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• Perfluoroalkyl acids (PFAS) including PFOA and PFOS
– Extensive commercial/industrial use over last 50 years

• PFOA and PFOS
– Use and emissions reduced in US and Europe
– Not metabolized; not expected to degrade in environment 
– Slower human elimination rates

• Half-lives 2-8 years in humans
• Half-lives days or weeks in other animals

Exposure to PFOA and PFOS

Perfluorooctanoic Acid (PFOA)

Perfluorooctane Sulfonate (PFOS)

Survey years 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 [μg/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

• Immunosuppression (reduced antibody response)

• Hypersensitivity (increased IgE and airway hypersensitivity)

?? Autoimmunity: (no studies)

– Reports in Humans
• Immunosuppression (reduced antibody response to vaccines)

• Hypersensitivity (increased incidence of asthma in children)

• Autoimmunity (increased incidence of ulcerative colitis)



• Conduct literature-based evaluations to 
assess the evidence that environmental 
exposures cause adverse health effects 

• Evaluation format depends on 
purpose and extent of the evidence
– Systematic evidence maps
– Systematic reviews 

• Communicated to public, government, 
scientific and medical communities as 
– Reports, Monographs, Journal articles

Office of Health Assessment and Translation

National Toxicology Program (NTP)

NTP Monographs

Workshops

NTP Reports



Systematic Review
A predefined, multistep process to identify, select, critically assess, and 
synthesize data from published studies to answer a specific question

Systematic Review Process
• Develop specific research question and protocol
• Perform comprehensive literature search
• Select relevant studies and extract data 
• 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

Systematic Review and Evidence Integration
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• To develop NTP hazard identification conclusions 
on the association between exposure to PFOA or 
PFOS and immunotoxicity

• Conclusions reached separately 
for each chemical

Objective

PFOA and PFOS systematic review

https://ntp.niehs.nih.gov/go/749926



Identify evidence: Literature search and screening

PFOA and PFOS systematic review



• Identifying Evidence
– Extract data into web-based project pages 

Identify evidence: Extract data from studies

PFOA and PFOS systematic review

Bibliographic Details

Study Results

Bibliographic Details

https://hawcproject.org/assessment/57



• Identifying Evidence
– Extract data into web-based project pages 

• Evaluating Evidence
– Assess individual 

study quality  
or risk of bias

Evaluate evidence: Assess individual studies

PFOA and PFOS systematic review

Risk of Bias Assessment

https://hawcproject.org/assessment/57



• 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 

Develop bodies of evidence

PFOA and PFOS systematic review



Factors Decreasing Confidence
• unexplained inconsistency
• risk of bias
• indirectness/applicability
• imprecision
• publication bias

Factors Increasing Confidence
• magnitude of effect
• dose response
• consistency (e.g., species)
• residual confounding
• other

• 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

Evidence integration: Rating confidence in the bodies of evidence

PFOA and PFOS systematic review

Moderate (+++) 
3 Features

Low (++)
2 Features

Very Low (+)
1≤ Features

High (++++)
4 Features

Initial 
Confidence

• Controlled 
exposure

• Exposure prior 
to outcome

• Individual 
outcome data

• Comparison 
group used

Experimental Animal
4-features

Grading of Recommendations, Assessment, Development and Evaluations (GRADE)

Initial confidence 
set based on 
4-features



• 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 response

• High confidence

• High level of evidence

Animal body of evidence

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

Significantly different

Control

% change relative to control

dose 
response



• 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

Human body of evidence

Example: PFOA antibody response data

Anti-vaccine antibodies
diphtheria
measles
mumps
rubella
tetanus

Significantly different*

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



PFOA and PFOS systematic review
Evidence integration: Combine evidence streams to develop conclusions

• Initial Hazard Conclusion
Consider human and animal 
evidence together

• Final Hazard Conclusion
Consider impact of mechanistic 
data and biological plausibility
for the effect

– Strong support to increase

– Strong opposition to decrease



1) Initial Hazard Conclusion 
• Presumed

2) Consider Biological Plausibility
• 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

Presumed

Presumed

SuspectedNot classifiable

Presumed

Known

SuspectedHuman Evidence

Animal 



FINAL CONCLUSION: Presumed to be an immune hazard to humans

Evidence integration: develop hazard conclusions

Presumed

Presumed

SuspectedNot classifiable

Presumed

Known

SuspectedHuman Evidence

Animal 

Suppression of the 
antibody response

• Similar bodies of evidence for 
PFOA and PFOS

• Most epidemiological studies 
examined both



• 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
– Low confidence / low level of evidence

• PFOA
– 2 mice studies; increased airway hypersensitivity
– Moderate confidence and level of evidence

Human body of evidence

Hypersensitivity-related outcomes

Hypersensitivity
• PFOA: Low level of evidence 

from human studies and 
Moderate level of evidence from 
animal studies

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

Animal body of evidence



• 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

• No studies

Human body of evidence

Autoimmunity-related outcomes

Animal body of evidence
Autoimmunity

• PFOA: Low level of evidence from 
human studies; No animal studies

• PFOS: No studies



• 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

PFOA

Conclusions

https://ntp.niehs.nih.gov/go/749926



• 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

PFOS

Conclusions

https://ntp.niehs.nih.gov/go/749926



Questions?

Thank you
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