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Exposure to PFOA and PFOS

« Perfluoroalkyl acids (PFAS) including PFOA and PFOS T SR E O
— Extensive commercial/industrial use over last 50 years FF C KK Ko
PFOA
PFOA and PFOS Perfluorooctanoic Acid (PFOA)
— Use and emissions reduced in US and Europe
. . . F FF FF FF F
— Not metabolized; not expected to degrade in environment OSSN,
s . FFEFFF FF Fd O
— Slower human elimination rates SFos
 Half-lives 2-8 years in humans Perfluorooctane Sulfonate (PFOS)

 Half-lives days or weeks in other animals

Surveyyears | __PFOA | __PFOS___

1999-2000 5.21 (4.72-5.74)  30.4 (27.1-33.9)
2005-2006  3.92 (3.48-4.42) 17.1 (16.0-18.2)
2011-2012 2.08 (1.95-2.22)  6.31 (5.84-6.82)
2015-2016  1.56 (1.47-1.66)  4.72 (4.40-5.07)

Geometric mean serum concentrations [ug/L (95% CI)] US population




£ Why evaluate PFOA and PFOS immunotoxicity?

* Reports of potential PFOA /PFOS-associated changes in
multiple immune measures

— Experimental Animal Studies

/z% Immunosuppression (reduced antibody response)
ﬁ _, Hypersensitivity (increased IgE and airway hypersensitivity)
Autoimmunity: (no studies)

Reports in Humans

Immunosuppression (reduced antibody response to vaccines)

iz %) Autoimmunity (increased incidence of ulcerative colitis)
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National Toxicology Program (NTP)

Office of Health Assessment and Translation NTP Reports

- Conduct literature-based evaluations to NTP Monographs L
assess the evidence that environmental Yep—
exposures cause adverse health effects *

« Evaluation format depends on
purpose and extent of the evidence o

— Systematic evidence maps
— Systematic reviews

Workshops

®

« Communicated to public, government,
scientific and medical communities as

— Reports, Monographs, Journal articles
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Systematic Review and Evidence Integration

Systematic Review Systematic Review
A predefined, multistep process to identify, select, critically assess, and Planning and Protocol

synthesize data from published studies to answer a specific question )
8 8

Systematic Review Process \dentify vidence
* Develop specific research question and protocol 5’ 3

» Perform comprehensive literature search ‘2,’ N7

+ Select relevant studies and extract data Evaluate’Evidence
 Assess individual study quality (risk of bias) . ] §

Evidence Integration

A process for developing hazard conclusions by integrating evidence from
human and experimental animal studies with consideration of the degree
of support from mechanistic data

Conclusions




PFOA and PFOS systematic review

Objective

* To develop NTP hazard identification conclusions
on the association between exposure to PFOA or
PFOS and immunotoxicity

H '\ National Toxicology Program
US.Departmentof Health and Hunan Seices

» Conclusions reached separately —
fo r ea Ch C h e m I Ca I \mmunot(ﬁxfcity Associatec with Exposure to
Perfluorooctanoic Acid (PFOA) or Perfluorooctane

Sulfonate (PFOS)

aaaaaaaaaaa

nnnnnnnnn

https://ntp.niehs.nih.gov/qo/ 743926
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PFOA and PFOS systematic review

Identify evidence: Literature search and screening
Planning and Protocol

\ﬂ/ﬁrgg

ew

g References identified through rReferences identified through database /
i other sources searches % [ Identify Evidence ]
S (n=20) L (n=5,639) E ¥ 2
= s 8
=1 L =
[ i b |-
]
= ( _ [ Evaluate Evidence ]
References after duplicate removal T
Title-abstract screened for References excluded as not relevant to 3 %
relevance and eligibility PR CEmRIES D i JE g

= (n=3,197)
= \_
(]
g ¥
4 - Full-text references excluded
@ Full-text references assessed for relevance and eligibility (n= 389) ¢ Bxposure not relevant (n=49)

L 9 y * Qutcome not relevant (n=42)

* Other (n=150)
* Review/editorial (h=88)
* Pharmacokinetic data only (n=13)

— References included for data extraction (n=148) * Meeting abstract only (n=37)
@ * Grants (n=12)
E ¥ ¥
=
3]
=

[ Human studies ] [ Animal studies ] [ In vitro studies ]
(n=33) (n=93)* (n=27)*
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PFOA and PFOS systematic review

dentify evidence: Extract data from studies

* ldentifying Evidence

# Extract data into web-based project pages

HEALTH ASSESSMENT
WORKSPAGE GOLLABORATIVE

IgM antibody titer (SRE
Endpoint Details

Endpoint name IgM antibody titer (SRBC)

System immune and lymphatic system

Effect antibody (B cell) mediated immunity: fun
Diagnostic ELISA

description

Observation time 15 days

Additional tags antibody response

immune system

Data reported?
Data extracted?

Values estimated?

Home / PFOA/PFOS Exposure and Immunotoxicity (2015) / DeWi

ECTED ASSESSMENT X

PFOA/PFOS Exposure and
Immunotoxicity (2015)
AVAILABLE MODULES
Literature Review

Study List

Endpoint List
Visualizations

DOWNLOADS

Download datasets

Bibliographic Details

Systematic Review

Planning and Protocol

=

,DeWitt 2009

study type

Full citation

Abstract

Reference hyperlink

Ol reported
Funding source
Study identifier
Author contacted?

Author contact details

Summary andior extraction
comments

Animal Bioassay

DeWitt JC. Copeland CB, and Luebke RW. 2009. Suppression of humoral immunity by
perfluorooctanoic acid is independent of elevated serum corticosterone concentration in mice.
Toxicol Sci 109(1): 106-112.

The T-cell-dependent antibody response is suppressed in mice exposed to 375, 7.5, 15, and
30 mg PFOA (perfluorooctanoic acid)/kg body weight (bw). Reduced bw accompanied
immunosuppression at 15 and 30 mg/kg. We investigated the hypothesis that the observed
Immunosuppression Is secondary to elevated serum corticosterone levels by assessing immune:
function in adrenalectomized (adx) or sham-operated C57BL/6N female mice exposed to 0, 7.5
o 15 mg PFOA/Kg bw in drinking water for 10 days. Bw, primary antibody responses toa T-
dependent antigen, clinical serum chemistries related to liver health, and serum corticosterone
levels were evaluated. Exposure to 15 mg/kg decreased bw by approximately 10% after 8 days
of dosing and until 2 days postdosing in both adx and sham animals; bw of adx animals were
sill reduced 5 days postdosing. Igh antibody titers were statistically reuced by 15% in sham
animals and 18% in adx animals exposed to 15 mg/kg and by 11.8% in adx animals exposed to
7.5 mg/kg. Corticosterone concentrations were elevated by 157% in dosed sham animals
relative to control animals and were reduced by 27% in dosed adx animals refative to control
animals (neither changes were statistically significant). Clinical serum chemistries related to liver
health were not statistically altered by either dose or adrenalectomy. The failure of
adrenalectomy to protect mice from the immunosuppressive effects of PFOA indicates that
suppression of antibody synthesis is not the result of liver toxicity or stress-related
corticosterone production

« PubMed

Not reported

University of North Carolina, U.S. EPA Cooperative Training Agreement (CT829472)
{DeWitt, 2009 #342}

@

Authors provided additional details in response to emailin April — May 2015 for risk of bias
clarification

Data available:

body weight: alkaline phosphatase (ALP): alanine aminotransferase (ALT): aspartate
aminotransferase (AST); sorbitol dehydrogenase (SDH): blood urea nitragen (BUN): creatinine
gamma-glutamyl transpeptidas]

Location in Figure 3
literature
NOEL 7.5 mg/kg-day ADD

LOEL 15 mg/kg-day ADD

[mmunity by
centration in mice.

375,7.5.15, and
companied

at the observed

y assessing immune
ce exposed 100, 7.5
esponsestoaT-
[erum corticosterone
ely 10% after 8 days
adx animals were

d by 15% in sham
animals exposed to
sham animals
refative to control
istries retated to liver
ilure of

A indicates that
related

r820472)

for risk of bias

aspartate
n (BUN): creatinine:

https://hawcproject.org/assessment/57



PFOA and PFOS systematic review

Evaluate evidence: Assess individual studies B
% Planning and Protocol

- Identifying Evidence | B A
# Extract data into web-based project pages v ([identify Evidence |

L IR
: Evaluatlng _EV_Id_ence ,%/ [ Evaluate Evidence ]

Assess individual | HBE
study quality Risk of Bias Assessment s I L

or risk of bias

’ +
Other Selection

HEALTH ASSESSMENT
WORKSPACE COLLABORATIVE

https://hawcproject.org/assessment/57
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PFOA and PFOS systematic review

Develop bodies of evidence

* Results grouped on the same or similar outcomes

* Main categories of immune response
— Immunosuppression
— Hypersensitivity-related effects
— Autoimmunity

* Focus on primary outcomes

— Direct health outcomes or endpoints considered to have
greater predictive value for overall immunotoxicity
* Immune-related diseases or disease resistance assays
* Measures of immune function

Systematic Review
% Planning and Protocol

% [ Identify Evidence ]

HIRE
@
5

% [ Evaluate Evidence |

=

e

k1
H
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PFOA and PFOS systematic review

Evidence integration: Rating confidence in the bodies of evidence

« Rating is a measure of how confident you are that findings from a group of studies reflect the true
relationship between exposure to a substance and effect

+ Confidence rating developed within a GRADE framework
Performed separately for human and animal
bodies of evidence on
outcome basis

Factors Increasing Confidence
* magnitude of effect
» dose response

Initial * consistency (e.g., species)
Confidence » residual confounding
* other

High (++++)

[ Experimental Animal

4-features 4 Features
=) |- Controlled Moderate (+++) Factors Decreasing Confidence
” , exposure 3 Features  unexplained inconsistency
Initial confidence , . .
- based on . Exposure prior Low (++) o r|Sk Of blaS
to outcome 2 Features e indi t / licabilit
e U  Individual indirectness/applicability
= | dual Very Low (+) - imprecision
oufcome cata 1= Features * publication bias
=) |* Comparison
group used

Grading of Recommendations, Assessment, Development and Evaluations (GRADE)
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Animal body of evidence

e Studies

— 7 experimental studies in mammals

— Consistent suppression of primary
antibody response (IgM) in mice

— Downgrade for risk of bias concerns

— Upgrade for evidence of dose
* High confidence

* High level of evidence

response

Example: PFOA antibody response data

Figure D6. Antigen-specific IgM antibody response in experimental animals - PFOA

Animal description Route Exposure Dose | © Control . @ % change to control @ Sig. =i +/- 95% CI|

ooooo C57BL/6J (2, N=8) oral gavage 10 days 0
30

ooooo C57BL/6J (2, N=8) oral gavage 15 days 0
30

X
$-----8-9-

ooooo C57BL/6n (¢, N=8) oral drinking water 15 days 0

3.75

75

15 o
%0 L

oral drinking water 15 days 0

°s

ooooo C57BL/6n (2, N=8)

0.94 k

K J
b 4

1.88

.5 | dose ‘o
e response o

oral drinking water 10 days 0

-
[ ]
=

ooooo C57BL/6n (2, N=6)

¢

3.75

T
[ ]
1

75

@
15 o

oral drinking water 10 days 0

@___

ooooo C57BL/6n (7, N=

z
L]

3.75

T T
[ N )
=1

75
15 1
0.94
1.88
3.75

118

7.5
ooooo C57BI/6-Tac (2, N=6)

oral drinking water 15 days 0

© Control

@ °% change relative to control 75

@ Significantly different

75
3 o

oral drinking water 15 days 0

-00--gd----20--

30




Human body of evidence

e Studies

— 4 prospective and
2 cross-sectional studies

— Suppression in one or more
measure of anti-vaccine
antibody response associated
with prenatal, childhood,
and adult exposures

— No upgrades or downgrades for factors that may influence confidence

« Moderate confidence

« Moderate level of evidence

Gy Example: PFOA antibody response data

Subset of Figure D3. Antibody response in children relative to PFOA levels in children

Study Population Name Outcome Outcome Age N
Grandjean 2012  Children of Faroe Islands ~ anti-vaccine antibody 7 years 403
National Hospital birth levels: diphtheria (age 7
cohort (1997-2000) adjusted for age 5 results)
anti-vaccine antibody 7 years 401

levels: tetanus (age 7
adjusted for age 5 results)

Stein 2015 Children 12-19 years of  anti-vaccine antibody 12-19 years
age from US in NHANES  levels: measles
(seropositive)

anti-vaccine antibody 12-19 years
levels; mumps
(seropositive)

anti-vaccine antibody 12-19 years
levels: rubella
(seropositive)

1,152

1,101

1,148

Serum PFOA Association with Antibody Response
== 95% CI O Estimate @ Significant

——

|
|
|
|
'I
|
|
|
|
|||I

-4

5 40 35 30 25 20 45 40 5 0 5 10 15
% Difference Antibody Concentration per 2-Fold Increase PFOA

@* Significantly different

Anti-vaccine antibodies

B diphtheria
V¥ measles
. mumps
A rubella

O tetanus




) PFOA and PFOS systematic review

Evidence integration: Combine evidence streams to develop conclusions

* |nitial Hazard Conclusion
Consider human and animal
evidence together

High

other relevant

data may provide
. . strong 2upport
* Final Hazard Conclusion oy
Consider impact of mechanistic moderate (R “Presumed”

data and biological plausibility
for the effect

other relevant
data may provide
strong support to
decrease hazard 1D

— Strong support to increase

Low or K “Not classifiable™ “Suspected” “Presumed”

Inadequate

— Strong opposition to decrease

Level of Evidence for Health Effects in Human Studies

Low or Inadeguate Moderate High
Level of Evidence for Health Effects in Non-Human Animal Studies
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Evidence integration: develop hazard conclusions

High
g Known

Human Evidence

Low| ( Not classifiable Suspected Prepurped

Inadequate

1) Initial Hazard Conclusion
* Presumed

Low Inadequate Moderate High

Level of Evidence for Health [Effe¢ts in Human Studies

Level of Evidence for Health Effects in Animal Studies

2) Consider Biological Plausibility Animal

 Are there data showing PFOA-associated disruption of early events in the process
leading to the antibody response?

« Were changes at same or lower concentrations as the observed effect?
+ Examples: Key cell populations, cell signaling, activation




Evidence integration: develop hazard conclusions

High ( | Known | )

Human Evidence

Suppression of the
antibody response

Inadeqt::; CNot classifiable) C Suspected ) ( Preﬂrl\ed )

Low Inadequate Moderate High

« Similar bodies of evidence for
PFOA and PFOS

Level of Evidence for Health [Effe¢ts in Human Studies

Level of Evidence for Health Effects in Animal Studies

* Most epidemiological studies Animal

examined both

FINAL CONCLUSION: Presumed to be an immune hazard to humans
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Hypersensitivity-related outcomes

Human body of evidence
» Studies

— 6 prospective cohort studies [birth to age 9] (mostly no effect or decrease endpoints
such as asthma, wheeze, eczema, Immunoglobulin E [IgE], or total allergic disease)

— 5 cross-sectional or case-control studies in children [age 10 to 19]
« PFOA - increased asthma, total IgE, rhinitis
* PFOS - Inconsistent results (increased or decreased) asthma, wheeze, IgE

- PFOA Hypersensitivity
— Low confidence / low level of evidence  PFOA: Low level of evidence
. . from human studies and
Animal bOdy of evidence Moderate level of evidence from
- PFOA animal studies

* PFOS: Inadequate evidence to
support conclusions; inconsistent
human animal results

— 2 mice studies; increased airway hypersensitivity
— Moderate confidence and level of evidence




Autoimmunity-related outcomes

I

il

|
lin

Human body of evidence

e Studies

— Two studies from the same population in Ohio valley (C8 study) reported PFOA-
associated increases in ulcerative colitis an autoimmune disease in the colon/rectum

— Mixed results for rheumatoid arthritis and no evidence for other autoimmune diseases
* Frist analysis: workers + residents; Second analysis: workers only (Steenland 2013, 2015)

* Low confidence
— No data on other populations, potential co-exposures to workers

* Low level of evidence
Autoimmunity

Animal body of evidence - PFOA: Low level of evidence from

human studies; No animal studies
* PFOS: No studies

* No studies




Conclusions

PFOA

* Is presumed to be an immune hazard to humans based on
— high level of evidence that PFOA suppressed the antibody response from animal studies
— and a moderate level of evidence from studies in humans

» Supported by additional but weaker evidence, primarily from
epidemiological studies that PFOA

— increased hypersensitivity-related outcomes
— increased autoimmune disease incidence
— and reduced infectious disease resistance

» Evidence that multiple aspects of the immune system
supports the overall conclusion that PFOA alters
immune function in humans

September 2016

https://ntp.niehs.nih.gov/go/ 743926



g_é_; Conclusions

* Is presumed to be an immune hazard to humans based on
— high level of evidence that PFOS suppressed the antibody response from animal studies
— and a moderate level of evidence from studies in humans

» Supported by additional but weaker evidence, primarily from
experimental animal studies that PFOS

— suppressed disease resistance, and
suppressed natural killer (NK) cell activity

» Evidence that multiple aspects of the immune system
supports the overall conclusion that PFOS alters
immune function in humans

https://ntp.niehs.nih.gov/go/ 743926



Thank you

Questions?
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