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Hou et al, Cancer Letters, 2021 Armandari et al, Prost Int, 2014
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Steroidogenesis in men with .o O il
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Androgen Estrogen Q}@
Receptor Receptor &
Steroid Steroid 6\
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\ A 0\ ——
ion

N - Transcription
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SRE

AR monomers primarily

in the zytoplasm

SRE

ER monomers primarily
in the nucleus

Levin & Hammes, Nat Rev Mol Cell Biol, 2016
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B Steroid receptors superfamily sngqa‘l’ﬁ ng
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S
Androgen Estrogen Q}@
Receptor Receptor NS
Steroid Steroid 6\ GFR AorP-3
(GCor A) (L(E) K&O eé' %ARMPR
o IIVﬂtlon
C)’tOplasm é\OQ l E\It;ﬁ'(:ct [ Caveolln 1 = Enhenced
.\9 ‘ signalling(
) g N ( .®-
é}  [ecamp ) l
AR or GR - Q " CGMP = |
v RO
m ) Part of the signalosome:
é\e * Interaction with G protein,

Necieus O kinases
* Interaction with growth

Co- regulators é\ 1Co regulators

v factor receptors
+f= Trans uon +/- Transcription * Association with other
}{ y)\Jy steroid receptors
SRE
~ 5% of steroid receptors

ER monomers primarily
in the nucleus

AR monomers primarily
at plasma membrane

in the zytoplasm

Levin & Hammes, Nat Rev Mol Cell Biol, 2016
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= What are sources of sex hormo e%o.
0*0
N
Breast cancer Prog?a?te cancer
Estrogen s\\&%‘ndrogens
Premenopausal Castfﬁ%\e-responsive disease
* Ovaries . <?Jdi‘\esticles
* Peripheral tissues O\\}-Q Adrenal glands
(by aromatase) &
xQ
Postmenopausal . 6\@0 Castrate-resistant disease
* Peripheral tissuegxé\ * Adrenal glands
(by aromatas\e\’c};\q’ * Prostate cancer
S
&
QO
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Two Principles in Endocrine Therapy of<€ancers: Hormone

Deprival and Hormone Ir\&{?ference‘
.\Oﬁ\
CHArLEs Hua c)s
(The Ben May Laboratory for Cancer Research, Um'@}u'ly of Chicago, Chicago, Illinois)
SL@ARY
Hormones, or synthetic substanc erting physiologic effects similar thereto, are

of crucial significance for growth hormone-dependent cancers of man and the
animals. Two opposite sorts hange of the hormonal status can induce regres-
sion of such cancers: (a) depriyation of essential hormones; (b) hormone interference
X0
&
Cancer Rssﬂar@i} Vol. 25, August 1965
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Almost 60 years ago... <«
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Two Principles in Endocrine Therapy oﬁseancers' Hormone
Deprival and Hormone Iq&rference
900
CHARLES HugdmNs
(The Ben May Laboratory for Cancer Research, Um'@‘n’ly of Chicago, Chicago, Illinois)

SL@ARY

Hormones, or synthetic substan erting physiologic effects similar thereto, are
of crucial significance for growth hormone-dependent cancers of man and the
animals. Two opposite sorts hange of the hormonal status can induce regres-
sion of such cancers: (a) depxiyation of essential hormones; (b) hormone interference
N
w9

Cancer Rﬂsearogli? Vol. 25, August 1965

Blockage/

Deprivz! of sex
Hormones degradation of

receptors

\edMNI@ care
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] How does ET work? <
0‘0
\\'Q
Breast cancer Qlfatbstate cancer
i LHRH analogues/Ovariectomy L ﬁanalogues/antagonists or
Deprival of
h * onlyin premenopausal w.  «Qrchiectomy
sex normones \O{\
Inhibition of aromatase  ~&°  Inhibition of CYP 17A
$
(CYP19A1) o * Abiraterone acetate (2nd
* Aromatase inhibitqyssQ gen.)
(anastrazole, Ie@?ole,
exemestane
S |
BIockage/ Antlestrogg&@@ | Antlandrogel?s
DEaEREfeT Tamo&i’én (Selective  Apalutamide (2nd gen.)
ezl Estrogen Receptor * Enzalutamid (2nd gen.)
of hormone . D@g’dulator-SERM) * Darolutamide (2nd gen.)
receptors \;fQ\\cﬁulvestrant (Selective

\6 Estrogen Receptor
O
S Downregulator - SERD)
O
Q
\ed'MNNI@® c5/¢
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] LHRH analogues and antagoniggt%’O

GNRH agonists 0&00&
Gosereline @’&
Leuproreling™®

Triptor&ﬁﬁ%

\
Anterior \'@
pituitary gland

agonist

Initial overstimulation of G R@

receptorsleadstoa&@heinm e .
andtestosteron?\pi) Can preserve fertility in
Lt L B women with breast cancer

insu sion of testosterone . .
s undergoing adjuvant ChT

Prostate
gland

Melloni et al, CardioOnco, 20220
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] LHRH analogues and antagonists

GNnRH agonists GnRH anta@'@ts
)

N Degarelix
Relugolix
N [
Hypothalamus @ O i
[
Anterior Anterior
pituitary gland .\ pituitary gland
1, LH Initial overstimulation of GnRH ) Pt GNRG blockers have an
_ receptors leads to an increase in D&Q immediate onset of action,
Testis and testosterone production Testis preventing gonadotrophin

release through receptor

Chronic administration Iy blockade, leading to rapid
leads to suppressic ' resulting 3 suppression of LH and
in suppression of terone testosterone

Testosterone

Prostate
gland

X .
Castrate lévVel of testosterone: < 1.7 nmol/I (< 50 ng/dl) (a more appropriate
level @9nich is in accordance with surgical castration should be defined

as <20 ng/dL (1 nmol/L
J ( ) Melloni et al, CardioOnco, 20220



Can LHRH analogues fail? O&@O
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SOFT-EST substudy
N=83 (Triptorelin+Exemestane) S

\
&
QQJ
E2 threshold O&'
I c2>22 pgamL.\('Q
50 4 E2 = 1D pn-'mL@
| @u
@\*\
25 4 I 6\
01 I G?

n=s B3
0 3 6\) 6 2 Mo
E2>2.72 pg/ml at 12 mo: 17%

e |
n
1

Percentage of Patients With
E2 Greater Than Threshold

E2 > 20 pg/ml: 8%
Bellet et al, JCO, 2016
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] Can LHRH analogues fail? <«
Q)

S
&
SOFT-EST substudy \\@’&
N=83 (Triptorelin+Exemestane) CIC CTG PR.7
HR Free Survival: & on Median of 1st Year Testosterone Levels
100 | N QO 0.7<Testo<1.7
N : ettt -
\%
80.{@

75

1 E2 threshold 9\"}
I c2>22 pg.rmL.\"Q e 60
E2 = 10 pg/mL 8
50 — q &
. E2>20 @‘“ o 40
O
N
S 201 LogRank p=0.0092
Q) HR (95% C.L): 0.7<Testo<1.7/Testo<=0.7; 1.41(1.07,1.84)
N \QJ I Testo>=17/esto<=0.7: 1.91(1.11,3.29)
o Wm n | 0
n= B3 57 O . :
L
0

Q5 0 2 4 6 8 10 12
3 QY 6

E2>2.72 pg/ml at 12 mo: 17%

Percentage of Patients With
E2 Greater Than Threshold

Testost. 2 1.7 nmol/L: 4.9%

E2 > 20 pg/ml: 8% 0.7 nmol/l < Test. < 1.7 nmol/l: 37.6%

Bellet et al, JCO, 2016 Klozt et al, J Urol, 2014
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= How do Als work?  ©
O\
$
>
. Aromathe CYP19A1l or
Androstenedione Testosterone \. .
estrogénic synthetase is
Peripheral tissues (subcutaneous % o
fat, liver, muscle, or brain) re@ nS|b|e fOf the
N\ . .
Aromatase e AOTEESS ____ L\ e -afomatization of androgens to
Q QQ,\ estrogens
Estrone ~$\
O
Estradio N\ « Concentrations of estrogen

much higher in peripheral
tissues than in the circulation

— Circulating levels reflect
) rather than direct estrogen
\\ Estrogen receptor . )
smsx«&a%u action in postmenopausal
Q women and in men

Smith and Dowsett, NEJM, 2003
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-‘ Why Als alone are not effectlve%o G
in premenopausal women?o

v‘&
AN
B it 2  In thetal cells cholesterol is
L.J FSH receptor li): g p “\ CQﬁﬁertEd tO androgenS,
: sgranulosa cells convert
| | Qf\ androgens to estrogens
.......... ]
-------------
- Sk » Without ovarian
"""""""" supression compensatory
¥ ’ s physiological responses
aromatase A A 1 1
bsent | 3 induce ovarian oestrogen
3 - production
Thecal cells Granulosa cells

J Estrogen -> I LH and FSH - 9 Estrogen

Islam et al, Women Health, 2022



Adjuvant Aromatase Inhibitors for Early Breast Cancer After

Chemotherapy-Induced Amenorrhoea: Caution agpgl)
Suggested Guidelines S A

©
N\
~N ALERT

%Z
e 45 wome@\\%f median age 47
yrs (390-%% yrs) with ER+ early
. 0 o
BC and ChT-induced
%ﬁf\enorhea treated with Als

e 12 (27%) women showed a

| T\ return of ovarian function,
median age 44 yrs (40-50 yrs)
10 renewed menses

* 1 pregnancy

e 1 Biochemically premenopausal

nin
\eAMNNG@® 5/ Smith IE et al, JCO, 2006
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n Definition of menopause <~
)
\
§O
* Prior bilateral oophorectomy ,@efz’
* Age 260 years @0
o
* Age <60 years &

— With amenorrhea for 212 ((r\mths in the absence of prior

ChT, receipt of tamoxifen;ovarian supresssion and
estradiol and FSH in tlgé(\postmenopausal range

— ChT induced amen\g?qr’hea for 212 months with FSH and
estradiol in the gé}stmenopausal range on serial
assessments o

<&
— On tamox'@é’yh and with FSH and estradiol in the

postme@tf?pausal range
> National
Comprehensive
WO\l Cancer
Network®

QO

QO

\eMNI® c5re
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. How does abiraterone acetate WQ??(?
’&
O
N
>
o Q= = =
| > é@ﬁdmia I
| e & ypertension |
l —60 Fluid overload |
5 Suppression of Renin l
orenbll Q !
Positive drive o Negative feedback I
Pregnenolone ‘@cfom Tx 1&%@» Aldosterone 1: 15 l
-y |
N @ l
170H-Pregnenolone —» 11-doo sol tx 4— Cortisol 1 O822I S ¥ M S -
O
i 5\@\& " A_
Tm 1 < 1 ng/di

W Estradiol " | <s0pgd

Attard et al, J Clin Oncol, 2008



When to test for sex hormone R

)
- receptors? N
O&
S
Breast cancer
ER and PR
Early Always Q}&\ ever
&Q
Q
§\
Metastatic At least or\c,@ in Optional when smalli
metast@& setting cell/neuroendocrine
o‘ prostate cancer suspected
(5@
’\\C)
6\\9 .
& \edMNI® care
QO

Cardoso et al, Ann Oncol, 2020 Gillesen et al, Eur Urol, 2019



Estrogen and Progesterone Receptor Tesfing In
Breast Cancer: ASCO/CAP Guideline Update

\Q
. . . ’0& .
* ERtesting and assessment by validated.dimmunochemistry
(IHC) testing ,\\&Q
— Adequate sample c}o{\

— Preanalytical requirements met \(6\6

— External and internal controls&QQJ

* Breast cancer samples ar
— POSITIVE: 1% to 100% o&&umor nuclei reactive
* LOW POSITIVE:Q.;&i%% of tumor nuclei reactive
— NEGATIVE: <1% Qg&%% of tumor cell nuclei reactive

* PR testingis L\Lgéga primarily for prognostic purposes

X
o
Q
O
Q :
\edMNING@® c5/c Allison et al, JCO, 2022
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] O
When to use ET in breast cancgff?

AN
O
F
, , ) N
+ Ovarian Function Suppression > De novo M1
J (endocrine
ET + CDK 4/6 inhibitors responsive)

Adjuvant ET for 5-10 yrs ET + mTOR inhibitor

* Tamoxifen ET + PI3KCA inhibfior
e Als

M1 disease M1 disease

Early disease . : Endocrine resistant
Endocrine responsive

When visceral crisis
use ChT upfront

Presence of visceral mets #
visceral crisis —

Y Y
3-4 yrs 1-2 yrs
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Breast cancer mortality (%; £15E)

5 yrs of tamoxifen is much better than nil

(and better than 1 or 2 yrs of tamoxifen)

Breast cancer mortality

=

10645 women

o O

How long is long enough? Ogo@

NS
-9 years: RR0-97 (0-79-1-18)
210 years: RR 071 (0-58-0-88)
Q All years: log-rank p=0.01

10 yrs of tar:oxifen is better than

L yrs of tamoxifen

S
Control ‘QO
ontn .
331% ’\\' -
St
s
O s years i
6 tamoxifen
15-0%
12:2%
’\\0 RR 070 (95% C1 0-64-0.75) 6-0%
Q Log-rank 2p<0-00001 G.8%
60 15-year gain 9-2% (SE1.0)
5 QO\' 10 15 y‘eafs 0 g 1‘0 l'S
%Q (Diagnosis) (ATLAS (| A (10 years
entry) tre' t) since entry)

EBCTCG, Lancet, 1998

ONKOLOSKI
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: o
What is carryover effect? O&@

O\
Recurrence O
10645 women (100% ER positive, 44% node positive, 51% é}h'é'nothe rapy)
20 Eontrol
46-2%
40+
9
W 33-0%
£ 304 =5 years
g tamoxifen
g
=
g
o 20 <
10
RR 0-61 (95% Cl 0-57-0-65)
Log-rank 2p<0-00001
@ 15-year gain 13-2% (SE 1-1)
Q§ 0 5 10 15 }rlears.
QO Recurrence rates (% per year) and log-rank analyses

ONKOLOSKI
N

O s

LJUBLJANA

EBCTCG, Lancet, 2011
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Localized
cancer
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From early to advanced .o OB

Q/@
prostate cancer &&

\Q

N
&
$
(\K& De novo M1
& (castrate sensitive)

PSA | |
relapse Metastatic (M1) Metastatic (M1)

(MO) | (castrate

castrate sensitive)
sensitive

(castrate resist.)
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- AR signalling in prostate cancer:o O ki,
a tale that never ends .¢

De novo local
synthesis

: of androgens
\°

i N
B

- Upregulated
nuclear
coactivators

Nicalutamide
rogestins
60 e Proliferation
QO\ b Mutated AR antiapoptotic effect
O
arnin )
\© Q@ Care Seruga et al, Nat Rev Clin Oncol, 2011
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When to use ET in prostate cange?

<
S
&

ADT (Androgen Deprivation Therapy)

%1%

Radioterapy + De novo M1

* ADTor 2nd gen. (castrate sensitive)
* ADT+ Abiraterone antiandrogens

PSA
relapse Metastatic (M1) Metastatic (M1)

Localized (MO)

cancer (castrate (castrate resist.)

castrate sensitive)
sensitive 2nd gen.

antiandrogens
\ PSA relapse MO
Adjuvant ADT after
SRG : no consensus .
2nd gen.
antiandrogen

QO(\ \ ' J \ ' J
8 yrs 3-6 yrs




Univerza v Ljubljani

e O P%oém
i . %O L?L!BL]AN&
Bipolar Androgen Therapy <«
270079 é
O&
&
>
Pre-Treatment <
“Bipolar Andrg\E‘En Therapy (BAT)”
5\\0 Supraphysiologic
- O R T-Levels
T >1500 ) S \
E g
E \(Q
1200 <
§ o
@ 1000 Rapid Cycling
§ @%{'\ Between
L] 2 | Polar Extremes
Post Cycle 3 ‘ \@ -
St
g 200 Castrate
’._"', T-Levels
0
* 20 T 40 ﬁo 80 100 120
Testosterone Injections
(400 mg/month)

Denmeade et al, The Prostate, 2022
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What are consequences of the , ("
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deprivation of sex hormones.®

\\
®O

>
* Hot flashes Q,

. Musculo::.\lgér etal
— Osteoporosis
— ig@copenla (sarcopenic obesity)
. qu%ial
\Q@— Erectile dysfunction, loss of libido,
O gynecomastia, thining of body hair

O
N Vaginal dryness
* Metabolic
— weight gain, hyperlipidemia,
diabetes

e Cardiovascular
— Ischemic heart disease

* Neurocognitive
— Depression, memory loss
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Toxicity of tamoxifen and Als<”
O
Y
 Tamoxifen | Al
Hot flashes Hot qus(Q’ég
Night sweats nghg@veats
Loss of libido &2\6‘3 of libido
Vaginal dryness J ginal dryness
\
Venous thrombembolisms . \\0\\" Ischemic heart disease
Ischemic stroke \\,}@,S
Uterine cancer .&Q Joint pain
&> :

o\ Muscle pain

Hypertriglicerige’%\nia Hypercholesterolemia
6\\»
(\6\ Loss of bone mineral density

O
Q Bone fractures
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Intensification of ET in 3
premenopausal patients wit\\IyBC

N=5648* Tamoxifen (%) | Tamoxifen + OS  EXemestane + OS (%)

| B |
R N |

Hot flashes 80.4 .
Insomnia 46.8 59.3 t
Q
Thrombosis/ 2.2 1.2 l
Embolism
Fracture 5.3 .4 7.7 tt
>
o

Vaginal 42.4 53.7 tt
d N

rynes L t
Diabetes o 2.0 3.1

*All grades t@acities; OS: Ovarian Supression
Francis et al, NEJM, 2018
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Inhibitors of the AR 5|gnaII|n§<o
S
Apalutamide,Enzalutamide Abiraterone acetate
Darolutamide
Fatigue ng%kalemia
Falls and fractures <> Fluid overload
&
Arterial hypertension ,®&® Hepatotoxicity
&
Seizures 9
58
Y
Ischemic hear‘g\gnd

cerbrovas%u%r disease



Factors influencing five-year adherence to adjuvant endqgf%e therapy

in breast cancer patients: A systematic review QO«O
>
o

* 26 studies were included into the systematic
review O

* Mean rate of adherence afflve-year was 66.2%

\\(\o

&\
* Older age, younge\p\ége higher co-morbidity index,
depression an%\é\dverse effects were associated
with lower Q&\erence

O »
Q \'earnlng @ care Yussof et al, Breast, 2022
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—~ How can we prevent or mltlgat%o O i,

toxicity of ET? \o*
O
N
: ¥
* Do not overtreat with ET S
\O{\\
6(9
e Use alternative regimens QfQET (if available)
* e.g.intermittent ET \(\o&
&
&@
: W
* Manage toxic efge‘Ets of ET
(55@
&Q
QOQ

\edMNg@ c5/c
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B Intermittent ADT in adva nced@o Din
1%l10% \
prostate cancer 0&0
N
’0‘
v‘&
Hazard Gé\ Hazard Ratio

Study or Subgroup Sample Size Weight, % IV, Randonp95% ClI IV, Random, 95% ClI

daSilva (2011) 626 224 1 04 (0810 1.24) =T . W

Hussain (2012) 1,535 35.5 295 to 1.25) -+

Crook (2012) 1,386 24.3 0 8610 1.21) p—.

Sulunen (2012) 554 17.9 ‘QQ” (0.71 W 1.06) —_—

Total (95% Cl) 100. 0 1.02 (0.93 to 1.11) 4>

Heterogeneity: 3y’ = 3.35,df = 3 (P=.34); I =Q§ - v ! Y Y
Test for overall effect: Z = 0.42 (P = .67) \Q} 0.5 0.7 1.0 1.5 20
\Q\‘r Favors IAD Favors CAD
\\
X
6\6

When ADT is pacrly tolerated intermittent ADT is a treatment

opticn in men with advanced prostate cancer

\eaning@ ¢, Niraula et al, JCO, 2013
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= Aerobic and resistance training’
)

\\
O

\)\{'Q

(o

2
«" Fatigue/Hot
flushes

 Bone loss
* Sarcopenia
* Depression

e (Cardiovascular
health
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side-effects of adjuvant endocrine therapy in patlQﬁ’ts with

O
breast cancer S
&
Maria Alice Franzoi, Elisa Agostinetto, Marta Perachino, Lucia Del Mastro, Evandro de Azambuja, Ines Vaz;@é Ann H Partridge, Matteo Lambertini
Jf Probably efficaciows {data from RCTs) W+ Might be efficacious (d rom RCTs with smaller samples)
+  Could be effective (single-arm studies) Mo sufficient data for, ast CANCEer SUrmeors
%
Hot Sexual s\\h"-lzi-ght Musculo- Fatiguwe
flashes dysfunction gain skeletal
.\C> syrmptoms
i)
S55Rls and SMRIs AN
e
N\
Anticonvulsants Q .-
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Be curious, ask questions and share whal you larn.

ASK. LEARN. SHARE.

mike-taylor.org






