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The use of RPFs In risk assessment

" RPFs (relative potency factors) help to refine the risk assessment
® See e.g. TEFs applied for dioxins and dioxin-like PCBs

" But it is important that they are based on solid evidence
e Comparative studies including reference compounds

e Knowledge on the mode of action

® Also because of their use in human studies where often mixtures in
e.g. blood are observed:

® If not correct, they may easily lead to the wrong conclusions
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PFASs: critical study with infants
(Abraham et al., 2020)

B Reverse association between PFOA serum levels and antibodies
against all 3 vaccines

e Not significant for PFOS, PFNA and PFHXS
® But also an association with the sum of 4 PFASs
® selected by EFSA regarding:
® observed association with PFOS in Grandjean study with children

® and in several studies with PFOS in mice
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Association titres and serum levels for sum 4 PFASs

Hib Tetanus IgG1 Diphtheria

plasma plasma plasma

level level level
Quantile (ng/ml) N mean sd p.value (ng/ml) N mean sd p.value (ng/ml) N mean sd p.value

mean mean
Ql 10.0 20 1.92 1 0.13 10.0 20 1.06 0.32 0.09 10 20 0.44 0.40 0.06
Q2 19.8 20 1.67 1 0.25 19.8 20 0.99 0.41 0.57 19.8 20 0.57 036 0.29
Q3 31.9 20 1.78 1 0.55 30.9 20 1.06 0.44 0.96 30.9 20 0.56 0.40 0.37
Q4 40.5 20 1.38 0.03 39.8 20 1.01 0.35 39.8 20 0.46 042 0.87
Q5 50.4 18 1.49 N\ 0.07 49.7 20 0.77 0.35 (0.01 49.7 20 020 0.55 0.13|
a—— S

Anova result of group evaluations

Based on Table K.1 EFSA (2020)

" Decreased titres for Hib and tetanus in highest quantiles

" NOAEC of 31.9 ng/mL for sum of 4 PFASs based on tetanus
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BMD modelling infants and critical intake

® After public consultation data
modelled with PROAST on request
several respondents

" BMDL,, of 17.5 ng/mL for the sum
of 4 PFASs in infant plasma
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Deriving the TWI

" TWI of 4.4 ng/kg bw per week for sum of 4 PFASs
e applies for PFOA, PFENA, PFHXS and PFOS

® assuming equipotency (lack of data on the critical
effect)
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How to deal with other PFASs when detected?

® Zeilmaker et al. (2018) and Bil et al. (2021) proposed RPFs for a
range of PFASs based on increased relative liver weights in rats

® Related to other adverse liver effects

e Based on external dose

® PFOA as reference compound

® Available studies on single PFASs, so no comparison with reference

" Initially combined with TDI for PFOA (12.5 ng/kg bw per day)
derived by Zeilmaker et al. (2016)

® But then applied in combination with the EFSA TWI of 4.4 ng/kg bw
per week for effects on the immune system
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Applying an assessment based on PEQ levels

When applying RPFs on food or serum levels, the outcome should be
compared with a TWI (or serum reference value) based on:

" the reference compound (e.g. PFOA; RPF of 1)

" or based on the association using also PEQ levels instead of
summed levels (e.g. in case of human data)

" But EFSA TWI is based on sum of 4 PFASs, assuming equipotency
e Could be 2- to 3-fold higher when applying the RPFs
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Internal RPFs for PFASS

" Also, RPFs derived for internal dose (blood levels) (Bil et al., 2023)

® RPFs for decreased absolute spleen en thymus weight, but similar to
those for increased liver weight

® Assumption that these high-dose effects are related to the
decreased vaccination response (TDAR) observed at much lower
exposure
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Application of RPFs in human studies

® Applying the RPFs accounts for differences in toxic potencies for the
critical effect (e.g. vaccination response)

®" And should thus improve the associations observed

® Case study: reduced vaccination response (Abraham et al., 2020)
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Applying internal RPFs on data Abrahams et al.

® RPFs used to convert serum levels PFOA, PFNA, PFHxS and PFOS
into PEQ levels

® Using the internal RPFs for a decrease in absolute thymus weight in
rats (Bil et al., 2023):

e 1 for PFOA, 6 for PFNA, 0.5 for PFHxS, 4 for PFOS

® Results in 2.5-fold increased levels, when expressed in PEQs

B Statistical evaluation of group of 101 infants divided over 5
quantiles, and BMD modelling using PROAST
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Association titres and serum PEQ levels

Hib Tet Diph

plasma plasma plasma

level (ng level (ng level (ng
Quantile PEQ/ml) N mean sd p.value PEQ/mI) N mean sd p.value PEQ/mI) N mean sd p.value
Q1 25 20 1.89 0.80 0.24 25 20 1.05 0.36 0.23 25 20 0.48 0.43 0.22
Q2 45 20 1.66 0.61 0.31 45 20 0.93 0.34 0.27 45 20 0.46 0.39 0.85
Q3 76 20 1.53 0.80 0.17 74 20 1.04 035 0.92 74 20 0.52 0.26 0.77
Q4 94 19 1.49 0.67 0.10 93 20 1.01 0.47 0.76 93 20 0.52 0.50 0.82
Q5 123 19 1.68 0.69 0.38 122 20 0.85 0.39 0.09 122 20 0.26 0.56 0.17

Anova result of group evaluations

®" No significant association between serum PEQ levels and titres

WAGENINGEN

UNIVERSITY & RESEARCH



BMD modelling

" No dose-response when modelled
with PROAST software (as shown for
titres against diphtheria)
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Conclusions based on data Abraham et al.

" Applying the RPFs results in a loss of the association with
antibody titres in the Abraham study

® In line with the poor association observed for PFOS (i.e. PFOS
less potent, and not more potent as suggested by RPFs)

e “Lower potency” of PFOS compared to PFOA also reported for
study by Grandjean et al. (2012) on Faroe islands

" This case study also demonstrates the risk that “unfit”
RPFs may mask potential associations in human studies

" Derivation of a TWI from Abraham study not possible
when applying proposed RPFs to derive PEQ levels
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How to explain?

" Are relative potencies of PFASs for these effects not representative,
or are rats different from humans?

® What is the basis behind these RPFs?
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Spleen and thymus
weights in male rats (NTP)
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Dose
(mg/kg
bw/d)
PFHxS
0.01
0.625
1.25
2.5
5
10
PFOS
0.01
0.312
0.625
1.25
2.5

PFOA
0.01
0.625
1.25
2.5
5
10

PFNA
0.01
0.625
1.25
2.5

BW d29
(g)
mean
336
346
342
343
341
335

337
340
338
331
333
309

347
344
331
317
304
280

344
332
286
193

live

weigh

plasma relativ
(ng/mL)  (mg/g

Thymus
absolute

(g)

Thymus

Spleen

relative absolute

(g)

(g)

Spleen
relative

(g)

mean
33.77
34.91
36.81
38.79
44.61
51.96

34.92
38.66
42.04
46.38
52.51

60.8

37.34
43.41
47.80
51.75
55.01
62.05

34.14
42.12
54.47
63.37

Yellow is significant according to NTP

[
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Spleen and thymus
weights in male rats (NTP)

® No significant effect for PFHxS

® For relative spleen and thymus weights,
no effect for PFOA (seems problematic to
derive RPFs)

® For absolute weight for PFOA and PFNA
significant decreases only at doses causing
reduction in body weight,

® For PFOS reduced absolute spleen weight
at two lower doses not causing reduced
body weights.
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Dose
(mg/kg
bw/d)
PFHxS
0.01
0.625
1.25
2.5
5
10
PFOS
0.01
0.312
0.625
1.25
2.5

PFOA
0.01
0.625
1.25
2.5
5
10

PFNA
0.01
0.625
1.25
2.5

BW d29
(g)
mean
336
346
342
343
341
335

337
340
338
331
333
309

347
344
331
317
304
280

344
332
286
193

live

weightl Thymus  Thymus Spleen Spleen
plasma relative] absolute relative absolute relative
(ng/mL)  (mg/g (8) (g) (g) (g)
mean mean mean mean mean
33.77 0.38 1.14 0.65 1.93
34.91 0.42 1.21 0.69 2.01
36.81 0.39 1.13 0.68 1.97
38.79 0.43 1.25 0.66 1.92
44.61 0.41 1.19 0.66 1.94
51.96 0.36 1.08 0.61 1.83
34.92 0.431 1.28 0.688 2.04
38.66 0.465 1.37 0.708 2.09
42.04 0.412 1.21 0.686 2.04
46.38 0.401 1.21 0.617 1.87
52.51 0.385 1.16 0.611 1.84
60.8 0.322 1.04 0.593 1.92
37.34 0.43 1.24 0.70 2.03
43.41 0.42 1.21 0.66 1.90
47.80 0.42 1.27 0.65 1.95
51.75 0.42 1.30 0.62 1.94
55.01 0.39 1.26 0.58 1.91
62.05 0.32 1.11 0.53 1.90
34.14 0.39 1.13 0.67 1.96
42.12 0.43 1.29 0.62 1.85
54.47 0.27 0.93 0.50 1.73
63.37 0.09 0.43 0.29 }.148

Yellow is significant according to NTP




Spleen and thymus
weights in male rats (NTP)

® No significant effect for PFHxS

® For relative spleen and thymus weights,
no effect for PFOA (seems problematic to
derive RPFs)

® For absolute weight for PFOA and PFNA
significant decreases only at doses causing
reduction in body weight,

® For PFOS reduced absolute spleen weight
at two lower doses not causing reduced
body weights.

® Effects observed at >1000—fold higher
plasma levels than the decreased immune
response in mice and humans.

WAGENINGEN

UNIVERSITY & RESEARCH

Dose
(mg/ke
bw/d)
PFHxS
0.01
0.625
1.25
2.5
5
10
PFOS
0.01
0.312
0.625
1.25
2.5

PFOA
0.01
0.625
1.25
2.5
5
10

PFNA
0.01
0.625
1.25
2.5

BW d29
(g)
mean
336
346
342
343
341
335

337
340
338
331
333
309

347
344
331
317
304
280

344
332
286
193

plasma

(ng/mL)

102
66760
92080

129000
161700
198300

<25
23730
51560
94260
173700
318200

98
50690
72480
95430

110720
148570

55
56730
161000
380000

liver
weight
relative
(mg/g)
mean
33.77
34.91
36.81
38.79
44.61
51.96

34.92
38.66
42.04
46.38
52.51

60.8

37.34
43.41
47.80
51.75
55.01
62.05

34.14
42.12
54.47
63.37

Yellow is significant according to NTP

Thymus
absolute
(8)

mean
0.38
0.42
0.39
0.43
0.41
0.36

0.431
0.465
0.412
0.401
0.385
0.322

0.43
0.42
0.42
0.42
0.39
0.32

0.39
0.43
0.27
0.09

Thymus
relative
(8)
mean
1.14
1.21
1.13
1.25
1.19
1.08

1.28
1.37
1.21
1.21
1.16
1.04

1.24
1.21
1.27
1.30
1.26
1.11

1.13
1.29
0.93
0.43

Spleen
absolute
(8)

mean
0.65
0.69
0.68
0.66
0.66
0.61

0.688
0.708
0.686
0.617
0.611
0.593

0.70
0.66
0.65
0.62
0.58
0.53

0.67
0.62
0.50
0.29

Spleen
relative
(g)
mean
1.93
2.01
1.97
1.92
1.94
1.83

2.04
2.09
2.04
1.87
1.84
1.92

2.03
1.90
1.95
1.94
1.91
1.90

1.96
1.85
1.73
1.48
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What about applying external RPFs on NTP data?

" Originally Zeilmaker et al. (2018) derived RPFs for relative liver
weight in rats based on individual animal studies

e 1 for PFOA, 10 for PFNA, 0.6 for PFHXS, 2 for PFOS

" Later on data published from NTP studies on a range of PFASs
(PFCAs and PFSAs) under comparable circumstances

e Validation set?
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Applying external RPFs on NTP data

60

®" NTP data on relative liver
weight in male rats for 4
PFASs (others not shown)
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Relative liver weights in male rats. Two highest doses
PFOA and highest dose PFOS removed (strong
decrease body weight)
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Applying liver-based RPFs for PFOA, PFENA, PFHxS and PFOS

60 60
55 RPFs
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oo oo
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Left original data, right after applying the RPFs of 1 for PFOA, 10 for PFNA, 0.6 for PFHxS, 2 for PFOS

Use of RPFs does not seem to improve the overlap, except for PFHXS
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RPFs based on BMD,,

" Dose response curves for individual PFASs modelled using PROAST
" Using a BMR of 20% increase (lower part of the curve)

" BMD,, values used to derive RPFs of:

e 1 for PFOA (reference)
e 0.84 for PFNA

e 0.16 for PFHXS rR AP SR -
e 0.75 for PFOS

ght (mg/g)

e liver wei

Relati
"
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Applying these RPFs on the data

60 60

(13 a

o Alternative
o 7
< RPFs
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z g
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< &

35 35
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dose (mg/kg bw/day) dose (mg PEQ /kg bw/day)

® Left original data, right after applying RPFs of 1 for PFOA, 0.84 for PFNA, 0.16 for PFHxS, 0.75 for PFOS
® These RPFs seems to bring the dose-response curves much more together

® at higher PFOA levels less close but these doses caused a reduced body weight
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Conclusions

" At this stage data seem lacking to derive RPFs for the critical low-
dose effect on the immune system (vaccination response)

A reduced vaccination response has been observed in some mice
studies at low PFOS doses; but no comparison with other PFASs

" Promising results from NAM studies on immunotoxic effects but
sufficient?

® No clear view on the mode of action
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Which PFASs to combine?

" The TWI derived for the 4 PFASs takes into account that they
accumulate in women of child-bearing age over many years followed
by transfer to infants

® Accumulation over time is an important yes/no criterion for
assigning TEFs to dioxin and dI-PCB congeners

" PFASs that do not accumulate in humans should not be included in
the RPF scheme and be separately evaluated (other group?)

® EFSA recently derived for TFA an ADI of 0.03 mg/kg bw per day
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Questions?
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