
variable in the early development of those with autism. Tr. at 3579. There are children
who experience a dramatic loss of skills, those in whom losses are minor and more
difficult to spot, and those who fall somewhere in between. Tr. at 3284-85. Regression
is not a condition that either exists or does not exist in a particular child; it is a matter of
the degree and type of worsening that occurs. Tr. at 3284, 3579. Aside from the fact of
regression itself, children with regression do not form a distinct group. Tr. at 3285.

Doctor Fombonne explained that there is no standardized definition of regressive
autism in the ADI-R and no subcategory in it for regressive autism. Tr. at 3769-70.
Although there are questions pertaining to regression, they were added to aid in
standardizing studies that might look at regression as part of the developmental course
in autism, not to define diagnostic subtypes. Tr. at 3771-72.

4. Assessment and Timing of Regression.

Regression typically occurs at the end of the first year or during the second year
of life in children with autistic disorder or PDD-NOS. Tr. at 3285, 3558-59. It occurs
later, usually after three years of age, in CDD. DSM-IV-TR at 77. It is typically
assessed by careful interviews of parents to obtain very specific information about the
skills that the children had and when they lost them.® Tr. at 3560.

Although loss of words was once thought to be the primary manifestation of
regression, research by Dr. Lord and others suggests that what is most common is loss
of social skills, such as waving or playing peek-a-boo. Tr. at 3561-62, 3565-66, 3589.
However, loss of words is the symptom the parents most often agree upon when
interviewed years later. Tr. at 3565-66. Losses in the play domain are less often found.
The degree to which the child is losing imaginative play and gaining repetitive behaviors
is difficult to quantify. Tr. at 3589-90.

Trajectories of development and loss are similar, but their timing may vary. Tr. at
3564. In some children, the loss of sKills is precipitous; in others, it is much more
gradual. Tr. at 3566-67. Regaining sKkills is also variable. Tr. at 3560, 3567. In

them. Others use stricter language criteria or may look for a change in play or socialization patterns. Tr.
at 783. He described “clear-cut’ cases where a child who once had a significant amount of language quit
talking, or a child who had been playing in a normal fashion suddenly started lining up toys. If the criteria
require this clear-cut demarcation, then the percentage of cases will be lower. Tr. at 784.

'%8 The skill of the interviewer may confound the data collected. Careful questioning is essential
because parents are more likely to remember a dramatic loss, such as a child having five words and then
never speaking again, than they are to remember that a child stopped talking for a month. Tr. at 3568.
Although parents have a wealth of information about their children, they may not understand everything
that is relevant if simply asked about a loss of skills. Tr. at 3561. There is a huge variability in the skills
children acquire between 12 and 24 months of age, and children with ASD are no exception. Tr. at 3560,
3579.
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interviewing the parents of two-year-olds, Dr. Lord’s group found children who lost skills
for a month and then began regaining them. They also found children who lost
language and who did not talk again for months or years. Tr. at 3568. Most children
with regression regain language at levels similar to those who do not experience a loss
of skills, but have about a ten point lower verbal IQ than those without regression.'®® Tr.
at 3567. There is a large degree of variability in the time between word loss and
regaining language skills. Tr. at 3567.

At the time of the hearing, Dr. Lord had been involved for three years in a “baby
sibs” study of infants who have risk factors for autism, to determine if regression can be
detected as it happens. Tr. at 3548. Because most of what is known about regression
is based, at least partially, on retrospective reports, this study provides an opportunity to
assess regression as it happens, and a different picture of regression is emerging.'”®
Tr. at 3582-83. For almost all children who develop autism, eye contact worsens
between 12-24 months. Social engagement and social responsiveness also gets
worse. Tr. at 3581. The changes in development in children who are eventually
diagnosed with autism are much more complicated than they were once thought to be.
Tr. at 3582.

5. Regression and Prior Abnormal Development.

Studies over the last 10 years demonstrate that most children with regression
showed deficits prior to the loss. Tr. at 3570-71, 3577. Some did not. Tr. at 3291; see
also Tr. at 2467, 3290-91, 3570. Doctor Rust testified that about 80% of children with
what has been called regressive autism had some abnormalities prior to the time they
lost skills."" Tr. at 2388.

Both Drs. Rutter and Lord indicated that reviewing pediatric records is not a

'%9 This 10-point figure is based on Dr. Lord’s own research. Tr. at 3567. She noted that other
studies have found no difference. Tr. at 3567.

% Doctor Lord’s testimony about this study was based on findings that have not yet been
published and peer reviewed. Tr. at 3598-99. No peer reviewed study covering this data was submitted
prior to the closure of the evidentiary record in this case. Doctor Lord disagreed with cross-examination
questions suggesting that her testimony based on this study was merely anecdotal. She pointed out that
her observations were not based on one child, but rather on 50 children who have been followed in a very
systematic way for three years. Tr. at 3602. She also noted that her testimony was largely based on her
experience over the last 35 years, not simply on the toddler study. Tr. at 3605. Although | have
considered this evidence (just as | have considered as evidence Dr. Deth’s current unpublished research
(see Section VII.C. below)), | have not accorded Dr. Lord’s testimony about this study the same weight |
would give a peer reviewed study published in an indexed journal. Nevertheless, three years of
systematic personal observations of children by a trained observer with 40 years of experience in ASD are
entitled to some weight.

" Doctor Rust testified that this figure was consistent with the medical literature, but was also
based on his own, as-yet unpublished research. Tr. at 2520-21.
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reliable way to assess whether a child was developing entirely normally during the first
year of life. Tr. at 3263, 3571. The physicians creating the pediatric records are not
focused on documenting early signs of autism, and if abnormalities are not clear cut,
they may not record them. A record that reflects concerns, such as assessments that a
child has delayed skills, is likely to be valid, but a record that reflects no problems does
not mean that no problems exist, as the physician may not have noticed them or asked
the correct questions, or she may simply have failed to record parental concerns. Tr. at
3263, 3571-72.

6. Prevalence of Regression.

Studies vary in the reported percentages of children who experience regression,
but the range is about 15-50%.""? Doctor Fombonne noted that the actual rate of
regression depends on the criteria used to define it. The questions in the ADI-R which
document regression have been revised to detect more subtle forms of regression, and
thus rates may become higher. Tr. at 3670.

The prevalence of regression as a percentage of those with autism does not
appear to have changed over time."® Using the same definition of regression, the
Fombonne and Chakrabarti study,’”* RML 147, examined the trend over time, finding
very little difference in the percentage of regression in those born between 1992-95, and
those born in 1980 or earlier."” Tr. at 3673-74; Res. Tr. Ex. 12, slide 23.

Doctor Kinsbourne did not challenge the evidence regarding the prevalence of
regression. However, he drew a causal conclusion from the fact that the percentage of
cases of regression had not changed over time. This conclusion is discussed below.

'"2 Doctor Kinsbourne’s report contained a 20-30% figure. PML 717 at 7. Doctor Rutter testified
that it was about 25-33%. Tr. at 3285. Doctor Fombonne estimated it at 15-35%. Tr. at 3670. See also
R. Hansen, et al., Regression in Autism: Prevalence and Associated Factors in the CHARGE Study,
AMBUL. PEDIATRICS 8(1): 25-31, 25 (2008) [“Hansen”], filed as RML 223 (summarizing numbers from
several studies and indicating that up to 50% of children in clinical samples experienced regression).

'73 Both parties agreed that the percentage of autistic children with regression was not increasing
at a rate faster or slower than that of autism in general. Tr. at 3285; Report of Dr. Kinsbourne, PML 717,
at7.

" E. Fombonne and S. Chakrabarti, No Evidence for A New Variant of Measles-Mumps-
Rubella—Induced Autism, PEDIATRICS 108(4): 1-8 (2001) [*Fombonne and Chakrabarti’], filed as RML 147.

'7® This finding tracks closely with a number of other studies. Tr. at 3674-77. These include the
Honda study in Japan (H. Honda, et al., No effect of MMR withdrawal on the incidence of autism: a total
population study, J. CHILD PSYCHOL. & PSYCHIATRY 44(6): 572-79 (2005) [‘Honda"]), filed as RML 243, and
the Taylor study in England (B. Taylor, et al., Measles, mumps, and rubella vaccination and bowel
problems or developmental regression in children with autism: population study, BRIT. MED. J. 324: 393-96
(2002) [“Taylor™), filed as RML 478.
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7. Significant Studies of Regression.
a. The Hansen Study, RML 223.

The Hansen paper is part of the CHARGE study.'”® The study is a very recent
examination of 333 California children with ASD diagnoses. When regression was
defined as the loss of both social skills and language, 15% of the children were
classified as displaying regression. When loss of either language or social skills was
used as the defining criterion, an additional 26% of the children were classified as
regressed, for a total of 41%. Tr. at 3671; Hansen, RML 223, at 28.

The CHARGE study also looked at whether regression has distinctive
characteristics that would merit considering regressive autism as a separate phenotype
in terms of family history, a biological marker, or a different response to treatment. Tr.
at 3671-72. The CHARGE study failed, as have many other studies, to validate that
regressive autism is different than non-regressive autism. The study also examined
gastrointestinal symptoms, seizures, and sleep problems, and failed to find any
differences between the early onset and regressive groups. Tr. at 3672-73; Hansen,
RML 223, at 29.

The only areas of significant difference between the children with early onset and
regression were in communication, expressive language, and lethargy. Although
statistically significant, the differences were small. Hansen, RML 223, at 27-28. There
were no statistically significant differences in demographics or clinical factors. /d. at 29.
The authors concluded that the differences observed did not suggest any etiologic
differences in the two groups. /d. at 30.

b. The Richler Study,"” RML 397.

Doctor Lord was the principal investigator on the Richler study, which was
authored by one of Dr. Lord’s graduate students. Tr. at 3573. The study used data
from a number of sites around the country to investigate whether regressive autism is a
separate phenotype of autism. Tr. at 3574-75.

The study began with the hypothesis that children with regression constituted a

176 “CHARGE” stands for Childhood Autism Risks from Genetics and the Environment. It is an
ongoing case-control study with three categories of subjects: (1) children with either autistic disorder or
ASD; (2) children with developmental delays but not autistic disorder or ASD; and (3) typically developing
children. Hansen, RML 223, at 26. The Hansen study focused on children in the first category. The
authors used standard ASD screening tests, the ADI-R and the ADOS, in preschool populations of
children with autistic disorder and those with ASD. /d.

7 J. Richler, et al., Is There a ‘Regressive Phenotype’ of Autism Spectrum Disorder Associated

with the Measles-Mumps-Rubella Vaccine? A CPEA Study, J. AuUTISM & DEVEL. DISORD. 36(3): 299-316
(2006) [“Richler], filed as RML 397.
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distinct autism phenotype, and attempted to determine how they were different. Tr. at
3575. However, the evidence did not support the hypothesis. Tr. at 3578-79. They
looked at language and the development and acquisition of social skills before their
loss, as well as at gastrointestinal symptoms,'”® gender, ethnicity, and birth order in
children with regression. These characteristics were compared to children without
regression and to typically developing children to determine if there were characteristics
in the regressed children that set them apart. Tr. at 3575.

They found only minor differences. Tr. at 3575. Children with regression had
slightly lower verbal 1Q scores when older, and there was a slightly higher frequency of
parental reports of diarrhea and constipation in children with regression. Tr. at 3575-76,
3578. They did not find a clustering of the characteristics that had been suggested as
defining regressive autism as a separate phenotype. Tr. at 3578. The subgroup of
children with regression who most closely fit the authors’ postulated separate phenotype
of regressive autism did not fit petitioners’ “clearly regressive” phenotype. This
subgroup of children with regression had abnormal development in the majority of the
areas studied prior to their loss of skills. Richler, RML 397, at 313.

The weight of the evidence is that children with ASD and regression do not differ
in any significant respect from children with ASD who did not experience any loss of
skills. There does not appear to be a biological difference between those who
experienced a loss of skills and those who did not. Although most of the brain
physiology studies discussed below did not identify whether the brains examined were
from individuals with regression, the few that did buttress the conclusion that those who
experienced regression and those who did not have the same disorder, not two different
ones.

E. Brain Physiology.
1. Brain Structures Pertinent to the Neuropathology of ASD.
a. Overview.

A general understanding of the gross anatomical and cellular structures
discussed in the neuropathology studies is helpful, particularly in assessing the
significance of differences between the brains of typically developing individuals and of
those with ASDs. This section covers the gross anatomy of the brain structures and
systems discussed in the studies, and the pertinent cell types that comprise them. Most
of the material in this subpart was not contested; following my usual practice, | have
identified areas of disagreement.

'78 Children with ASD have a high rate of gastrointestinal problems and dietary selectivity. M.
Valicenti-McDermott, et al., Frequency of Gastrointestinal Symptoms in Children with Autistic Spectrum
Disorders and Association with Family History of Autoimmune Disease, J. DEV. & BEHAV. PEDIATRICS
27(2): S128-36 (2006), filed as PML 299.
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A system refers to a number of structures in the brain that work together, such as
the limbic system, discussed below. Autism is generally considered to be a “systems
disorder.” Although ASD was once thought to be due to localized areas of brain
abnormality or a focal brain lesion, current research indicates that a systems problem is
involved. A systems abnormality occurs when interconnections between different parts
of the brain are not working properly. Tr. at 3268, 3338. The presence of systems
abnormalities has been confirmed by imaging studies, such as a functional MRI, which
examine brain functioning in relation to specific cognitive tasks. These studies have
consistently shown a systems problem in ASD. Tr. at 3268-69. The parts of the brain
that are working when specific tasks are performed are different in individuals with
autism, as compared to neurotypical individuals. Tr. at 3268-69.

b. Anatomy of the Brain.

Grossly, the brain consists of three major portions: the brainstem, the
cerebellum, and the cerebrum. See Res. Tr. Ex. 10, slide 2, for an illustration of the
parts of the brain.

The cerebrum is the largest and most highly evolved portion of the brain. It
occupies the upper part of the cranium.'® The outer portion of the cerebrum is covered
by the cerebral cortex, which consists of a superficial, thin layer of gray matter.’® The
cortex forms folded bulges, called gyri, with deep furrows or crevices, called sulci. In
the cerebral cortex, there are six cell layers, which are sometimes referred to as the
neocortex. The layers are numbered from brain surface inward and include Layer | (the
molecular layer),”®" Il (the external granular layer), Ill (the external pyramidal layer), IV
(the internal granular layer), V (the internal pyramidal layer), and VI (the multiform
layer). The brain’s white matter lies underneath Layer VI."® These layers include the
most highly evolved type of cerebral tissue.'®® Minicolumnar structures are found
between Layers VI and Il, consisting of pyramidal neurons'®* ascending vertically,

' See DORLAND’S at 336. The cerebrum is subdivided into sections or lobes, but an explication of
the subdivisions is not generally necessary to understanding the evidence.

'8 Gray matter (“substantia grisea”) consists primarily of neurons, dendrites, and unmyelinated
axons. DORLAND’s at 1781-82.

'8 The subplate zone and Layer | of the cerebral cortex are illustrated on Res. Tr. Ex. 10, slides
14, 15, and 17.

182 \White matter (“substantia alba”) consists primarily of myelinated axons and nerve fibers.
DORLAND’S at 1781.

183 See DORLAND'S at 425, 1006, 1227 (illustration of the layers of the neocortex).

'8 Pyramidal cells are triangular-shaped neurons that are found in the pyramidal layers of the
cerebral cortex (Layers lll and V) and in Layers Il and IV. An illustration of pyramidal neurons appears on
Res. Tr. Ex. 10, slide 15.

66



surrounded by cell-poor areas containing unmyelinated axons, dendritic arborizations,®®
and synapses.'®

The cerebellum is an area of the brain located at the back of the head below the
cerebrum and behind the brainstem.' The cortex of the cerebellum consists of three
layers, including one of granule cells and one of Purkinje cells (discussed below).
Studies relating to Purkinje and granule cells are some of the most significant in both
mercury toxicity and the pathophysiology of ASD.

The portion of the brainstem primarily discussed is the medulla (sometimes
called the medulla oblongata), which is located in the back of the brain. Tr. at 2807. It
is a cone of nerve tissue connecting the pons and the spinal cord.’®® The medulla is
illustrated on Res. Tr. Ex. 10, slide 5. The inferior olive is a structure found in the
medulla, in an area with many neurons. Tr. at 2810. It is the source of the climbing
fibers connecting to the Purkinje cells in the cerebellum. Tr. at 2816. The arcuate
nucleus is a small gray matter area of the medulla.” It is illustrated on Res. Tr. Ex. 10,
slide 7.'%°

The thalamus is a large, dual-lobed mass of gray matter cells located at the top
of the brainstem, near the center of the brain. It contains groups of nuclei that relay
sensory impulses to the cerebral cortex.'’

c. The Limbic System.

The limbic system is a group of brain structures involved with autonomic
functions and aspects of emotion and behavior.'® It includes the hippocampus,

'85 Dendritic arborization refers to the tree-branch appearance of projecting fibers from neurons.
See DORLAND’s at 122.

'8 Report of Dr. Casanova, Res. Ex. C, at 5; M. Casanova, et al., Minicolumnar pathology in
autism, NEUROL. 58: 428-32, 428 (2002) [“Casanova 2002"], filed as RML 62. Although he was scheduled
to testify, respondent elected not to call Dr. Casanova as a witness for reasons not disclosed. See Tr. at
3235.

'87 See DORLAND'S at 336.

188 See DORLAND’S at 246, 1113.

189 See DORLAND’S at 1284.

'% The source of this illustration is A. Bailey, et al., A clinicopathologicial study of autism, BRAIN
121: 889-905 (1998) [“Bailey 1998, filed as PML 220.

191 See DORLAND’S at 1891.

192 See DORLAND’S at 1843.
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amygdala,' and cingulate gyrus.'®* The amygdala is connected to the limbic cortex,
and is connected by fibers to the hippocampus and thalamus. The cingulate gyrus is a
part of the cerebrum near the corpus callosum. The hippocampus'® is a sheet of
neurons located within the temporal lobes of the cerebrum, adjacent to the amygdala.
Tr. at 2831. Several of Dr. Kemper’s slides provided illustrations of these brain
structures. See, e.g., Res. Tr. Ex. 10, slides 2, 16, 19, 21.

2. Cellular Structure.

The cellular structures of the brain include neurons and neuroglial cells, which
include astrocytes and microglia. Neurons perform the control functions of the brain,
while neuroglial cells play a variety of supporting roles. Tr. at 795; DORLAND’S at 1254,
1256. In a normal brain state. the three primary cell types—astrocytes, neurons, and
microglia—exist in harmony. Tr. at 2241. Both microglia and astroglia are involved in
cortical organization and contribute to the regulation of immune responses in the central
nervous system. Pardo, PML 72, at 489." Changes in astroglia and microglia can
produce both neuronal and synaptic changes that contribute to central nervous system
dysfunction. Pardo, PML 72, at 489.

a. Neurons.

A neuron consists of a cell body, several short arms (called dendrites), and a
long arm (called an axon). The axon terminates in a number of small branches and
may have other branches projecting from it before its terminus. DORLAND’S at 1256.
The axon is covered with a sheath containing myelin and other materials. DORLAND’S at
1256; see also DORLAND’S, Plate 36, at 1244.

Prenatally, neurons are created in particular areas of the brain and migrate along
glial fibers to other areas. As they migrate, they leave behind a trail of axons, which
develop and lengthen. Neurons move in a particular trajectory, which can be
interrupted or changed by events such as early damage to the brain. Tr. at 2548-50,
2554; Res. Tr. Ex. 8, slide 77. An early stroke could cause migration to be abnormal,
resulting in tangles of cells that do not reach their intended destination. Defects in
neuronal migration may also be the result of genetics or other factors. Tr. at 2551-52.

Astrocytes facilitate the migration of neurons, as well as ensuring their survival.

1% See DORLAND’S at 421 (corpus amygdaloideum).
1% See DORLAND’S at 806.
' See DORLAND’S at 853.

% C. Pardo, et al., Immunity, neuroglia and neuroinflammation in autism, INT'L. REV. PSYCHIATRY
17(6): 485-95 (2005) [“Pardo’], filed as PML 72.
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Tr. at 2410. Neurons can be grown in culture without astrocytes, but once the neurons
mature, astrocytes must be present or the neurons will die off. Tr. at 2410.

(1) Purkinje Cells.

Purkinje cells are a type of GABAergic'®’ giant neuron found in the Purkinje layer
of the cerebellar cortex. They appear on slides as huge gray cells and are so large that
they can be seen on slides with the naked eye. Tr. at 2882, 3027; DORLAND’S at 325.
Doctor Kemper called them the “boss cell[s] of the cerebellar cortex.” Tr. at 2812.

Axons from other neurons in the inferior olive travel to the cerebellum and form a
“basket-like nest”'®® in which each Purkinje cell rests.”® Purkinje cells appear in
discrete layers or rows and can be easily counted, in contrast to small neurons, which
do not form such layers. Tr. at 2405.

(2) Granule Cells.
Granule cells® are small neurons found in the granular layers of the cerebral
and cerebellar cortices. See also Res. Tr. Ex. 10, slide 9. They are associated with
Purkinje cells such that destruction of Purkinje cells may lead to destruction of
associated granule cells. Tr. at 2814.

b. Glial Cells.*"

Neuroglial cells are the supportive tissue of the central nervous system. They
include microglia and astrocytes, as well as several other cell types not discussed.
DORLAND’S at 324; Tr. at 509.

(1) Astrocytes.

Astrocytes (sometimes referred to as “astroglia”) are star-shaped cells that have
caretaker functions in the brain. Tr. at 795. Astrocytes function as a barrier between

97 “GABA” is gamma aminobutyric acid. DORLAND’S at 747. “GABAergic” refers to inhibitory
neurons, those which secrete GABA, the brain’s primary inhibitory neurotransmitter. Tr. at 2812-13, 2882.
Neurotransmitters are chemicals used by neurons to communicate cell to cell. Tr. at 795-96.

%8 See DORLAND’S at 318 (basket cell).

%9 A photograph of Purkinje cells appears on Res. Tr. Ex. 10, slide 9; see also Res. Tr. Ex. 11,
slide 12; Tr. at 3028 (the axons forming the basket stain black when treated with an immunocytochemical
stain for neurofilaments). Tr. at 2405.

200 See DORLAND'S at 321.

21 The term “glial” is used to describe brain cells that are not neurons. Tr. at 509.
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microglia and neurons, communicating with both and trying to maintain a homeostatic
state. Tr. at 2241-42. They comprise between 25% and 50% by volume of the cells in
the central nervous system.?> Astrocytes respond to and prevent the build up of
neurotransmitters and affect the permeability of the blood brain barrier. Pardo, PML 72,
at 489. In addition to their other functions, astrocytes chemically detect invaders and
activate microglia. Tr. at 798-99.

Gliosis is the proliferation of astrocytes. Tr. at 2243. In gliosis, the astrocyte’s
nucleus and cytoplasm enlarge and they are more readily stained with glial fibrial acidic
protein [“GFAP”]. Tr. at 2852. Staining with GFAP is the “gold standard” in identifying
astroglial cells, because the stain reacts only with astroglial cells. It will not stain
neurons or other types of glial cells. Tr. at 2879-80.

Although Dr. Kinsbourne testified that glial scars are formed from dying
astrocytes,?*® Dr. Johnson testified that Dr. Kinsbourne was incorrect. Glial scarring is
actually the result of activation of astrocytes moving into an area of the brain that has
been damaged. Once there, astrocytes secrete proteins that lay down a matrix that
forms the scar. Tr. at 2244. Astrocyte death is not required for and is not a
consequence of gliosis. See Tr. at 2852.

(2) Microglia.

Microglia play a number of roles in the brain. When activated,®* they function as
the macrophages or phagocytes®® of the brain, as a part of the brain’s innate immune
system. Tr. at 2893. They also play a role in the development of the nervous system
and brain. Tr. at 2426, 2850. Microglia are primarily dormant, in contrast to astrocytes
and neurons, which are always active. Tr. at 798. When activated, microglia undergo
chemical changes that cause them to swell. Microglia also emit cytokines®® and

22 See M. Aschner, et al., Involvement of glutamate and reactive oxygen species in
methylmercury neurotoxicity, BRAZILIAN J. MEDICAL & BIOLOGICAL RES. 40: 285-91, 286 (2007) [“Aschner
2007", filed as PML 570 (50%); M. Aschner, et al., Methylmercury alters glutamate transport in astrocytes,
NEUROCHEM. INT’L. 37: 199-206, 200 (2000) [*“Aschner 2000"], filed as PML 568 (about 25%).

203 Doctor Kinsbourne testified somewhat inconsistently about gliosis, calling it evidence of
astrocytic death (Tr. at 876); “an overgrowth which leads to a scarring” (Tr. at 876); and an excess of
astrocytes, which die and leave the appearance of scars in the brain (Tr. at 877).

204 Microglial activation means that glial cells are more prominent within the tissue. The cytoplasm
of the cells is enlarged and the nucleus may also be. Tr. at 2849.

205 Phagocytes are cells that engulf other cells. Microglia are sometimes called “gitter” cells.
DORLAND’s at 321, 323. As part of the brain’s immune system, microglia clean up debris, such as dead or
dying cells and toxins. Tr. at 2426.

208 Cytokines are “[hJormone-like messenger molecules that cells use to communicate.” L.
Sompayrac, How THE IMMUNE SYSTEM WORKS 117 (2d ed. 2003).
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defensive chemicals when encountering invaders. Tr. at 799. These cytokines may be
either pro- or anti-inflammatory. Tr. at 2243. Microglia also emit reactive oxygen
species, which can cause oxidative stress. Tr. at 799. These substances may damage
any cell in the vicinity, not simply the invader. Tr. at 799-800.

Microglia also work to repair damage to other cells, such as neurons. Tr. at
2242; Pardo, PML 72, at 489. Microglial activation can be beneficial, as a response to a
disease process, dysfunction, or injury, rather than its cause. Tr. at 2851; Pardo, PML
72, at 489.

F. Developmental Abnormalities and Dysmorphology.
1. Overview.

Physical findings, such as co-occurring minor physical abnormalities and
increased head circumference and brain volume in some children with ASDs have
provided clues to the processes by which ASD originates. Minor abnormalities, such as
extra teeth, occur with greater frequency in a number of disorders, including
schizophrenia, ADHD, and ASD, than in the general population. The nature of these
disorders suggests a prenatal trigger for both the physical abnormality and the
developmental disorder. Tr. at 3269-70. Increased head circumference and brain
volume in many children with ASD during certain periods of development after birth
provide another clue to the origin of ASD symptoms. Tr. at 2389.

This subpart discusses some specific developmental abnormalities that occur
with greater frequency in children with ASDs, and when those abnormalities occurred.
It also discusses the phenomenon of head and brain overgrowth, which suggests a
problem with the brain forming too many connections or failing to prune unneeded ones,
which may cause both the brain overgrowth and some of autism’s symptoms. The
Courchesne 2005%" literature survey contains a lengthy discussion of studies of brain
overgrowth in ASD and its possible connections to ASD symptoms.

2. Dysmorphology, Head Circumference, and Neuropeptide Findings.
a. Dysmorpology.

Doctor Rodier provided most of the testimony and other evidence concerning
dysmorphology in ASD. Many children with autism have craniofacial dysmorphologies,

27 See E. Courchesne, et al., Autism at the beginning: Microstructural and growth abnormalities
underlying the cognitive and behavioral phenotype of autism, DEV. & PSYCHOPATH. 17: 577-97 (2005)
[“Courchesne 20057], filed as PML 104.
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including ear abnormalities and wide-set eyes,**® at a rate exceeding that of the general

population.?®® Tr. at 3028-29. She used the ear abnormalities to illustrate the probable
timing for ASD’s origins.

During gestation, ears form low on the neck of human embryos, and as the
embryo ages, the ears migrate and twist to an upright position near the eyes. Tr. at
3029. In many children with autism, a typical ear malposition is found, with the ears
lower than the eyes and rotated posteriorly. Because the ears are in place at around
the 12" week of gestation, low-set, posteriorly rotated ears are evidence of an insult to
development that occurred early in the prenatal period.?’® Tr. at 3029-30. Doctor
Rodier could not opine on whether the ear malpositioning was the result of a genetic
defect or a prenatally-occurring environmental factor, but she concluded that the co-
occurrence of this dysmorphology and autism suggested a common cause early in
gestation. Tr. at 3049-50.

b. Head Circumference and Brain Overgrowth.

The brain grows in size between birth and three years of age, when the head is
close to adult size. Tr. at 2402. Brain development continues until at least 24 years of
age. Tr. at 2402. However, the brains of children with ASD and children with Rett’s
disorder enlarge at times when typically developing brains do not, suggesting that there
is an ongoing elaboration of neural interconnections. Tr. at 2403.

Head circumference increases are not diagnostic indicators for autism, but they
are distinctive findings that set ASD apart from other neurodevelopmental disorders. Tr.
at 3331. This differs from the more consistent reports of microcephaly seen in Rett’s
disorder and many cases of intellectual disability. Tr. at 3331-32. Virtually all of the
studies of head circumference have found increased head size in cohorts of children
with ASD as compared to typically developing children, although the studies vary on
when in the first two years of development the increased head circumference manifests.

208 Although she did not discuss any studies on eye position abnormalities, Dr. Rodier testified that
more children with autism have eyes that are too far apart than the neurotypical population. Tr. at 3030.
She provided pictures of two boys with ASD and wide-set eyes. Both boys were exposed in utero to
valproic acid, an environmental cause of autism. Tr. at 3030-31.

209 Based on her own work, Dr. Rodier testified that about 50% of autistic children have some
dysmorphology and that her estimate was similar to that of another investigator. Tr. at 3052.

219 One of her papers recounted a group of children in Nova Scotia with autism, 42% of whom had
the ear rotation dysmorphology, versus 18% of the control children. Tr. at 3048-49. P. Rodier, et al.,
Minor Malformations and Physical Measurements in Autism: Data from Nova Scotia, TERATOL. 55: 319-25
(1997), filed as RML 401.
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Some studies have shown a smaller head size at birth;?"" others have found no
differences in birth head size from typically developing children.?> Tr. at 2836-37.

Doctor Kemper discussed several of these head circumference and brain volume
studies.?™ Tr. at 2835-38. Although the studies were not entirely consistent concerning
the precise time frame in which the growth occurs,?* increased head circumference in
those subsequently diagnosed with ASD is a common finding. Tr. at 2870-72. Nearly
all the studies found that the increase in head circumference occurs before a diagnosis
of ASD can reliably be made. See, e.g., Dawson 2007, RML 108, at 463.

c. Neuropeptide Testing.

2" E. Courchesne, et al., Evidence of Brain Overgrowth in the First Year of Life in Autism, JAMA
290(3): 337-44 (2003) [“Courchesne 2003"], filed as RML 94. This study found that head circumference at
birth was slightly lower than average.

%12 See, e.g., K. Hobbs, et al., A Retrospective Fetal Ultrasound Study of Brain Size in Autism,
BIOL. PSYCHIATRY 62: 1048-55, 1053 (2007), filed as RML 239 (finding mean fetal brain size at mid-
gestation to be normal in individuals later diagnosed with autism, but an increased discrepancy between
standardized biparietal diameter and head circumference, suggesting a subtle imbalance in brain growth,
with brain width increased relative to brain growth as a whole). See also S. Webb, et al., Rate of Head
Circumference Growth as a Function of Autism Diagnosis and History of Autistic Regression, J. CHILD
NEUROL. 22(10): 1182-90, 1187 (2007) [“Webb”], filed as RML 506 (finding no significant difference in
head size at birth).

213 See E. Redcay and E. Courchesne, When is the Brain Enlarged in Autism? A Meta-Analysis of
All Brain Size Reports, BIOL. PSYCHIAT. 58: 1-9 (2005) [“Redcay and Courchesne’], filed as RML 391;
Courchesne 2003, RML 94; Y. Dementieva, et al., Accelerated Head Growth in Early Development of
Individuals With Autism, PED. NEUROL. 32(2):102-08 (2005)[“Dementieva’], filed as RML 116; J. Lainhart,
et al., Head Circumference and Height in Autism: A Study by the Collaborative Program of Excellence in
Austim, AM. J. MED. GENET. PART A 140A: 2257-74 (2006) [“Lainhart 2006"], filed as RML 289. | note that
Dr. Rodier was a co-author of this study.

The Redcay and Courchesne meta-analysis, RML 391, demonstrated that, in the year after birth,
there was a dramatic increase in brain growth in children with ASD, followed by a period when brain
growth slowed. By adolescence, brain size in autistics was about the same as that of controls. Tr. at
2836. The Courchesne 2003 study, RML 94, showed that infants later diagnosed with autism had a
steady increase in brain growth over the first five months of life, and by six to 14 months, had a significant
increase in head growth. Tr. at 2837. The Dementieva study showed a remarkable level of head growth
in autistic children from birth to one month of age. Tr. at 2837. The Lainhart 2006 study indicated that
head circumference relative to height tended to be larger in individuals with autism, and increased head
circumference was associated with more severe social algorithm scores on the ADI-R. Tr. at 2838; RML
289 at 2257.

214 See H. Hazlett, et al., Magnetic Resonance Imaging and Head Circumference Study of Brain
Size in Autism, ARCH. GEN. PSYCHIAT. 62: 1366-76, 1371 (2005) [*Hazlett"], filed as RML 230 (finding
normal head circumference at birth, with a significantly increased rate of growth beginning at 12 months);
Dawson 2007, RML 108, at 461 (head circumference in children with ASD was nearly one standard
deviation larger than national norms by one year of age).
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The Nelson study, RML 353,2" found neuropeptide abnormalities in umbilical
cord blood of children who were subsequently diagnosed with autism, finding no
differences in children diagnosed as having experienced early onset or regression.
Nelson, RML 353, at 302. Doctor Fombonne commented that the similarity of the
findings suggested biological similarity in children with and without regression.?’® Res.
Ex. E,  62.

3. Discussion.

Although not by any means dispositive of the question of autism’s origins, the
dysmorphology findings suggest a time frame in common with the early gestational
origin of the dysmorphology. Doctor Rodier conceded that co-occurring conditions
could have separate causes, with an event early in gestation causing the malpositioning
and a later event causing the autism, but she indicated that a scientist would not
propose a second event without evidence that it occurred. Tr. at 3050.

Larger head circumference measurements and brain volume increases after birth
in children with autism do not conflict with a prenatal origin for ASD. As Dr. Rust
testified, at each phase of brain development, genetic signals turn on processes that
result in elaboration, development, and elimination of brain structures. Tr. at 2403. This
may involve the over-elaboration of connections, which results in the forming of too
many connections between brain cells and neurons that are too densely packed. Tr. at
2412. This may account for the increase in head circumference and brain volume seen
in ASD. Tr. at 2403.

Doctor Rutter concurred, noting that there is an overgrowth of neurons and
neuronal connections between birth and age two and a similar period of growth in
adolescence in neurotypical individuals. Along with the growth, there is a pruning of
connections that are not working or are no longer necessary. Tr. at 3334. The increase
in head size seen in ASD may be due to excessive overgrowth or a failure to prune
connections. Tr. at 3335. Environmental insults between birth and age two could affect
the pruning or overgrowth, but there is no evidence that indicates this is likely. Tr. at
3335.

215 K. Nelson, Toward a biology of autism: possible role of certain neuropeptides and
neurotrophins, CLIN. NEUROSCI. RES. 1: 300-06 (2001) [“Nelson”], filed as RML 353.

218 Although only 69 children with autism were studied, the values of two or more of the

neuropeptides measured were higher in 97% percent of the children with autism than in any of the 54
control children, a remarkably consistent finding. Nelson, RML 353, at Table 1.
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G. Pathophysiology in the Brains and Cerebrospinal Fluid [“CSF”] of ASD Patients.
1. Overview.

Much of what is known about the origins of autism and how the brains of those
with the disorder differ from those of neurotypical individuals comes from autopsy
studies®'’” performed on a relatively small number of brains.?'® Several such studies
were filed on the master lists of scientific and technical journal articles, but two of the
researchers involved in these studies also testified as respondent’s experts, Drs. Rodier
and Kemper. Doctor Kemper and his research partner, Dr. Margaret Bauman,
published their first paper on the neuropathology of autism in 1985. The prevailing view
at that time was that autism was caused by poor parenting or some environmental
factor. The autopsy studies found structural differences in the brains, establishing a
biological basis for ASD. Tr. at 2798. The origin of many of the differences found could
be dated to early in the first trimester of pregnancy. See Tr. at 2833.

The findings were relatively consistent among the various studies and research
facilities. Although not all brains studied had all of the features that, as a group,
distinguished the brains of those with autism from those of neurotypical individuals,
there was consistency in the areas in which changes were observed and in the types of
changes found. Almost all of the brains exhibited some of the pathological changes
found in most autistic brains. Tr. at 2799-2800, 2803, 3056. This consistency extended
across the age range of the brains examined. Tr. at 2800.

Several caveats should be noted, in addition to the small numbers of brains upon
which these findings are based. First, none of the brains autopsied were from children
under the age of three, and thus the neuropathological changes noted may not reflect
findings present at the time autism’s symptoms first manifested. See Tr. at 2800.
Second, some of the changes observed in only one or two brains may have been the
result of something other than ASD that mimics ASD’s symptoms. Third, particularly
with regard to the Vargas study,?’® PML 69, some of the findings may, as the authors

21" The autopsy studies are important because they can look at brains with a level of detail not
achievable in functional MRI scans and PET scans of living brains. Tr. at 2866.

218 By Dr. Kemper’s account, a total of 23 brains have been studied. Tr. at 2864. Doctor Rodier
concurred. Tr. at 3037-38.

219D, Vargas, et al., Neuroglial Activation and Neuroinflammation in the Brains of Patients with
Autism, ANN. NEUROL. 57: 67-81 (2005) [“Vargas™], filed as PML 69. The Vargas study examined brain
tissue and CSF from autistic patients, looking for neuroglial and inflammatory reactions and for cytokine
expression. PML 69 at abstract. Brain tissue from 11 patients was examined for cellular and inflammatory
reactions. Additionally, cytokine profiling was performed on fresh frozen brain tissue from seven deceased
patients and on CSF from six living patients. All of the living patients had experienced developmental
regression. /d. at abstract. The brain samples were compared to controls, none of whom had epilepsy or
mental retardation. /d. at 68, Table 1. The CSF samples of the ASD patients were compared to control
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noted, reflect either a response to earlier injury, an on-going pathological process, or
both. PML 69 at 78.

The findings from the Bailey 1998?*° and Hutsler®®' studies, as well as those
performed by Drs. Kemper and Rodier personally, discussed below, were not generally
contested. The petitioners relied primarily on two studies, the Vargas study, PML 69,
and the Lopez-Hurtado study, PML 446.%> Respondent also relied on the Vargas study,
with the primary area of disagreement being the interpretations placed on the findings.
In this regard, a later paper, Pardo, PML 72, co-authored by three of the Vargas study
researchers, provides some insights into interpretation of the Vargas findings.
Additionally, a letter from Dr. Pardo to Dr. Kemper, generated as a result of their
scientific discussions, was filed as Res. Ex. BB.?? The letter also helps explain what
the Vargas researchers found. See Tr. at 2848-49.

The only autopsy study that was seriously criticized was the Lopez-Hurtado
study. The criticisms ranged from the statistical methods used to confusion regarding
precisely what cells were counted.

2. Early Studies.
Doctors Kemper and Bauman began publishing autopsy studies of autistic brains

in 1985. See M. Bauman and T. Kemper, Histoanatomic observations of the brain in
early infantile autism, NEUROL. 35: 866-74 (1985), filed as PML 509. A summary of their

samples from much older patients who had no evidence of central nervous system inflammatory disorders
or pathological processes. /d. at 69 and Table 2.

220 pML 220. Doctor Rutter was one of the researchers on this study.

221 ). Hutsler, et al., Histological and Magnetic Resonance Imaging Assessment of Cortical
Layering and Thickness in Autism Spectrum Disorders, BIOL. PSYCHIATRY 61: 449-57 (2007) [“Hutsler”],
filed as RML 249.

22 E . Lopez-Hurtado and J. Prieto, A Microscopic Study of Language-Related Cortex in Autism,
AM. J. BIOCHEM. & BIOTECH. 4(2): 130-45 (2008) [“Lopez-Hurtado], filed as PML 446.

2 |n response to petitioners’ concerns about whether Dr. Pardo’s letter (Res. Ex. BB) constituted
an expert report, respondent agreed to contact Dr. Pardo to determine if he would be available for cross-
examination about the content of the letter. Tr. at 3374. However, it appeared that petitioners wanted to
question him about other matters, rather than simply about the letter. See Tr. at 3374. In any event,
respondent eventually decided not to call Dr. Pardo. Tr. at 3375. As there is no explcit right of cross-
examination in Vaccine Act cases (see § 300aa-12(d)(2)(D)), the dispute over the admissibility of Dr.
Pardo’s letter is largely academic. Because he did not testify as a witness, | have not accorded the letter
the weight | would give to a testifying expert’s report, and have considered it primarily as evidence
clarifying matters contained in the Vargas study, PML 69, and the Pardo paper, PML 72.
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work appears in Chapter 7 of one of their books. See Bauman and Kemper 1994 ,%*
RML 38, at 124. Although later papers have described additional brain studies and
have reviewed the findings of other researchers in addition to their own (see, e.g., M.
Bauman and T. Kemper, Neuroanatomic observations of the brain in autism: a review
and future directions, INT'L. J. DEVL. NEUROSCIENCE 23: 183-87 (2005) [“Bauman and
Kemper 2005A"], filed as PML 306), the book chapter, RML 38, provides significant
detail about the first six brains studied and appears to be the source for a number of the
photographs used as slides during Dr. Kemper’s testimony.

3. Specific Neuroanatomical Changes in Brains of ASD Subjects.

The Pardo paper provided a concise summary of the most prominent
neuropathological changes in autism. The authors characterized them as
cytoarchitectural organizational abnormalities of the cerebral cortex, cerebellum, and
other subcortical structures, including: (1) densely packed small neurons; (2) loss and
atrophy of Purkinje cells, primarily in the neocerebellar cortex; (3) a curtailment of
normal development of neurons in the limbic system and changes in neuronal size and
number in the nucleus of the band of Broca, cerebellar nuclei, and inferior olive; and (4)
more numerous, smaller, and less compact minicolumnar structures in the frontal and
temporal regions of the brain. PML 72, at 486-87. Many of these relatively consistent
findings from the autopsy studies also indicated when in the development of the brain
the problems likely arose, based on when those brain structures were created or moved
into permanent place.?®

a. Densely Packed Small Neurons.

In both the Hutsler (RML 249)°%* and Bailey 1998 (PML 220)?*" studies, the

224 M. BAUMAN AND T. KEMPER, Neuroanatomic observations of the brain in autism, in THE
NEUROBIOLOGY OF AUTISM Ch. 7 (1% ed. 1994) [“Bauman and Kemper 1994"], filed as RML 38.

225 As the human brain forms, various structural changes take place. See Tr. at 2805; Res. Tr. Ex.
10, slide 4 (template of brain developmental events).

%6 The Hutsler study evaluated cortical layering and thickness in postmortem brains of eight
individuals with autism spectrum diagnoses and eight age- and sex-matched controls, using structural MRI
to assess cortical thickness in frontal, parietal, and temporal lobes. The researchers also used histological
sections to assess the pattern of cortical layering in the superior frontal gyrus, the superior parietal lobule,
and the middle temporal gyrus. Hutsler, RML 249, at 449. The Bailey 1998 and Hutsler studies found
very similar pathological changes. Tr. at 2804; see also Res. Tr. Ex. 10, slide 3 (tables comparing the
findings from the two studies).

227 The Bailey 1998 study involved the more severe cases of autism in the neuropathology studies,
examining brain tissue from six subjects with mental retardation and autism, matched with five controls.
Tr. at 2875; Bailey 1998, PML 220, at 889, 891. The investigators performed neuronal counts on sections
from the medial aspect of the superior frontal gyrus, the hippocampus, and the Purkinje layer of the
superior aspect of the cerebellar hemisphere. PML 220 at 892. The whole brains were also visually
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researchers found an increased number of neurons in the white matter.??® Tr. at 2827.
The neurons in the cerebral cortex are born between two zones, the subplate and Layer
| (the top layer of the cerebral cortex). Tr. at 2822-23; Res. Tr. Ex. 10, slide 14. The
subplate, which is very important for the establishment of cerebral cortical circuitry, is
present prenatally, but disappears shortly after birth; neurotypical adult brains have very
few neurons in Layer |. Tr. at 2823. Autistic brains display an abnormal settling or
distribution of neurons within the cerebral cortex. Tr. at 2824, 2828-29; Res. Tr. Ex. 10,
slides 15 and 17. These neurons should have disappeared shortly after birth. Tr. at
2828. The increased number of neurons in Layer | and in the white matter in autistic
brains represents, according to Dr. Kemper, a persistence of the embryonic zone. Tr. at
2829. These defects likely occurred at 16-20 weeks of gestation. Tr. at 2830-31; see
also Vargas, PML 69, at 79 (suggesting that their findings might represent a persistent
fetal pattern of development).

b. Loss of Purkinje Cells.

A decreased number of Purkinje cells is one of the most consistent
neuropathological findings in autism. Tr. at 2804, 2815. This consistency may be due
both to the prevalence of the loss in the samples studied®® and to the relative ease with
which Purkinje cells can be detected and counted.?® When Purkinje cells are lost early
in development, the comparable cohort of granule cells decreases.?®’ Tr. at 2814.

Based on a number of pathological clues, the decrease in the number of Purkinje

examined, with a number of abnormal findings grossly apparent. PML 220, Figures 2, 3, 8, 10. The study
sets forth the pathological findings in a series of tables, each focusing on a specific area of the brain. See
PML 220, Table 2 (cerebral cortex and underlying white matter), Table 3 (brainstem), and Table 4
(cerebellum).

28 The dark blue dots on the photograph at Res. Tr. Ex. 10, slide 17, are neurons. In the control
brain pictured on this slide, there are only occasional neurons in the white matter, but a much larger
number appear in the autistic brain. Tr. at 2827-28. The photographs also illustrate the lack of a
demarcation between the cortex and the white matter in the autistic brain. Tr. at 2828.

22 The Vargas study found evidence of Purkinje loss in every brain sampled, except one. PML 69
at 71. The Bailey 1998 study found a decreased number of Purkinje cells in five of the six brains studied.
See PML 220 at 898, Table 4. See also Bauman and Kemper 1994, RML 38, at 124 (noting a loss of
Purkinje cells in all six brains studied).

230 Unlike smaller neurons, which are numerous and scattered throughout tissue, the much larger
Purkinje cells form rows in the same layers of brain tissue. A series of photographs on Res. Tr. Ex. 10,
slide 9, of Purkinje cells in autistic and control brain sections demonstrates the loss. Compare Box B
(autistic brain) with Box C (control brain). Box B shows a profound loss of Purkinje cells and an attendant
loss of granule cells as illustrated by the light staining. Tr. at 2813-14.

231 The photograph on the right side of Res. Tr. Ex. 10, slide 9, shows a mild loss of Purkinje cells

with relative preservation of granule cells. Tr. at 2813. Box B on the same slide shows a profound loss of
Purkinje cells and an attendant loss of granule cells. Tr. at 2813-14.
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cells can be traced to a specific period of prenatal development. The inferior olive
projects climbing fibers to the Purkinje cells in the cerebellum, with one projection to
about 15 Purkinje cells. Tr. at 2816. A climbing fiber from the inferior olive surrounds
the Purkinje cell, creating a basket around it and the surrounding dendritic tree that
connects the brain stem to the Purkinje cell. Tr. at 2807, 2816-17, 3028; Res. Tr. Ex.
11, slide 12. Climbing fibers reach Purkinje cells at about 29-30 weeks of gestation.?*
If the Purkinje cells are lost after birth, the inferior olivary neurons are also lost. Tr. at
2817-18. Because the brains of autistic individuals show a loss of Purkinje cells but no
loss of the inferior olivary neurons, the Purkinje cells were lost before the relationship
between them and the olivary neurons was established. Tr. at 2818-20, 3028.

Using GFAP staining,?® the Vargas researchers found marked reactivity of a type
of astroglia in areas of Purkinje cell loss. PML 69 at 71. Other immunochemical studies
and microscopic evaluations found “that microglia and astroglia reactions in the
cerebellum were both closely associated with degenerating Purkinje cells....” /d.
Purkinje cells displaying degenerative changes were strongly immunoreactive for an
anti-inflammatory cytokine, tumor growth factor [“TGF"]-1.%* Id. at 75. Increased
levels of the MCP-1 chemokine®® were found as well. The MCP-1 chemokine is
expressed in the cerebellum during prenatal development and may be associated with
the maturation of Purkinje cells. Id. at 79. The authors speculated that the neuroglia
reaction might indicate that the Purkinje cell damage continued beyond early
development, and might result from the vulnerability of Purkinje cells to whatever
pathogenic process caused the cells to be lost in the first place, or it might reflect
“persistent fetal patterns of brain development.” /d. at 79.

c. Other Neuronal Changes.

Arrested neuronal migration®*® in the inferior olive and arcuate nucleus in the

232 The development of the human cerebellar cortex from nine weeks of gestation through seven
months after birth is illustrated by a series of sketches on Res. Tr. Ex. 10, slide 11. Tr. at 2818-19. At 25
weeks of gestation, the climbing fibers are present, but they have not yet formed connections with the
Purkinje cells. Tr. at 2819. During the next five weeks of gestation, they envelop the Purkinje cells, and,
by birth, have done so densely. Tr. at 2819-20.

233 GFAP measurements were used to assess astroglial activation. Vargas, PML 69, at 69.

23 The term “transforming growth factor” is also used to refer to TGF-B1. See DORLAND’S at 1890.

235 Chemokines are small molecular weight cytokines. DORLAND’S at 344. In addition to their role
in inflammation, they help regulate the immune system, and they may play other roles in the central
nervous system. /d.

2% This migration pattern is illustrated by small arrows on the drawing on the right side of Res. Tr.

Ex. 10, slide 5. Tr. at 2808. The arrested migration is illustrated on Res. Tr. Ex. 10, slide 6. Tr. at 2808-
09.
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medulla were reported by both Dr. Kemper?®” and the Bailey 1998 study, PML 220. Tr.
at 2808-09. This migration occurs early in gestation. Tr. at 2807-08.

The neurons in the inferior olive do not normally line up in rows. In autistic
brains, the neurons show an abnormal layering or lined up appearance, reflecting a
problem in neuronal migration at up to 14-16 weeks of gestation.?®® Tr. at 2810-11.
This finding has been present in all the brains that Dr. Kemper has examined. Tr. at
2811.

There are distinct differences in the inferior olive itself in the brains of those with
autism, with autistic children having larger neurons. Tr. at 2820-21; Res. Tr. Ex. 10,
slide 12 (age-matched autistic and control brains of children). A different pattern
emerges in adult autistic brains, with large neurons absent and abnormal patterns of
layering of small neurons in the same region. Tr. at 2821; Res. Tr. Ex. 10, slide 13.
What happens to induce this change between age 13 and adulthood is unknown. Tr. at
2821. Doctor Kemper interpreted the finding as indicating abnormal circuitry in the
cerebellum. Tr. at 2821.

Changes that cannot be related to a specific period of brain development have
been found in the hippocampus, with densely packed neurons found in the brains of
autistic patients. Tr. at 2831-32; Res. Tr. Ex. 10, slides 19-20.

d. Minicolumnar Changes.

Pyramidal cells form into vertical structures called minicolumns which are highly
complex networks of neurons connected locally and at longer distances reaching
through several layers of the neocortex.”®® See Res. Ex. C, at 5. Minicolumns are
banded on both sides by the peripheral neurophil space, which contains few cells, but
many unmyelinated axon fibers, dendritic arborizations, and synapses. Dendrites from
pyramidal cells in Layer V ascend in bundles through or adjacent to the cell column.
The edges of the minicolumns contain vertical bundles of fibers containing GABAergic
interneurons that distinguish one minicolumn from its neighbors. Casanova 2002, RML
62, at 428.

237 See M. Bauman and T. Kemper, Structural Brain Anatomy in Autism: What is the Evidence? in
THE NEUROBIOLOGY OF AUTISM 121 (2d ed. 2005 )[“Bauman and Kemper 2005B"], filed as RML 39.

28 This is illustrated on Res. Tr. Ex. 10, slide 8.

239 |nformation regarding the minicolumnar studies was presented primarily in Dr. Casanova’s
expert report (Res. Ex. C) and his studies. The Casanova 2002 study, RML 62, described the general
design of minicolumns. It included several photographs and tables illustrating the differences between
autistic subjects and neurotypical controls in minicolumns in the cerebellar cortex. The study compared
the number of minicolumns, their width, and neuronal dispersion in the columns. Casanova 2002, RML
62, at 428.
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In the brains of ASD patients, minicolumns are narrower, smaller, and less
compact, with reductions in the neurophil space. Casanova, RML 62, at 430. The
neurons are present in equal numbers, but are more dispersed. /d. at 431, Fig. 3. The
total number of minicolumns is determined at about five to six weeks after conception,
before cells migrate from the cortex. Tr. at 2805.

4. The Vargas Study, the Pardo Paper, and the Lopez-Hurtado Study.

Because Drs. Deth and Kinsbourne relied heavily on the Vargas study, the Pardo
paper, and the Lopez-Hurtado study, these publications are discussed at somewhat
greater length.

a. The Vargas Study.

The brains of the autistic patients showed extensive microglial and astroglial
activation. The most prominent histological changes were found in the cerebellum, with
a patchy loss of neurons in the Purkinje cell layer and in the granular cell layer. Vargas,
PML 69, at 71. Staining for GFAP showed marked reactivity of astroglia in areas of
Purkinje cell loss, and marked astroglial activation in the granular cell layer and
cerebellar white matter. In the middle frontal gyrus and anterior cingulate gyrus,
prominent astroglia reactions were observed in the subcortical white matter.

In the fresh frozen brain tissue, there was increased GFAP expression in the
cerebellum. Microglial activation was measured and was observed in the granular cell
layer and white matter of the cerebellum. Vargas, PML 69, at 71.

There were no differences in microglial or astroglial activation based on age,
developmental regression, or retardation in the autistic patients. Vargas, PML 69, at 71.
Microglial activation in the cerebellar white matter was significantly elevated in patients
with a history of epilepsy, but no differences were observed in other regions. /d.
Astroglial activation was similar in autistic patients with and without epilepsy. /d.

There were consistently higher levels of certain cytokine subsets in the fresh
frozen tissue of the autistic brains. Anti-inflammatory tumor growth factor [*“TGF”"]-31
was increased in several areas, and proinflammatory chemokines were increased in
similar areas. Vargas, PML 69, at 73. The researchers determined that reactive
astrocytes were the main source of cytokines in the brains of the autistic patients. /d. at
74-75. Cerebrospinal fluid of patients with autism showed a significant increase in both
proinflammatory and modulatory cytokines. Id. at 75.

The authors concluded that the microglial and astroglial reactions were
neuorinflammatory reactions associated with the central nervous system’s innate
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immune response.?”® Vargas, PML 69, at 75. The neuroglial activation was consistent
with chronic and sustained neuroinflammation.?*' The microglial responses resembled
those seen in neurodegenerative disorders, including Alzheimer’s, Parkinson’s, and
ALS, and in those seen in HIV dementia. /d. at 77.

Both microglia and astroglia are essential for neuronal activity and synaptic
function, neuronal-glial interactions, and cortical organization during brain development.
Microglial and astroglial responses may both directly cause and protect against injury.
The significant question that remains unanswered by this study is when during
development the activation of neuroglial cells occurred. Vargas, PML 69, at 78. The
neuroglial reactions in the cerebellum were most prominent, a finding that is consistent
with previous observations of prenatal developmental abnormalities in the cerebellar
regions of autistic patients (abnormalities in the inferior olive and a reduced number of
Purkinje cells), but also indicating that the degenerative processes in the cerebellum
continue postnatally and beyond. [d. at 78-79.

The authors suggested that the cytokines and chemokines found in increased
amounts in autistic patients provided clues to the pathogenesis of autism. Vargas, PML
69, at 79. They linked increased levels of a proinflammatory chemokine (MCP-1) to
microglial activation and recruitment of macrophages to areas of neurodegeneration in
the cerebellum. The increased levels of TGF-B1 in the cortex and cerebellum suggest a
response to an injury, because this anti-inflammatory cytokine is involved in tissue
remodeling after an injury. It is also expressed during cell death, perhaps to suppress
local inflammation and prevent additional cell degeneration. TGF-B1 was found
primarily within reactive astrocytes and neurons in the cerebellum. The pro- and anti-
inflammatory cytokine profiles were markedly elevated in the anterior cingulate gyrus,
another area associated with dysfunctional brain activity in autism. /d. at 79.

Several of respondent’s withesses commented on the significance of the Vargas
study’s findings. Doctor Johnson noted that brain trauma results in inflammatory
responses, including massive microglial activation and gliosis associated with that
damage. Tr. at 2245. He also noted that activated microglia may have both positive
and negative aspects. Tr. at 2243. Doctor Kemper commented that a likely explanation
for the neuroinflammatory process found in the Vargas study is pathology that has its
origin in events that occurred prenatally, although postnatal insults are also possible.
Tr. at 2895. Doctor Rutter commented that the changes observed were interesting, but
their meaning was uncertain given the different roles for glial activation in the brain. Tr.

240 There was no evidence of any significant B or T cell reactions; no immunoglobulins were
deposited in any neuronal or neuroglial cells. Vargas, PML 69, at 72. Their absence indicates a lack of
adaptive immune response. See id. at 75.

241 Neuroinflammation reflects activation of microglia and astroglia and the chemicals they use to

communicate with one another to suppress negative effects in the brain. Tr. at 2243. It is a dynamic
system, and activated microglia may have both positive and negative aspects. Tr. at 2243.
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at 3336. The neuroinflammation does not show what changes are happening or when
they are happening. Tr. at 3337.

b. The Pardo Paper and Letter.

Three of the authors of the Vargas study also collaborated on a subsequent
article, Pardo, PML 72. This paper discussed the neurobiology of autism and the
Vargas’ study’s findings.

The authors noted that neuronal dysfunction and cortical organizational
abnormalities may lead to neuroglial activation. The activated neuroglial responses may
actually increase, rather than ameliorate, the magnitude of the neuronal dysfunction.
Pardo, PML 72, at 489, 490 (suggesting that the neuroglial activation may have a
dichotomous role in brain inflammatory responses). Although the authors suggested
that the activated microglia might be a response to genetic or environmental factors, all
of the possible environmental factors identified were ones that occur prenatally. /d. at
490; see also id. at 487-88 (discussing maternal antibodies affecting prenatal brain
development).

They concluded the paper by hypothesizing that environmental factors, including
neurotoxins, infections, and maternal infections, may, in the presence of genetic
susceptibility, play a role in the development of abnormalities in brain structure and in
the neuroinflammatory changes they observed. Id. at 493. However, Dr. Pardo’s letter
indicated that the effects found were not consistent with a toxic exposure. Res. Ex. BB
at 1; Tr. at 2903.

5. The Lopez-Hurtado Study.
a. Findings.

This was an autopsy study comparing three brain regions associated with
language and speech in individuals with autism to age-matched controls. PML 446 at
130. The findings differed remarkably from those of other autopsy studies. Unlike other
studies, the authors did not find evidence of altered neuronal migration in the areas
examined. PML 446 at 140. Also unlike other studies, the investigators reported “a
striking reduction in neuronal density in [specific brain areas] in autism relative to
controls.” PML 446 at 140. Neuronal density findings suggested that neuronal death
ensues as a result of aging, a phenomenon also seen in schizophrenia, bipolar disorder,
and major depressive disorder.?*> See PML 446 at 140-41. The investigators reported

42 Doctor Johnson noted that neurodegeneration and chronic astrocytic and microglial activation
leads to death, not autism. In autism, patients plateau, but in the chronic neuroinflammatory or
neurodegenerative diseases he studies, such as Alzheimer’s and Parkinson’s, the patients die. Tr. at
2255-56.
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a greater density of glial cells?*® in the autistic brains, but not in the granular layers.

They found a steep linear increase in glial cell density in the autistic subjects from ages
seven to ten, followed by a plateau through age 26. PML 446 at 140.

Two findings similar to those noted in Rett’s disorder were made, including
increased lipofuscin-containing®“ cells. PML 446 at 141. Since Rett’s is considered an
entirely genetic disorder, this suggests a response to neuronal maldevelopment, rather
than an environmental agent at work.

b. Doctor Kinsbourne’s Interpretations.

Doctor Kinsbourne testified that this study found a proliferation of microglia,** a
diminution in the density of the astrocytes,**° gliosis, and the loss of some neurons. He
noted that the older brains studied had more striking changes, suggesting an ongoing
process. Tr. at 807-08. This, according to both Dr. Kinsbourne and the authors, would
be compatible with the effect of a toxin on the brain, since metals such as lead, iron,
and mercury have been known to cause glial proliferation. Tr. at 810. However, the
authors noted that proliferation of glial cells also occurs in ischemia, trauma, toxins, and
neurodegenerative disorders. PML 446 at 140.

c. Doctor Kemper’s Criticisms.

Doctor Kemper had concerns about the Lopez-Hurtado study as well as
considerable difficulty in locating it.**" Tr. at 2854-55. He summarized the study’s
findings as a decreased number of neurons, an increased number of glial cells, and an
accelerated accumulation of lipofuscin. Tr. at 2856.

However, there was no assurance in the paper that the authors were careful in

243 Doctor Kemper commented on the use of the term “glial” as opposed to “microglial.” As used,
the term could refer to both astroglia and microglia. Tr. at 2857-58.

244 The authors described lipofuscin as material originating from phagocytosed cellular
components that had been engulfed by microglia acting as phagocytes. Lipofuscin is “composed primarily
of oxidatively-modified proteins and lipids.” They noted that lipofuscin is a “depot for metals, including
redox-active and heavy metals.” They indicated that higher levels of lipofuscin may be considered as a
marker for increased oxidative activity. PML 446 at 141 (footnotes omitted).

245 The authors used the term “glia” rather than “microglia,” making Dr. Kinsbourne’s assertion
incorrect. See PML 446 at abstract.

46 This interpretation by Dr. Kinsbourne was incorrect. The study did not report changes in the
density of astrocytes, but did report morphologic changes in astrocytes. PML 446 at 140.

247 Doctor Kemper testified that he was unfamiliar with the journal in which the Lopez-Hurtado

article appeared, and that the Harvard Medical School Library, the second largest in the nation, did not
carry it. Tr. at 2854-55.
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identifying the areas they intended to examine; the paper did not contain a proper
cytoarchitectonic definition of the areas examined, and thus the findings regarding cell
types and density are unclear. Tr. at 2856-57. Additionally, the lipofuscin pigment
varies from area to area, and if the researchers did not look in the right area, their
findings could be incorrect. Tr. at 2857. He commented that the method of cell
counting employed in the study would not be accepted in a critically-refereed journal.
Tr. at 2857.

The study did not mention microglia, in spite of using standard stains for neuron
densities and GFAP, a stain specific for astrocytes. The way the term “glia” was used in
the study may encompass astrocytes. Tr. at 2857-58. Thus, its findings cannot be
equated to the microglial activation reported in the Vargas study. Tr. at 2858. A report
of increased astrocytic density would not be compatible with astrocyte death. Tr. at
2858.

Doctor Kemper also commented that the authors had a very interesting idea, one
he would like to have seen investigated by proper technique, but a reputable journal
would not have accepted the paper, as written. Tr. at 2858. He would not rely on its
findings for information about the neuropathological basis of autism. Tr. at 2859.

d. Doctor Johnson’s Criticisms.?*®

Doctor Johnson noted that the Lopez-Hurtado paper, PML 446, had a significant
methodological flaw. Tr. at 4317-18. The paper used statistical analysis and computed
standard deviations to compare cell counts from brain samples within the same brain.?**
It is improper to compute a standard deviation based on one sample. Tr. at 4318-19.
An examination of Table 1 in the Lopez-Hurtado paper, PML 446, at 133, reveals that
the authors did precisely what Dr. Johnson indicated was improper. Thus, the statistical
inferences are invalid. Tr. at 4319.

Furthermore, Dr. Johnson testified that the appropriate way to analyze the data
would be to compare the rate of change with age in cell numbers for glia, neuronal cells,
and the lipofuscin-containing cells. When he analyzed the data, he noted that the rate
of change in the control patients and in the autistic patients was almost exactly the
same. Tr. at 4319. In the older autistic patients, the number of glial cells increased; the
same increase was seen in the control patients as a function of the age of the donor.
The significant difference was not in the age-related changes, but in the baseline cell

248 Initially, when Dr. Johnson was cross-examined about the Lopez-Hurtado study, PML 446, he
declined to comment on it, as he had not read it. Tr. at 2249-50. Between his cross-examination and his
recall as a witness in the rebuttal case, Dr. Johnson had an opportunity to examine the paper and evaluate
the data contained in it, and in rebuttal, he proffered a number of criticisms.

249 The study counted the number of neurons in brain sections of an individual and computed an
average number. The standard deviation computed is therefore based on counting errors. Tr. at 4318-19.
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counts. Although the starting points were different, the lines representing the increasing
number of glial cells created from the data in the autistic and control samples were
“basically exactly parallel.” Tr. at 4320. As the youngest samples were from children
aged seven, the cell counts revealed little about the genesis of the initial differences.
See Tr. at 4320.

6. Implications of Neuroanatomical Abnormalities in ASD.

In summary, most of the structural changes observed in the brains of autistics
most likely occurred prenatally.?®® The prenatal origin of the structural changes
observed buttresses the conclusions drawn from the testimony about dysmorphology in
ASD, and in the neuropeptide findings. What goes awry in ASD most likely does so
early in gestation, producing abnormalities in all three major sections of the brain. The
Vargas study indicates that brain systems that may respond to or be causal of injury are
more active in the brains of those with ASD, reflecting an ongoing process. Whether
the microglial and astroglial activation observed are the result of, or even consistent
with, administration of mercury via TCVs was not addressed by the study, or even
suggested by three of the Vargas study’s authors in the Pardo paper. Petitioners’
evidence that TCVs could be responsible is addressed in Sections VI, VII, and VIII
below.

H. Regressive Autism as a Separate Phenotype with a Distinct Etiology.
1. Overview.

The only evidence suggesting that regressive autism (or clearly regressive
autism) is biologically and causally different from classic or early onset autism was
provided by Drs. Kinsbourne and Greenland. In his testimony and expert report, Dr.
Kinsbourne advanced a number of arguments for a biological distinction between
regression and early onset autism, and asserted that regression was consistent with
environmental triggers. Doctor Greenland pointed to a few studies that he thought
pertinent for the existence of clearly regressive autism as a distinct biological entity, but
primarily argued that it was respondent’s burden to show that clearly regressive autism
was not distinct.

| conclude that the preponderance of the evidence demonstrates that regressive
autism is not a distinct phenotype, and overwhelmingly demonstrates that “clearly
regressive autism” is, at best, only a hypothetical construct, unsupported by any
credible evidence. | likewise conclude that opinions, such as Dr. Greenland’s, that are
based on the existence of this subtype lack the factual underpinnings to be considered
reliable evidence. Thus, | conclude that the impressive body of epidemiological

250 One finding relating to subplate neuronal migration could have occurred either before or shortly
after birth. Tr. at 2833.
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evidence that TCVs are not causally associated with ASD is relevant and should be
considered in determining whether TCVs do indeed cause or substantially contribute to
ASDs. That evidence is discussed in Section V, below.

Not surprisingly, respondent’s experts®*' had sharp disagreements with the
assertions of Drs. Kinsbourne and Greenland. Those assertions and the criticisms
thereof are set forth below.

With respect to Dr. Kinsbourne, respondent’s experts noted that some of his
assertions were made without any reference to supportive medical literature,?* were
based on “cherry-picked” data, and conflicted with the weight of scientific and medical
authority. Other aspects of Dr. Kinsbourne’s testimony made analysis of his assertions
difficult. For example, he declined to define regressive autism. Tr. at 846. In view of
the numerous definitions discussed, Dr. Kinsbourne’s reluctance to specify what he
considered to be regressive autism was troublesome. He could not state whether
regressive autism was considered a separate diagnostic category by either the DSM-IV-
TR or the ICD-10. Tr. at 847-49.

2. Doctor Kinsbourne’s Opinions.

Initially, Dr. Kinsbourne testified that, based on his experience, children with
cases of regression developed more severe forms of autism. Tr. at 780. Almost
immediately thereafter, he retreated from this position, testifying that there was no
difference in the pattern of disabilities or behaviors between regressive and non-
regressive autism. Tr. at 781. It was unclear whether this 