The Global
Aware Group

Appropriate Care For Women
With Androgen Excess

Recognition and diagnosis of androgen
excess

Educational Slide Kit
Module 2

The AWARE group is a panel of independent physicians with an expert interest in androgen
excess in women. Formation of the AWARE group and its ongoing work is supported and
funded by Bayer AG. October 2018
PP-DIA-ALL-0044-01



Testing your knowledge @

1. Which of the following could be a non-hormonal
cause of acne?

Genetic predisposition
Medication use
Cosmetics

All of the above
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Testing your knowledge

)

2. What is SAHA syndrome?

A. SAHA —Skin, Acne, Hyperandrogenism, Alopecia

B. Simultaneous presentation of seborrhea, acne, hirsutism
and alopecia

C. SAHA - Serum, Androgens, Hair loss, Acne

D. Simultaneous presentation of specifically distributed
acne and hirsutism in androgen excess




Testing your knowledge

)

3. In addition to androgen-secreting tumours which of
the following conditions can also cause androgen
excess

o0 ® >

Polycystic ovary syndrome (PCOS)
Thyroid dysfunction
Non-classic congenital adrenal hyperplasia (NCAH)

. All of the above




Testing your knowledge
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4. Why is early recognition and treatment of androgen
excess important?

A. Hyperandrogenic skin symptoms cause significant quality
of life and psychological impairment

B. Androgen excess due to biochemical hyperandrogenism
may have a long-term impact on general health

C. Androgen excess represents a significant health economic
burden

D. All of the above




Module content @

* Challenges in the recognition of androgen excess
* Rationale for early diagnosis and treatment
* A diagnostic pathway:

* Ask, Assess, Consider, Test

* Further investigations
* Resources




Challenges in the
recognition of androgen
excess




Global and ethnic differences in prevalence and
primary presentation of androgen excess'?

* Women in far-East Asia
present less frequently with
hirsutism than Western
women?

>
* Thickness of body hair is -
greater in Caucasian women
than Asian women?
* |ncreased risk of insulin .y

resistance in African-
American women?

1. Azziz R, et al. J Clin Endocrinol Metab 2005;90:4650-8; 2. Escobar-Morreale HF, et al. Hum Reprod Update 2012;18(2):146-170 8



Women can present with a combination Q\
of non-specific symptoms*2

In some cases, women present with all four hyperandrogenic skin
symptoms, described as the SAHA syndrome3*

1. Yildiz, B. Best Practice Res Clin Endocrinol Metabol 2006;20(2):167-176; 2. Ozdemir S, et al. Acta Obstet Gynecol Scand 2010;89:199—
204; 3. Orfanos CE, et al. Horm Res. 2000;54:251-8; 4. Fauser BCJM, et al. Fertil Steril 2012;97:28-38



Sometimes skin symptoms are mistakenly @
seen as just a cosmetic problem .

* Women with hirsutism and some practitioners, still
believe this abnormality to be primarily a cosmetic

disturbance?

* Many women therefore seek help from a
beautician, cosmetologist or electrologist in

preference to a physician?3

* Acne can be seen as an ‘adolescent problem’ that

will resolve with age*

1. Yildiz B, et al. Hum Reprod Update 2010;16(1):51-64; 2. Dumesic DA, et al. Int J Fertil Womens Med 1997;42:255-260; 3. Farah L, et al. J Reprod Med

1999;44:870-4; 4. Dréno B, et al. J Eur Acad Dermatol Venereol 2014;29:1096-106 10



Not all acne is specific to a disorder of Q\
androgen metabolism

Hormonal influences Non-hormonal influences

* Menstrual cycle * Genetic predisposition

* Pregnancy (+/- effect) * Medication use (e.g. iodine,

* Polycystic ovary syndrome (PCOS) lithium, isoniazid, phenytoin,

* Androgen excess is the cause of cyclosporine)
acne in approximately 1in 6 * Cosmetics (e.g. oil- or cocoa
women? butter-containing products)

* Hormone treatment (e.g. oral * Competitive sport
contraceptives) e Lifestyle aspects (e.g. smoking or

diet, the latter possibly related to
consumption of dairy products or
foods with a high glycemic index)

* Pressure or friction on the skin
(e.g. bike helmet straps)

1. Sirmans S & Pate KA. Clin Epidemiol 2014;6:1-13; 2. NHS choices. Last reviewed (April 2016); 3. Redmond GP. Int J Fertil Womens Med 1998;43(2):9-17; 4.
Darney PD. Int J Fertil Womens Med 1997;Suppl 1:158-69; 5. Grossman Barr N. Am Fam Physician. 2010;82(12):1499-1506 11



Although hirsutism is a recognised Q\
marker of androgen excess...!

...less frequently, it can also be caused by ovarian
or adrenal dysfunction®3

Etiology Frequency (%)*

Polycystic ovary syndrome (PCOS)

Idiopathic hyperandrogenism 15

Idiopathic hirsutism 10

Non-classic congenital adrenal hyperplasia
(NCCAH)

Androgen-secreting tumors

1. Yildiz, B. Best Pract Res Clin Endocrinol Metab 2006;20(2):167-176; 2. Bode D, et al. Am Fam Physician 2012;85(4):373—-380; 3. Escobar-Morreale HF, et al. Hum
Reprod Update 2012;18(2):146-170 12



Assessment of skin symptoms is not
always straightforward?

*  Women may present in a variety of settings.
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* Use of validated assessment tools outside g_{\g 1
dermatology or clinical trial settings is rare?
RO gy

*  When they are used, confirmation of hirsutism (1) (1) (%) (F)
for example can be further complicated by:!

— The semi-quantitative approach of the modified
Ferriman-Gallwey (mF-G) scale!

0= Normal clear skin with no evidence of sone wulpeis
1= Skn s almost cheae: rave non-inflasmiony lessous present, with te non-

— High inter-observer variability Sten Gppstos st b otet i i s oyl G

— Lack of consensus regarding the score that defines 3 apmpes chy uo aods e ity
hirsutism i e e g B

ot be cne small nodulo-cystic lesion

4«  Iflamouiory [£5500s e MOore Jpparest many comedones and papules pustales,
there may or may not be 2 few nodslo-cystic lesions

5= Haghly mfk ¥ lesions p varmbde summber of comedones, many
mmmmmm

* Self-care such as shaving or waxing may limit full
assessment of severity

1. Yildiz, B. Best Practice Res Clin Endocrinol Metabol 2006;20(2):167—-176; 2. Azziz R, et al. Nat Rev Dis Primers. 2016;2:16057 13



Rationale for early
diagnosis and treatment

14



Why is early recognition and treatment Q\
of androgen excess important?

* Hyperandrogenic skin symptoms cause significant quality of
life and psychological impairment!-*

* Androgen excess due to biochemical hyperandrogenism may
have a long-term impact on general health

Skin symptomology

Menstrual dysfunction

Infertility

Insulin resistance

Dyslipidaemia
Type 2 diabetes

Cardiovascular disease

Cancer risk

Androgen excess therefore represents a significant health
economic burden®

1. Ekback MP, et al. Dermatology. 2013;227(3):278-84; 2. Gupta MA & Gupta AK. Br J Dermatol 1998;139(5):846-50; 3. Sawaya ME. Dermatologic Clinics
1997;15(1):37-43; 4. Yildiz, B. Best Practice Res Clin Endocrinol Metabol 2006;20(2):167-176; 5. Fauser BCIM, et al. Fertil Steril. 2012;97:28-38; 6. Azziz R, et al. J 15
Clin Endocrinol Metab 2005;90:4650-8



A diagnostic pathway —
Ask, Assess, Consider Test

16



Four key steps in the recognition and @
diagnosis of androgen excess ,

@ 1.AsK

=9 2. ASSESS

4

3. CONSIDER

@) 4. TEST




@ 1.AsK

What to ask!?

Previous or ongoing treatment
and/or self care (e.g. use of make-
up, shaving, waxing)

Detailed history of menstrual
pattern?

Menstrual irregularity?!

Ovulatory dysfunction

Detailed family history of similar
disorders?

Why?

Make-up or regular waxing or
shaving can disguise the
symptom severity

Hyperandrogenic skin
symptoms and menstrual or
ovulatory dysfunction could

indicate polycystic ovary
syndrome (PCOS)

1. Sirmans S & Pate KA. Clin Epidemiol. 2014;6:1-13; 2. Azziz R & Kashar-Millar MD. J Pediatr Endocrinol Metab 2000;13 Suppl 5:1303-6 18



2. ASSESS'

Body mass
index (BMI)

Waist/height
ratio (WHR)

Blood pressure
(BP)

Hirsutism Acne

1. Sirmans S and Pate KA. Clin Epidemiol 2014;6:1-13 19



. 2. ASSESS™ (d)

Clinical signs of acne include greasy skin, altered keratinisation
inflammation and bacterial colonisation by P Acnes 2

Papulo-pustular
acne

Comedonal acne Nodular acne

*For assistance with the identification of acne due to androgen excess, please see the AWARE ‘Educational manual:
Female acne for non-dermatologists’

1. Gollnick H & Zouboulis CC. Deutsches Arzt Int 2014;111(17):301-312; 2. Shen Y. Acta Derm Venereol 2012;92: 40-4 20



2. ASSESS ™

Hirsutism is
evaluated and
guantified by
the modified

Ferriman-
Gallwey score'*
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3. CONSIDER™

Emotional wellbeing
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1. Ekback MP et al. Dermatol. 2013;227:278-284; 2. Aktan et al. Int J Dermatol 2000;39:354-357; 3. Koo JYM & Smith LL. Pediatr Dermatol 1991;8:185-188;
4. Stern RS. Dermatol 2000;43:1042-1048; 5. Kellet SC and Gawkrodger DJ. Br J Dermatol. 1999;140(2):273-82



@ 4. TEST'

* A number of conditions can cause
androgen excess
- Polycystic ovary syndrome (PCOS)
- Thyroid dysfunction
- Androgen-secreting tumours

- Non-classic congenital adrenal
hyperplasia (NCAH)

* Other potential causes of skin
symptoms of androgen excess
- Androgenic medications
- Skin irritants
- Genetic predisposition

1. Sirmans S & Pate KA. Clin Epidemiol. 2014;6:1-13

23



@) 4. TEST’

Confirming the cause of androgen excess!3

Laboratory tests to \

exclude other disorders:
* Serum thyroid

stimulating hormone
(TSH)

* Serum prolactin

* Serum 17-

\ hydroxyprogesterone

)

(OHP)
Also important to assess:
Quality of life

When PCOS is

suspected,
additional tests
are used

—

Confirm PCOS

* Serum testosterone

e Ultrasound ovarian
morphology

Confirm severity of
dysfunction

e Anti-Mullerian hormone
(AMH)

* Sex hormone binding
globulin (SHBG)

e Metabolic tests

1. Legro RS, et al. J Clin Endocrinol Metab 2013;98:4565-4592; 2. Goodman NF, et al. Endocrin Pract 2015;21(11):1291-1300; 3. Fauser BCJM, et al. Fertil Steril

2012;97:28-38




Essentials for the identification of androgen
excess in women of reproductive age

The Global
Aware Group

Apprapriate Care For Wamen
With Androgen Excess

Essentials for the identification of

androgen excess in women of reproductive age

en of rep

(@ 1.AsK

What to ask?

Why?

r &
3. CONSIDER® ™

What to consider? Why?

* Previous treatment and/or self care
(e.g. use of make-up, shaving, waxing)

* Menstrual irregularity (intervals
<21 days or >35 days; prolonged or
heavy menstrual bleeding)

* Owulatory dysfunction (irregular intervals,

L.

* Make-up or regular waxing or shaving
can disguise the symptom severity

* Hyperandrogenic skin symptoms and
menstrual or ovulatory dysfunction
could be PCOS

intervals of <21 or >35 days; or delayed ovulation)

(@) 2. AssEss®

What to asess?

Why?

* Clinical presence of skin symptoms
such as acne*, hirsutism, seborrhea and
alopecia
“For assictance with the identificetion of acne due to endrogen

owcess. plesss seo the Educations| mantel: Famale acne
for non-dermezalogit’

Biochemical evidence of elevated
androgens

Body mass index (BMI)
Waist/height ratio (WHR)
Blood pressure (BP)

SUSPECT PCOS?
Please use 'The effective management and monitoring
of PCOS checklist’

Androgen excess can present as:

* clinical hyperandrogenism - the pilosebaceous
unit has increased sensitivity to normal serum
androgen levels

biochemical hyperandrogenism - excessive
production and/or secretion of androgens
which may be of ovarian or adrenal origin

and a symptom of PCOS

Central obesity and preventable diseases
associated with metabolic syndrome may
indicate PCOS as the cause of androgen excess

* Emotional * Hyperandrogenic skin
wellbeing symptoms are associated with
* Quality of life significant quality of life and

psychological impairment

= Androgen excess may lead
to increased risk of metabolic
syndrome and endometrial
hyperplasia or malignancy
it left untreated, particularly
if there is accompanying
anovulation or PCOS234

* Long term health

(" 3

@ 4.TEST®

What to test? Why?

* Thyroid = Thyroid dysfunction,
stimulating pituitary tumours and non-
hormaone (TSH) classic congenital adrenal

* Prolactin hyperplasia (NCAH) are all

« Quality of life potential causes of androgen

excess
. J

1. I 43(2191-7; 2. el d.2012;97(1k28-38.
25; 3. Barry J et el Human Reprod Update. 2014,20(5):748-758; 4. Chittenden BG et al. Reprod Biomed Orline.
2009;19:398-405; 5. Pate KA. Clin Epidemial 20147 ; 8. Ekback Dermatol. z

284; 7. Akean et ol Int J Dermesal 2000;39:354-357; 8. Koo JYM and Smith LL Pedistr Darmeml 1991;8:185-188;
9. Stem RS, Dermetol 2000;43:1042-1048; 10. Kellet 5C and Gawkrodger DJ. BrJ Dermetol. 1999;140(21273-62.

25



Risk factors prompting further investigation

7.REFER IF

e Suspicion of androgen-
secreting tumour

The Global
Aware Group

* Undiagnosed bleeding

Essentials for safe practice and prescribing
in the management of androgen excess

Appropriate Care For Waren
With Androgan Excass

e Severe psychological

r N\ N\ \
O 5.expain | | @ 6. TREAT € 7.REFERIF Lo
Whatto explain? What to treat? When to refer? morbid Ity for exam P le , severe
+ The pathophysiclogy + Bothersome symptoms of clinical hyperandrogenism i.e. acne, + Suspicion of androgen-secreting tumour
of symptoms in simple, hirsutism, seborrhea and alopecia + Undiagnosed bleeding . .
e e iroqos s ansamsster | | | 10t anxiety and/or depression
anguage metabolic complications example, severe anxiety and/or depression
* How the treatments work = Scaring acne
* The naed for a follow-up S — + Fertility problems .
.  cinica quidelin Why? e Scarring acne
Why?
= An androgen-secreting tumour requires
* Increasing patient urgent confirmation of diagnosis and
knowledge helps to treatment ol
empower patients’ + Menstrual dysfunction and irregular [ ] Fe rtl | It ro b I e I I I S
* To help patients Whyz bleeding can have multiple, different
understand the - ! the possibility of endometrial
importance of correct + To help to improve the symptom-related quality of life and abnormality should be excluded with use
and consistent treatment, paychelogical mpaimmente? of ulrasound (i available)
especiallyinlong term « To help reduce the risk of both reproductive and metabolic/ * For effective treatment of depression,
conditions'® i I 3 with long ! anxiety or other symptom of psychological
+ Skin symptoms such cesy disorderst™ morbidity due to symptoms of androgen
as acne and hirsutism excess
often require long:term + Severe, scarring acne requires specialist
treatment treatment from a dermatologist
+ Refaral for assisted reproduction
e T techniques and counselling may be
needed for women who stil have dificulty
conceiving due to androgen excess
AN J \ J
Iy
- : e JR—
oty o oy s L
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Some practical reminders

27



Remember...

©

* The cause of androgen excess is not always detectable
using biochemical tests

* In some cases, clinical symptoms result from the
hypersensitivity of skin tissue to normal androgen levels.

* However, the clinical symptoms causing psychological distress or
impaired quality of life should still be addressed

* Menstrual irregularity can be a good indicator of PCOS,
particularly in combination with clinical hyperandrogenic
skin symptoms

28



Conclusions Q\

* There are a number of challenges in the recognition of
androgen excess, including:

* Global and ethnic differences in prevalence and primary
presentation'-?

* Presentation of a combination of non-specific symptoms3#
* Difficulty assessing skin symptoms?>
* Early recognition and diagnosis of androgen excess is
important

* It allows prompt treatment of hyperandrogenic skin symptoms and
can lead to improvements in quality of life and psychological
wellbeing®10

* Despite the challenges, there are tools and resources
available to help aid awareness and aid diagnosis

1. Azziz R, et al. J Clin Endocrinol Metab 2005;90:4650-8; 2. Escobar-Morreale HF, et al. Hum Reprod Update 2012;18(2):146—170; 3. Orfanos CE. Arch Arg Derm
1982;32(suppl 1):51-5; 4. Fauser BCIM, Tarlatzis BC, Rebar RW, et al. Fertil Steril 2012;97:28-38; 5. Yildiz, B. Best Pract Res Clin Endocrinol Metab 2006;20(2):167-

176; 6. Ekback MP et al. Dermatol. 2013;227:278-284; 7. Aktan et al. Int J Dermatol 2000;39:354-357; 8. Koo JYM & Smith LL. Pediatr Dermatol 1991;8:185-188; 9. 29
Stern RS. Dermatol 2000;43:1042-1048; 10. Kellet SC and Gawkrodger DJ. Br J Dermatol. 1999;140(2):273-82



Resources
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Tools and resources available to aid
awareness & diagnosis of AE

L’ﬁag‘gﬁu Essentials for safe practice and prescribing e
\ mrw.m;u.mmf’ in the management of androgen excess C h e c kI . sts e
I he Larnpan
Contraception

Wi Androgen Excass
Jenrnelnl

G s.expain | | @ 6. TREAT © 7.REFERIF & anu Scri S
What to oxplain? What to treat? When to refer? i pt
. — o cinical o . Susp;m.\ of anchogen secreting tumour agnosis of Polycystic R e p ro d uctive

of symptoms in simple, * hirsution, seberheasnd alopecia « Undiagnosed bleeding

example, severe axiety and/or depression
* Searring acne

« Fertility problems

Why?

* How the treatments work

atiantfocused R o rome (PCOS
e Symtansol b IE oy (Pcos) . Health Care

+ The need for a follow-up
plan

Why?

e i (Sl

revew [

= An androgen secreting tumour requires
urgent confirmation of disgnosis and

atians te confirm a diag The use of sinyl estradiol in Nc skin

* Increasing patient

knowledge helps to treatment same regardless of phenotyps symptoms - a review
empower patients'" * Menstrual dysfunction and imegular Rome®
+ To help patients w bleeding can have multiple, different Plansa nota: Use of these labaratory tests will be guided by local BT ledmrchaigt g
y? jogies; /s aneer cast conutraints according 1o clinical practica and bt ot o oimnd e Ot ey, K s W Uty G
importance of correct * Tohelp to improve the symptom-related quality of lfe and abnormalty should be excluded with use = gt
and consistent treatment, K of ultrasound (if available) " To confirm PCOS.
vsv;cmlly in long-term « To help reduce the risk of both reproductive and metabolic/ * Foreffective treatment of depression, N sbisorcs of varian morphoegy doos ot
conditions cardiovascular consequences associated with long-term androgen anxiety or :
N f:‘:f\y;"ﬂjfsiﬁ':ﬂ excess disorders®” mnrtrdnv due rusvmmoms of androgen To mnclude ather hyperandrogens:

often require long-term

. Seveve scarring acne requires specialist
treatment" 9 o ha

treatment from a dermatologist

* Referal for assisted reproduction
techniques and counselling may be
needed for women who stll have difficulty
‘concaiing dus to androgen excess

To avaluste amanarhes and
wacludu prognancy

e The Global
I Aware Group
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Female acne for
non-dermatologists

» ACne alfects between 50% and 95% of adolescents’
* Up Lo 40% of woimen are still affected In thelr mid-twentles®

« The development of acne & Infl ed by both 1]
and non-hormonal Tactors; in approximately 15% of wormen,
R is caused by androgen excess®

« Ache has a significant impact on quality of Rfess

Your patient, Camila

S ns -md!-n-nm f macerste 0 severe
o0 androge sertdly M o wkou

* 19yearsold

* Presents with moderate acne that
has failed to improve with topical
antibiotic treatment

* She tells you that her ache became
much WOrse a yedar ago

* She alsc tells you that she is tco
embarrassed to go out with her
friends because she feels miserable
about her skin

* Sheis tzking a combined oral

contraceptive {COC)

Alma of

Aims of this manual /| Interactive

T e = e Educational Manual
for the Treatment

of Acne

Mbarcropers &) an efiechive treatment. The globe
AVERE group ™ o peret of weperts working &0 eroure thet
RO mith andruEnn EEess recenen ppropnate cane
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Find further FREE educational materials from 'The Global AWARE Group' on the European Menopause & Andropause Society website: https://www.emas-online.org/nonemaseducationalmaterials



https://www.emas-online.org/nonemaseducationalmaterials/

Testing your knowledge @

1. Which of the following could be a non-hormonal
cause of acne?

Genetic predisposition
Medication use
Cosmetics

All of the above'

|0 W B

1. NHS choices. Acne — causes Available at: http://www.nhs.uk/Conditions/Acne/Pages/Causes.aspx (Last reviewed April 2016) 32



Testing your knowledge

)

2. What is SAHA syndrome?

A. SAHA —Skin, Acne, Hyperandrogenism, Alopecia

B. | Simultaneous presentation of seborrhea, acne, hirsutism
and alopecial?

C. SAHA - Serum, Androgens, Hair loss, Acne

D. Simultaneous presentation of specifically distributed
acne and hirsutism in androgen excess

1. Orfanos CE, et al. Horm Res. 2000;54:251-8; 2. Fauser BCJM, et al. Fertil Steril 2012;97:28-38 33



Testing your knowledge

)

3. In addition to androgen-secreting tumours which of
the following conditions can also cause androgen
excess

Polycystic ovary syndrome (PCOS)

Thyroid dysfunction

Non-classic congenital adrenal hyperplasia (NCAH)
.| All of the above!

olo ® »

1. Sirmans S and Pate KA. Clin Epidemiol 2014;6:1-13 34



4

Testing your knowledge

4. Why is early recognition and treatment of androgen
excess important?

A. Hyperandrogenic skin symptoms cause significant quality
of life and psychological impairment

B. Androgen excess due to biochemical hyperandrogenism
may have a long-term impact on general health

C. Androgen excess represents a significant health economic
burden

D. | All of the above1-6

1. Ekback MP, et al. Dermatology. 2013;227(3):278-84; 2. Gupta MA & Gupta AK. Br J Dermatol 1998;139(5):846-50; 3. Sawaya ME. Dermatologic Clinics
1997;15(1):37-43; 4. Yildiz, B. Best Practice Res Clin Endocrinol Metabol 2006;20(2):167—-176; 5. Fauser BCIM, et al. Fertil Steril. 2012;97:28-38; 6. Azziz R, et al. J 35

Clin Endocrinol Metab 2005;90:4650-8



Find The Global AWARE Group educational materials on the

European Menopause & Andropause Society website

https://www.emas-online.org/nonemaseducationalmaterials/

FREE resources to download

Your patient, Camila Q)

19 years old

t her skin

Af Mon EMAS educational materia

x  +

Presents with moderate acne that -
Tailed to improve with topical

has failed
* She tells you that her acne became E
much worse 3 year ago

* She also tells you that she is too
embarrassed to g0 out with her
friends because she feels miserable

antibiotic treatment

* Sheis taking a combined oral
contraceptive (COC)

&« C @ https;//www.emas-online.org/nonemaseducationalmaterials/
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The Global
Aware Group

Appropriate Care For Women
With Androgen Excess

The global AWARE (Appropriate care for Women with AndRogen Excess) group is a panel of
independent physicians with an expert interest in androgen excess. Their mission is to address
the unmet need in androgen excess to ensure that women receive appropriate care. Since its
formation in 2015, the AWARE group and its ongoing work is supported by Bayer. The group
have created a number of useful resources that are available to download below. These
resources aim to support healthcare professionals in the recognition, diagnosis and appropriate
treatment of androgen excess. You may want to use these materials to support discussions with

colleagues, for example, in a workshop setting.

the bieeding problems in the past
* Meill mentions that she and her
partnes would like to have a baby at
same point in the future but she read
somewhere that irregular periods may

provont her from gotting pregnant
Female acne for
non-dermatologists

A practical educational manual

(]

Polycystic ovary syndrome
affects upto 1in 6 women of
reproductive age

androgen ex
= 5 paychon

The AWARE group is a panel of independent physicians with an expert interest in androgen excess in
women. Formation of the AWARE group and its ongoing work is supported and funded by Bayer AG.
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