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We use scientific evidence-based riskand impact assessment
methodologies to ensurethat therisks /impacts of adverse human
health and/orenvironmental effects from exposure to chemicals
used inour products, processes & packaging are acceptably low.
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- Next Generation Risk Assessment (NGRA)

A Strategic Roadmap for Establishing
New Approaches to Evaluate the Safety
of Chemicals and Medical Products
n the United States

New Approach
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Nextgenerationriskassessment (NGRA) - using tools and
approaches to assure safety without animaltesting
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- Inhalation exposure depends on product type
and habits & practices

Canwe safelyuse x% of ingredienty
in productz?




- Ongoing development of a Inhalation Framework
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https://youtu.be/r5rGoihAbGI

Generalstrategy to developing aninhalation toolbox

Case StUdy New polymers foruse in antiperspirants +  Chemistry
based & silanes foruse in general purpose + Potentialhazards
approach cleaners « Existinginformation




- Generalstrategy to developing aninhalation toolbox

Casestudy New polymers for use in antiperspirants « Chemistry
based & silanes for use in general purpose « Potentialhazards
approach cleaners « Existinginformation
‘ /" Product type: formulation & hardware
+ Particle size distribution
led Exposure is calculated using consumer * Consumer habits and practices: y
Exposure- e habits and practices. . E.gilantlpersplrang apr:.llca’?gn 2.x/day, 2s pler I f |
A tiered modelling approach is applied Toma. " postireduration Thmin, reomyvetime i
to simulate realisticconsumer exposure . Tiered modelling approach. [ I
* Invitro exposure doses are informed by predictions
K from MPPD (Multiple Path Particle Dosimetry) model.
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Generalstrategy to developing aninhalation toolbox

Casestudy New polymers for use in antiperspirants « Chemistry; phys-chem properties .
based & silanes for use in general purpose « Potentialhazards
approach cleaners « Existinginformation

‘ / Product type: formulation & hardware

« Particle size distribution
Exposure is calculated using consumer + Consumer habits and practices:
Exposure- led habits and practices. - E.g. antiperspirant: application 2x/day, 2s per
Atiered modelling approach s applied ?glr!rlge, exposure duration 10 min, room volume
to simulate realistic consumer exposure . Tiered modelling approach.
+ Invitro exposure doses are informed by predictions
‘ from MPPD (Multiple Path Particle Dosimetry) model.
\
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ypqt =l Identification of key hazard concerns for
driven the chemicals of interest
J
4 N\ (O . N 4
. . Impalrmgnt of « Cellmodels type: upper airways (MucilAir) and Lower
Lung fibrosis mucociliary airways EpiAlveolar)
clearance « Biomarkers aligned to MIE and KE of critical AOPs (e.g.
AN J J AOP 173, AOP 148, AOP 202)
4 D [ D
B o Lung Biopersistency Clippinger etal. 2018. Toxicology in Vitro 52 (2018) 131-145
o o surfactant Halappanavar etal.2020. Particleand Fibre Toxicology 17:16
oy e e /Clearance
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- Generalstrategy to developing aninhalation toolbox -
benchmark chemicals

For each benchmark chemical:
« Exposure scenario was defined and classified as high or low risk

 Invitroand in vivo hazard data collated

Modulators of ciliabeating Inflammation/ Negative controls

frequency or/and mucus fibrosis, cytotoxicity (history of safe use)/case studies
production

« Benzalkoniumchloride « Polyhexamethylene « Coumarin

« LPS guanidine phosphate « Sulforaphane

« Carboxymethylcellulose (PHMGQG) * Acudyne™ DHR polymer
« Acrolein « Dimethyloctadecyl[3- « Gantrez™ ES-425

« Isoproterenol (trimethoxysilyl) propyl]

« HC067047 ammonium chloride

« Chlorocresol « Akemi Antifleck Super

« Nicotine « Acrolein

« CFTRinh-172 « Amiodarone

 TNF-alpha « Doxorubicin

Min-u-Sil5 (crystalline silica)
Aerosil 200 (amorphous
silica)
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Introductionto benchmark case study chemical -
Polyhexamethylene guanidine phosphate (PHMG)

« PHMG caused acute interstitial pneumonia and pulmonary fibrosis in humans after
exposure during normal used of household humidifiers (Kim etal. 2016).

« PHMG induced ROS generation, production of inflammatory fibrotic cytokines in co-
culture cells composed of lung epithelial cells, macrophages and mast cells (Calu-3, THP-
1 and HMC-1 ALI co-culture model) (Kim et al. 2016).

* In A549 cells PHMG exposure resulted in changes in gene expression relevant to the
progression of cell death included induction of genes related to apoptosis, autophagy,
fibrosis, and cell cycle (Jung et al. 2014).

H H
*\%/\/NWNM%/:({HSPOA)

NH

Polyhexamethyleneguanidine phosphate (n/x=1~2)
(PHMG phosphate)
CAS RN 89697-78-9

Kimet al (2016).J Toxicol Sci 41(6):711-717

Kim et al (2016). Arch Toxicol 90(3): 617-632
Jung et al 2014). Toxicology in Vitro 28(4): 684-692.



Exposure assessment- Usescenario & Tier 1 assessment

Parameters used to calculate Tier 1 screening assessment -
airborne concentration (mg/m3):

Collate Existing Information/
Problem Formulation

« Concentration of PHMG in the disinfectant (ug/ml): 1276
* Disinfectantvolume (mL): 10

* Frequency (humber of applications): 2

* Volume of the room (m3): 27

Degree of ventilation: 1 (assumed no ventilation)

g

Airborne PHMG level estimated (mg/m3)
=10 ml/addition x 2 additions x1276 ug/mlx 1

) 27 m3
————————————— g =0.95mg/m?

Park et al (2015). Indoor Air 25(6): 631-640.



- Exposure assessment- Lung deposition calculations - Multiple path
particle dosimetry model(MPPD)
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« Calculation of Dose Rate (pg/cm2/min) using MPPD default

settings (breathing scenario, lung volume, etc) for different
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: e, : « Calculation of total and regional dose (pg/cm?2) was adjusted
i Regional Lung : by the exposure duration of 11hrs per day

Unillover . . .
Kim et al (2016). J Toxicol Sci 41(6): 711-717.



- Exposure assessment- Lung deposition calculations - Multiple path
partlcle d05|metry model(MPPD)
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Problem Formulation

Predictedtotalandregional dose (ug/cm?) based on
consumer exposure scenario using the 40t percentile

[ |

[ |

[ |

[ [

[ [

: Use scenario | Molecuiar structure | :

(e ] [ ] ! Lungdeposition Day 1 Day7 Day 12

| ([ RatcEEE. ] © Prctin cortent ] | (ug/cm?) exposure exposure* exposure*

- "\ - |

| Tier‘ll__scfi;l:ing Existing in vivodata | |

O it O | Tracheobronchial

b (" Tierz-insiico ) [ nead Avioss ] ' deposition e e e

| exposure |

I modeling €.g. 1

| \___ComBwe ) [

| @ — : AU LR 0.0007 0.005 0.008

Tier3— deposition

I | Experimental data I

l Re Lok | Total 0.001 0.008 0.01
Deposition I}

\ 2 fcdeting / *Assuming worst case scenario of no clearance between exposures.

e e A T T T T -,..,

'\

‘ A

£ ﬁ MULTIPLE-PATH PARTICLE DOS! MEYRY MODEL
o]

Unillover . . .
Kim et al (2016). J Toxicol Sci 41(6): 711-717.



Ongoing development of a Inhalation Framework
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UpperAirway - The MucilAir'M-HF cell system (Epithelix)

~ 12 mm lumen
diameter

'..':’,:-- | »
- AIR-LIQUID ot
< =2 Goblet Cells
g ekl e INTERFACE T
E asal Ce
g o
g Smooth e MucilAir™ (epithelix.com
3 muscle  AN_/ / Reconstituted cells system using human primary bronchial cell cocultured with human airway fibroblast.

Bronchi

selection criteria:

Exposure at the ALI

Stable cells systems which allows repeated exposure

Allows measurement of biomarkers of relevant AOP’s

Measurement for mycolitic activity as well as for inflammation and wound healing

M

é =
; 2 functionality | biomarker  Jate ___Jchonic
I Coitary
< 0 Alincler mycolitic mucus secretion, irritation, enhanced gobletcell hyperplasia,
| activity ciliabeating (CBF), chance of airway asthma, COPD
mucociliary clearance (MCC) infection
= barrier tissue integrity (TEER, LDH), local cytotoxicity, airway remodelling,

{::.:; function cytokine/chemokine release, inflammation, wound Asthma, COPD, lung

= ' & @ ( a8 extracelllul.ar matrix healing fibrosis
Basal cell Ciliated cell  Club celis Gobletcell Mucus cell Sérous cell NEcell Alveolar cells accumulation

e Aeslatiar Brs B e e e 7, @, 2017 toxic endpoint of concernfor PHMG (but more concise for lower airways)

Huang et al, Drug Discovery and Development—Present and Future 2011 8
Sivars et al., Toxicol Sci. 2018 162(1):301-308



https://www.epithelix.com/products/mucilair

UpperAirway - Experimental design

lEXpDSUFE recovery

" Lt |

Cells were exposed with nebulised PHMG using the VITROCELL®cloud chamber

Daily exposure duration was aligned to adjust for mucociliary clearance of the upper
airway (Paul et al., Pulmonary Medicine 2013; Gizurarson, Biol Pharm.Bull. 2015, 38(4); Herve et al.,
Chest 1993 103(1)).

K * *
1i1i1iririi1i1l

0 30" or 61 2un T 4 /e 6
b
» Repeated exposure was conducted on a daily basis for up to 12 days and the S _2-4 Mg/cm? -:’/IO
in*
different biomarkers were measured at least for day 0, day 1, day 4, day 7 0.8 ug/cm?
and day12 -
ctrl
» All Endpoints were measured after arecovery period 24h after exposure, with >
0 1 7 12
the exception of day 0 were and additional MCC measurement was taken time [days]

30min after exposure

lexposure * endpoint measurements

* exposure is aligned with short use of a homecare/personal care product and
was not aligned to a long term exposure of PHMG in humidifier!



IL6 IL8

TEER

PHMG causes a slightinflammatory response in MucilAir™ cellmodel

0 ug/cm? 0.8 ug/cm? 2.4 ug/cm? 4.8 ug/cm?

12
Time Time Time

30 min daily exposure

TEER

0 pg/cm? 2.4 ug/cm?

Time Time

6h daily exposure

» PHMG causes slight inflammation in the 6 h treated tissues only
> TEER measurements shows statistically significant increase at a daily exposure at 2.4ug/cm?
» Theresults indicate that exposure duration has an effect on experimental outcome

» The mathematical modelis still under construction => preliminary results

Pink dashed line -95% cred range of control.
Black dashed line - 95% credrange of mean
response

Green dots - data points
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Lower Airway - The EpiAlveolar™ cell system (MatTek)

~ 12 mm lumen
diameter

Lamina propia
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nerve o . .x:‘:
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3 g '-. 5 barrier tissue integrity (TEER, LDH), local cytotoxicity, airway
& S« function mitotoxicity, cytokine/ inflammation, wound remodelling/scarring,
o K chemokine release, healing lung fibrosis
=_<: extracellular matrix
%’ sarbel < ,: : accumulation
5 i 3 toxic endpoint of concern for PHMG
g bronchioles \ o & Modified Hanging Top
8 ____Je i R o
- — — . e .
- M = 11 i selection criteria:
g 3 v i Capi \ P - Exposure at the ALI
H i : .
= ' ru' —— - Stable cells systems which allows
\ : repeated exposure
[ ] .
1 i - Allows measurement of biomarkers
t of relevant AOP’s
P - Co-culture of cells including immune
@ {C-‘::-". see f‘_".l‘ Endlothelial Cells
N B (cer ¥ , —— competent cells/macrophages and
. - ® P AN . g primary human alveolar epithelial cells, pulmonary fibroblast
@ = o % o= endothelial cells and monocyte-derived macrophages Ibroblas
Basal cell Ciliated cell  Club celis Gobletcell Mucus cell Serouscell NEcell Alveolar cells

modified after Bustamante-Marin, et al

.2017



Morphology of EpiAlveolar™ cellmodel

H&E o day 0 ' cilia/ microvilli
epithelial cells

degenerated '_7— o — -
N fibroblast
CaHeRECls endothelial cells
Pan-Cytokeratin PSR day0
o -
extracellular aggregates
epithelial of PSR positive collagen
Vimentin day0 Caspase 3 ’- | day 0|
§ - ” o -
. = - — — —— » apoptoticepithelial cells
— 7
fibroblast cell layer
aSMA |day0 Anti-CD68 |dCly0|
- g : e " T -
— e :
- o oo et )T‘ Z ’ / p————
Tt - sl am— mac’r-o.;;F;ge.s
myofibroblast jesmm——

* intracellular separation

m=) No staining with prosurfactant C (marker for AT2 cells) could be detected. However inclusion of AT2 cells were shown inBorosva et al,,
2020




Morphological changes of the EpiAlveolar™ cell modelovertime

o
ey 2000-
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C 1000
o i \ =t
(NN} : A1
L -
Lo L\
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Day 12 F , 00~ |
- .-*‘.'.’“\ = -
— -.$; - "% | 1

time [days]

» Thinning ofthe EpiAlveolartissue from a 2-4 celllayer down to asingle cell layer

» Barrier functions remains stable over time, with some variability between laboratories




- Lower Airway - Experimentaldesign

> Cells were exposed with nebulised PHMG using the VITROCELL®cloud
chamber

» Cells were exposed for 24h without recovery

* Kk Kk * *
11111111111
)
» Repeated exposure was conducted on a daily basis for up 0.005 pg/cnv?
to 12 days and the different biomarkers were measured at ctrl
least for day 0, day 1, day 4, day 7 and day12 01 - [days]7 1

lexpos ures Yk endpointmeasurements
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PHMG causes cytotoxicityin EpiAlveoloar™ cellmodel
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Preliminary results, not all endpoints included!
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markers and ECM accumulation.

by diffuse alveolar damage.

conc.[ug/cm?]

v

Daily exposure of 0.2 pg/cm? leads to loss of tissue integrity (TEER) accompanied by increased release of pro-inflammatory cytokine

These results might reflect the in vivo situation in humans where PHMG leads to acute interstitial pneumonia which is characterised



- Method for calculating a Point of Departure (PoD) using the state

space model (SSM)
Have multiple parameters samples obtained when training the model against the data
PoD for parameter PoD for parameter
sample 1 sample 2
Use samples to: A ; A :
1. Inferthe dose /@ :®
response. 2 Parameter sample 2
2. EstimatethePoD(if Q[ """~ """ttt AT
CDS=>0.5) o
Repeateachtimepoint/ R .
endpoint! Dose Dose

® Measuredresponse

Inferred response (using the SSM)

————— Inferred 95% ci of the control (using the SSM)

Results in (approximate) PoD distribution, from which useful statistics can be estimated
(median, 95%CIl etc).
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- Comparing PoD to estimated lung deposition calculations

day 1 day 12
2 2
— — lowerairways
1 }
b= $% © b
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Lab?2
3 4 2.2.8.1. {. 3 |
g “-1HH”HHH $ 313 ! upperairways
v o, p i § . (30 minexposureonly)
g g .2> — — h ------ ‘- — — — ‘- ‘— — — & -‘- & & — — h — L o— — — - y
g’ -3 ------ ;) -3'
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— -4 — 4 Deposition*
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Q" v 5“/\ '9\0 & TN ‘}é v FYeYsy & Deposition*
S PV 4
-}-C’\;\ 00\/ Q\\ k (}“"’é *accumulated depositionfor the
(&) (}' A indicated da
¥ & y
o N

Preliminary results, not all endpoints included!

> the slightly lower PoD and higher deposition rate of substance at day 12 compared to
day 1 indicates alower margin of safety/exposure which will affect the risk assessment
outcome

» Choice of cell model has a big impact on PoD calculation

> Donor/ lab variability is present but (at least for PHMG analysis) no significant effects

%ﬁ on PoD

Unillewesr



Gaps & Next steps

Exposure:

Uncertainty in the estimates of regional deposition doses; limited human data to validate models and
only available for total deposited fraction

For chronic repeated dosing lack of ready- to- use models to predict steady state concentrations the
lung (i.e. incorporation of multiple clearance mechanisms such as absorption, metabolism,
mucociliary clearance and macrophage clearance)

Uncertaintyin the delivered dose in vitro, especially over repeated dosing scenario

Compare MPPD outputs with Computational fluid dynamics (CFD) modelling results.

Data generation and concentration response modelling:

Finalise the mathematical model and explore additional features (e.g. using the model to predict PoD
at timepoints whichwere not measured)

Uncertainty around exposure duration in vitro (30min-6h for upper airway, 24h for lower airway?)

Evaluate the full data set including all benchmark substances and endpoints in the context of
decision making, and where appropriate, extend the data set.

Define most relevant endpoints to simplify experimental design
Finalise and complete transcriptomic analysis

Fillgaps to coverallendpoints of concern (e.g. biopersistence and surfactant inhibition)
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