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' Cushing’s syndrome o

* Rare (2-3 / Mio / Year), but possible much
more frequent

- Female sex preponderance (3-4:1)

- Age 20-50 yrs

e Case XLV Minnie G. at the time of her first consultation with
Cushing in 1910. Cushing H: The Pituitary Body and its
Disorders. Philadelphia: JB Lippincott, 1912.

1910. 23-year-old “young woman of extraordinary appearance with reduced
height of 4 foot 9 inches (ie, 1-45 m), round face, hypertrichosis, thin skKin,
increased adipose tissue, and linea atophica over the abdomen, deep
brownish-purple in colour” - “A somewhat bizarre polyglandular syndrome”

1958: Death due to arteriosclerotic heart disease (no mentioning of Cushing’s syndrome)
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Case Report: 17 year old female

Passionate soccer player
* Youth national team player

« Stops growing (compared to twin sister, who grows

additional 6 cm)

» Gains weigth despite regular high intensity socc.er training

« Falls more and more back with her max. sprinting speed

14 yrs
-




'Case Report: 17 year old female

« Passionate soccer player

* Youth national team player

» Stops growing (compared to twin sister, who grows
additional 6 cm)

« Gains weigth despite regular high intensity soccer training

« Falls more and more back with her max. sprinting speed

14 yrs 15.5 yrs
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Case Report

* Progressive symptoms over 2 years (now at age 17)
 New: secondary amenorrhea and easy bruising

» Multiple consultions with Pediatrician => Endocrinologist




Mean time to diagnosis remains constant over

7 decades: 37 month in 5.367 patients

Time to diagnosis acmrding to year of diagnosis (only pit CS)

Study M ! Weight Mean({95% CI)
Walbaurn 1969 a7 ._|_._. - 3% 42 [28, 57|
MeArthur 1979 27 com 4% 41 [32, 49|
Hotia 1985 5 —_— 3% 40[17, 63
Sandler 1987 51 ——— 4%, 55 [45, 65]
Magiakou 1994 (<18y) 10 - 4% 46 [31, 60]
Bochicchio 1995 868 Pom 5% 53 [53, 53]
Magiakou 1997 (<18y) 23 - 4% 27 [21,33]
Massoud 1997 (<18y) 12 v - < the year 2000 4% 32 (24, 41]
Robyn 1997 (<18y) & omb 3% 31186, 46]
Irwvilhi 1998 288 | ; 8% 29 (29, 29|
Sevais 1998 (macroadenoma) 10 - ! 4% 8[4.13]
Sevais 1998 (microadenoma) 11 HEH i 4% 1812, 24)
Losa 2018 199 ! —— 4% 67 [58, 75

<2000 - _ 37 [28. 46
Flitsch 2000 19 : N 3% 65 [42, B8]
Faggiano 2003 25 - n.s. 4% 44 [32, 55
Valassi 2011 201 - 4% 35 [31,39]
Zilio 2014 84 HH | 4% 29 [24, 34]
Kreitschmann 2015 176 = 4% 46 [37, 54|
Zielinski 2015 10 —.— | 4%, 20(11, 30]
Geer 2015 a0 —— = > the year 2000 4., 3226 s0)
Johnston 2017 101 - 4% 26 [22, 30
Dogansen 2018 17 - 4% 29[23, 35
Elenkova 2018 144 HEH 4% 31 [25, 36)
Losa 2018 4285 P 4% 51 [47, 55
Rubinstein 2018 122 Lo 4% 52 [44, 60)

=2000 - 37 [31, 44]
RE Model (group difference p=0.92) + . 100%%: 37 [32, 43]

||||;||||||1
o 20 ko so s 100  Mean time: 37 (<2000) and 37 (>2000) month in adults
Mean time: 33 month in pediatric patients
Mean (month) |

Rubinstein G et al., JCEM 2020:105 dgz136



Stick to Recommendations of ES Guidelines 2008!

Lead symptoms of 377 consecutive patients evaluated for Cushing’s
syndrome in LMU Pituitary Center of Excellence since 2012

Multiple symptoms OR 18.0

Myopathy OR 6.0 ‘ ’

( Osteoporosis OR 38
Q’ Metabolic syndrome OR. 2.7
-«

> ? Adrenal adenoma OR 2.4

Obesity OR. 01

Figure partly created with BioRender.com

Braun et al. Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 9




Symptoms in patients with Cushing’s syndrome

can be mild!
Prospective data of LMU Pituitary Center; n=129; 2012-2020

Table: Number of clinical signs

. Pituitary Adrenal CS | Ectopic CS | All
Hair loss 27% =
atients
Acne: 15% ok
Round face: 67%

Plethora, facial fullness 59%

Dorsocervical fat pads

Hirsutism 32%
Purple striae 16% —
(=1 cm width)

Pergment skin 34%

Easy bruising, ecchymosis 45%

Proximal myopathy 38%
Median
Edema 36%
— and

Braun et al. European Journal of Endocrinology Oktober 2024



Comorbidities of patients with Cushing’s syndroms lead

to increased mortality: Timely diagnosis is key!

Cognitive impairment’ ®

Immunodeficiency'?
+ Opportunistic infections

Metabolic disorders??
« Obesity

Elevated fasting glucose
Diabetes

Dyslipidaemia

Hepatic steatosis

Hypercoagulopathy/

haemostatic abnormalities’?g
« Venous thromboembolism
« Easy bruising

Autoimmune disorders?
* Thyroiditis
+ Sjoégren’s syndrome

Cl, confidence interval; HRQoL, health-related quality of life

3 o, Anxiety

Neuropsychiatric dysfunction?
+ Depression * Psychosis
* Insomnia

Cardiovascular disease'?
* Hypertension

» Myocardial infarction

« Stroke

« Peripheral artery disease

+ Hypokalaemia

Dermatological manifestations??
« Acne * Purple striae
+ Hirsutism + Skin thinning
» Poor wound healing

e

Reproductive manifestations’
® - Infertility

» Sexual dysfunction
* Menstrual dysfunction

Musculoskeletal disorders'?

® - Myopathy
« Osteoporosis

1. Fleseriu M et al. Nat Rev Endocrinol 2023;19:581-99; 2. Gadelha M et al. Lancet 2023:402:2237-52;

Impaired HRQoL )

Increased mortality

and morbidity'24

- Standardised
mortality ratio of 3.0
(95% CI: 2.3-3.9)%




Hypercortisolism is associated with increased LT KLINIKUM

morbidity and mortality

g Risk of mortality
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Increased risk of mortality is Comorbidities should
related to the persistence of be actl\(ely trga.ted to
comorbidities such as alleviate cl;l;lcal
hypertension and diabetes!:? burden?

1. Braun L et al. J Neuroendocrinol 2022;e13113; 2. Pivonello R et al. Lancet Diabetes Endocrinol 2016;4:611-29;
3. Fleseriu M et al. Lancet Diabetes Endocrinol 2021;9:847-75



' Cushing's syndrome: Evaluation TN KLINIKUM

Figure 2. Algorithm for the Diagnosis of Cushing Syndrome

| Clinical suspicion of Cushing syndrome
v

( Glucocorticoid use? }YES > Exogenous Cushing syndrome
|

Reincke&Fleseriu, JAMA 2023

NO

v
Biochemical testing
2-3 samples recommended due to intrapatient variability in consecutive samples: Cave: upto1l 8% of all cases
« 24-hour urinary free cortisol test With confi rmed CS are CYC"C
« Late-night salivary cortisol measurement
« 1-mg overnight dexamethasone test (DST)

L Abnormal results J Llnconclusive nesults) L Normal results J—»
.

" Second-line testing
If high clinical suspicion with normal
or discordant results on multiple tests

« Desmopressin stimulation test

« Combined 2-day DST-corticotropin releasing
hormone stimulation test

« Consider referral to specialty center

ruled out® i
[ Aonomatresuts | [ Nomatresuts |—— (NG L T

Y i

Biodmiauy confirmed Cnﬂing syndrome

« Morning plasma corticotropin test

Corticotropin-independent Cushing syndrome

L >20 pg/mL J L <10 pg/mL or 10-20 pg/mL® I ) Adrenal adenoma

Primary bilateral adrenal hyperplasia
l Adrenal carcinoma
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yclic Cushing’s syndrome: Number of peaks and peak frequencies
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Patients per cycle category (n)
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Peaks per year of observation
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**submitted

Adr Oct

Less than 5 cycles per year

*Elisabeth. Nowak, et al. Lancet D&§ 2023, **Elisabeth Nowak et al, submitted




'Case Report

Progressive symptoms over 2 years (now at age 18)
New: secondary amenorrhea and easy bruising
Pediatrician => Endocrinologist => Neurosurgeon '
1 mg Dexamethason-Test: Cortisol 9.0 ug/dl (ULN < 1.8)
« UFC: 444 ug/day (ULN <83)
« Late-nigth salivary cortisol 7.3 ng/ml (ULN < 1.7)




' Endogenous hypercortisolism

Ectopic $on oad
Cushing’s disease Cushing’s Adresnal:gg:snhemg >
(60-70%) syndrome b
(6-10%) (20-30%)
Corticotroph -
tumour . \,\{‘c" -
( 2N ‘ :0?51’;?"

’\‘& S 1 verpissic
. ACTH AT ‘\

i ’A Adrenal
, A N ¢ =) tumour
WD Adrenal / _A \)
hyperplasia o
Cortisol
Cortisol

Cortisol

Plasma ACTH: HIGH VERY HIGH SUPPRESSED



' Cushing's syndrome: Causes and Prevalences

0-5°/° 0.2./°
0.5%

» Cushing disease
0.6% = Cortiscl producing adenoma
= Adrenocortical carcinoma
PBMAH
" 0.2% .PPNAD
» Occult ECS
Carcinoids and other lung tumer
Mediastinal tumors
» Thyroid tumors

2%

= Thymus carcinoids
NET of Pancreas
= Other

Combined data on 2264 patients in the prospective ERCUSYN registry in Europe (n=480; 2000-2010),° a retrospective series in
Reincke M &Fleseriu M, JAMA 2023 Beijing, China (n=1636, 2008-2017), and the prospective Munich Cushing Registry (n=148; 2012-2019) (personal data).



’ Cushing's syndrome: Subtypes over life-time

L ‘0
..0 0..‘
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'Case Report

Progressive symptoms over 2 years (now at age 18)
New: Secondary amenorrhea and easy bruising
Pediatrician => Endocrinologist => Neurosurgeon

1 mg Dexamethason-Test: Cortisol 9.0 ug/dl (ULN < 1.8)
UFC: 444 ug/day (ULN <83)

Late-nigth salivary cortisol 7.3 ng/ml (ULN < 1.7)

« Plasma ACTH 77 pg/ml (10-50)
o
* Pituitary MRI : 4 mm lesion

14 yrs




Algorithm for diagnosis of Cushing’s syndrome aetiologies

. - -

ACTH <10 pg/mL ACTH >20 pg/mL ACTH 10-20 pg/mL.
Primary adrenal disorder ¢ ¢ ‘
(adrenal Cushing’s syndrome [€— Adrenalimaging Pituitary MRI Repeat, more likely pitvitary
confirmed)
v v v
Lesion =10 mm Lesion 6-9 mm No lesion or lesion <6 mm
¢ ¢ ‘ High dose dexamethasone
Cushing's disease confirmed Controversial, more likely pituvitary BIPSS - P ;‘;’:ﬁ:;sr:’s:':z:;s sti’:i;?f:SS is

not available®

Central:periphery
ratio =2 baseline or =3 after
stimulation

Yes

Cushing’s disease confirmed EAS investigation

Whole body imaging (CT or MRI); functional imaging

Moniica Gadelha et al., Lancet 2023, 402, 2237



Transsphenoidal Pituitary Surgery: Outcomes M union

Mumber  Total number Patients

of studies  of palients  in remission Mean (95% CI)
(n) {n) (n)

Any evaluation type ag 4410 3442 4 TB.O (T5.4-B0.7)

All biochemical evaluations 22 2614 2014 r—ﬁ—c Tr0(T3.7-80.4)
Serum corlisol 8 596 468 l—:h—< T8.5(71.4-85.6)
UFC 1 40 32 o 80.0 (52.3-107.7)
LDDST 1 369 280 b—.;'—i 75.9 (67.0-B4.8)
Serum cortisol+UFC 5 1030 792 »—ql—| 769 (71.5-82.2)
Serum corlisol+LDDST 1 a4 63 b #: 75.0 (56.5-93.5)
Serum corlisol+UFC+LDDST 6 495 379 n—'l:—- 76.6 (68.9-84.3)

All clinical and biochemical evaluations 16 1796 1428 HE.—- 79.5(75.4-83.6)
Sarum corlisol 1 40 3z ill 80.0 (52.3=-107.7y
UFC 4 539 458 s 85.0 (77.2-92.8)
LDDST 2 729 568 l—ql—' 76.5 (T0.2-B2.9)
UFC+LDDST 3 264 205 + T7.7 (67.0-88.3)
Serum cortisol+UFC 3 a7 84 : B6.6 (68.1-105.1
Serum cortisol+LDDST 2 48 40 e 87.5 (61.0-1 14.0]
Serum cortisol+UFC+LDDST 1 79 51 .~ . 64.6 (46.8-82.3)

0 ' ' ' 78.0 100

Remission rate (%)

Stephan Petersenn, et al. Eur J Endocrinol 2015;172:R227-R239



Transsphenoidal Pituitary Surgery: Outcomes

Number  Total number Patients
of studies  of patients  in remission

(n) (n) {n)
Any evaluation type 38 4410 3442 4
All biochemical evaluations 22 2614 2014 »-‘-'
Serum corlisol 8 596 468 '_E’_'
UFC 1 40 32 ‘o
LDDST 1 369 280 -—0§—~

cumener - Remission (42.0-96.6%; median,
77.9%) Recurrence (0-47.4%; median,

Serum cortisol+UFC

———————— 0

All clinical and biochemica 1 1 * 5 /0) _

Serum cortisol 1 40 32 §.

f;;ST At least 34% of patients need secondary

treatment options

UFC+LDDST

Serum cortiso+UFC 3 97 84 e

Serum cortisol+LDDST 2 a8 40 i e

Serum cortisol+UFC+LDDST 1 79 51 L 4 f

0 ' ' ' 78.0 100

Remission rate (%)

Mean (95% CI)

78.0 (75.4-80.7)

77.0 (73.7-80.4)
78.5 (71.4-85.6)
80.0 (52.3-107.7),
75.9 (67.0-84.8)
76.9 (71.5-82.2)
75.0 (56.5-93.5)

766 (689-04)
79.5 (75.4-83.6)
80.0 (52.3-107.7),
85.0 (77.2-92.8)
76.5 (70.2-82.9)
77.7 (67.0-88.3)
86.6 (68.1-105.1
87.5 (61.0-114.0

64.6 (46.8-82.3)

Stephan Petersenn, et al. Eur J Endocrinol 2015;172:R227-R239
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KLINIKUM

Typical problems of MRI interpretation in Cushing‘s disease

Pituitary stalk sligthly
deviated to the left
- Rigth adenoma?

a

s Pituitary has more volume on left
side then rigth side
- Left adenoma?




' Molecular Imaging in ACTH-dependent Cushing’s syndrome: NZUY

[""C]methionine-PET/CT

oy
s

9

Koulouri O, ..., Gurnell M. Eur J Endocrinol. 2015 Oct;173:M107-20.

Accuracy and Value of CXCR4-targeted PET/MRI Using *®Ga-Pentixafor for
Tumor Localization in Cushing Disease

[(8Ga]Pentixafor-PETCT

Prospective study of 43 participants with
Cushing disease

« “Ga-pentixafor PET/MRI had 93%
sensitivity in localizing 38 of 41 ACTH-
secreting pituitary tumors.

*  The SUV,,, was higher in ACTH-secreting
pituitary tumor than in normal pituitary
tissue (3.9 vs 1.3).

W You and WA Yandel ot 3. Publinhed: Decomber 17, 2004 .
Mrps//dol org/ 10 1168/ radiol 23469 l{‘ N II( )I( )u\

Rama W, et al. J Clin Endocrinol Metab. 2021 Mar 25;106

['®F]FET-PET/MRI

Pruis IJ et al. J Nucl Med. 2024:65:688-692



Our own LMU expierence June 2024 to January 2025 in 10 consecutive

[18F]Fluorethyltyrosin-PET:




[18F]FET-PET shows Hotspots in all 10 consecutive Patients

C)

F Y
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G) NN
/ »
!

-

LN,
LR

Volter F, Poster #828

Early acquisition (30-60 s p.i.

Late acquisition (20-40 min p.i.)




W KLINIKUM

Pilot study: [18F]FET-PET for preoperative localisation in
10 patients with suspected Cushing's disease

Results:

=10 Patients (5 microadenomas, 2 macroadenomas, 3 MRI negativ)
= Focal intrasellar hot spots in all patients °

= 9/10 Patienten underwent transsphenoidal surgery

PET localization was in all cases confirmed intraoperatively and
histologically (100% sensitivity und specificity)

= Postoperative evaluation:
Remission in 100% of cases (Median cortisol 1.8 ug/dl (0.6-3.3)

Volter F, Poster #828




'Case Report

. Progressive symptoms over 2 years (now at age 18)
New: Secondary amenorrhea and easy bruising
Pediatrician => Endocrinologist

o 1 mg Dexamethason-Test: Cortisol 9.0 ug/dl (ULN < 1.8)

« UFC: 444 ug/day (ULN <83)

. Late-nigth salivary cortisol 7.3 ng/ml (ULN < 1.7)
. Plasma ACTH 77 pg/ml (10-50)
o Pituitary MRI : 4 mm lesion

» Transsphenoidal surgery => Remission; Histology: Corticotroph tumor, USP mut+

14 yrs
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' Molecular Pathophysiology of Cushing’s disease

*\Q!Q’Q

Bishop PMF,
Close HG. A
Case of
Basophil
Adenoma of
the Anterior
Lobe of the
Pituitary:
Cushing's
Syndrome.
Guy's Hosp
Rep
1932;82:143-

Cushing's
disease
association
with
pituitary
basophilism
(Bauer,
ActaMedScan
1950)
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Clonal Origin of Pituitary Adenomas*

VIVIEN HERMAN, JAMES FAGIN, RIVKAH GONSKY, KALMAN KOVACS, anp
SHLOMO MELMED

L
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Clonal Composition of Pituitary Adenomas in Patients
with Cushing’s Disease; Determination by X-
Chromosome Inactivation Analysis*

HEINHICH M. SCHULTEY, EDWARD . OLINTELD, BRUNG ALLOLIOE,
DAYID A KATZ), RICHARD A BEREMAN, axo IQBAL UNNIZA ALI

e Tl A
i 2B by T D b P s 14

Monoclonality of Corticotroph Macroadenomas in
Cushing's Disease*

CHRISTINE GICQUEL, YVES LE BOUC, JEAN-PIEREE LUTON,
FRANCONS GIRARD, won XAVIER BERTAGNA

nature |

genetics

Mutations in the deubiquitinase gene USPS8 cause
Cushing’s disease

Martin Reiscke™ 7, Silvia Shacea 00 Akivs Havakawa ™", Manly Thesdomopaesloa® ", Andeea Osawald?,

Felix Beuschbein’, Thomas Meitinger® ", Emi Mizuno- Yamasaki®, Kohes Bawaguchi®, Yasuwshi Saeki®,

Kaiph Tanaka®, Thsmas Wiclanal®, Elisabetls Gral™, W '“:.C.lll}: \.ll.-ﬁl.'r". Cristiima L Roachi'™, Bramo Al et 0

Michacl Buchlelder'* ™, Tim M Stroan™#1, Martin Fassnacht!='0 4 & Masavaki Komada®™!'

ﬁpﬂl‘l :-II:-:--.-.-.A.-, e 207

A5 G, SIS, CAS A sy e 100 00315
ORIGENAL ARTICLE A TR DY T

Recurrent gain-of-function USP8 mutations in Cushing's
disease

Zaong-¥y bia' T ZB ° hian-Hua Clem”™ " 7. Yomg-For Wamg' *. 5hi-i Li* 7. Liang-Fu Zhou’. YVing Mao'
Wihlueg 1Y, RomgGia Fn®, 71 Yium Flevag?, Hoop-Yig Yo', Musp Shen’, XueFan Shon', Zhehany L
Hong Peng’. Lwn n Fhiota’ Niac-Lan Can' . Jae I, Jie Pheng’ . Hong € e’ Vin Wang®
Dhiten=" 1 Chining i, Clas=Win Fu®, Zho-Feom Sha', ¥Vo-Cloo Fheng’, Sloo Ye', Wen-Chang He
Crsain Fhaig’, (e ang', Roag Xee', JiasWe Sheis’, Pu-Jaa Wen', Tasn Fhow’, Tee Wasg®, Shan Huaig
Iaii-Rias i’ M- Dvan Qisea. Wi Aiadiz’. La Pan . Weirblia Dac’. YVag-Chso Lin™ ClaaieXin otz

W= Viong Sha” T, Vo Shao’

Harvey Cushing, The Pituitary Body and Its Disorders: Clinical States Produced By Disorders of the Hypophysis Cerebri. 1912



M The USP8 mutational hotspot

« Ubiquitin specific peptidase 8: de-ubiquitinase

« Somatic mutational hotspot: p.Ser718/p.Pro720 (plus one outside the hotspot: p.Gly664ArQg)
(First) Detected in 40%/60% of corticotroph tumours

« Disrupt 14-3-3 binding — abolish autoinhibitory function

KLINIKUM

Wild type
@m_'oﬂn

WT REPSKLKRSYSSPDITQAIQEEEKRK Binding ot

¢.[2138T>G; 2150A>G) REPSKRKRSCISSPD I TQA I QEEEKRK
c.2151 2153delCTC REPSKLKRSY-ISPDITQAIQEEEKRK
€.2152T>C REPSKLKRSYPSPDITQAI QEEEKRK
€.2153C>G REPSKLKRSYCSPDI TQAIQEEEKRK
QZSQCﬂSREPSKLKRSYSQEDITOAIOEEEKRK

Homo sapiens USP8 REPS T
Mus musculus USP8 REPS K
Gallus gallus USP8 REHS
L K R

WW-tke doman

ITQAI QEEEKRK
I TOALQEEEKRR Rl
ITOAI QEEEKKR \ binding pocket
| SOEL SAETROR

PTIAPNKAE- - - e
| SMNLNMNSNGH /- Cushing s disease mutants ——

Danio rerio USP8 REQS
Drosophila melanogaster UBPY $ L E s
Saccharomyces cerevisiae Doadp -

p.Gly664Arg Mutations
_713,717,718,720

SBM (405-413) 4 || SBM (738-748)
MIT Rhod ”[

34 109 185 310 14-3-3binding 778 1,088
motif (715-720)

é“é“r’)‘ctics Cushing's disease
Martinm Reome b ' Silvin Sheera' 10 AL s My akows ' Marily Thondoovgemdon® ' Aulees O B
Febn Bonschiein' . Thammas Mastings v Fomi Misune \n-nuln Kodor t Koo b \ ol Sk

Mutations in the deubiquitinase gene USPS cause ‘
)



2015 to 2025: 10 years of USP8 research

[V KLINIKUM
W 1
<

UsPs ,
USP48 EREGEEREE '
P53 B JHEEEEES LU GUSIAVO
NR3C1 : Perez-Rivas
BRAF
MGA N A
CACNATH n=85 functional corticotorph
PKHD1 tumours
MEN1
FBL
CHD2 NGS data from:
ANKRD27 . ;
okl Reincke et al., Nat Gen 2015
ORT7AS « Ma et al., Cell Res 2015
:gﬁfm « Song et al., Cell Res 2016
HRNR « Chen et al., Nat Comm 2018
VWF + Sbiera et al., Neurooncol 2019
i « Neou et al., Cancer Cell 2020
UNKL
TRIP12 ( )
:g;g? ~68% samples with recurrent mutated
MAST4 genes
:?T51F4‘0° Somatic variants present in more than 2
iy corticotroph tumors.
HCFC1 n=85 functional corticotroph tumors
MXRAS X <

Compiled by Luis Gustavo Perez-Rivas (n=85 functional corticotroph tumours; somatic variants >2 cases)
Reincke et al,, Nat Gen 2015; Ma et al,, Cell Res 2015; Song et al., Cell Res 2016; Chen et al., Nat Comm 2018; Sbiera et al., Neurooncol 2019; Neou et al., Cancer
Cell 2020




Systematic Review and Meta-analysis LT KLINIKUM

Luis Gustavo
Perez-Rivas

3009 extracted records

} > 567 duplicated records
1875 after duplicated records
removed
e I , 1594 records excluded by title/abstract
v
- 281 full-text assessed for
u_ Scopus eligibility 37 case reports (<3 patients)
| 15 reviews
> 43 not related to Cushing's disease
1 114 without USP8 status
Publea T 51 publlcatlons Wlth USP8 35 WlthOUt CI|n|Ca| |nf0rmat|on
status

v " 3articles with same cohort of patients
_Ill I . 44 studies reported in the meta-
: analysis (2.171 tumors) messsssssss———) Statistical analysis




' Prevalence and association of somatic USP8 variants T <LINIKUM

Variables Effectls '5202 gﬁ P-value k
Age at diagnosis* (years) -51[-78,-23] <0.001 28
Sex§ (female) 39 (28,55 <0001 30
BMI* (kg/m?) - 1.5[-0.2, 2.7] 0.092 8
Preoperative plasma ACTH* (pg/dl) -0.7 [-9.8, 8.4] 0.887 23
Preoperative serum cortisol* (pg/dl) 0.8[-0.2,1.9] 0.123 18
Preoperative 24h UFC* (pg/dl) -21.5[-200, 157] 0.806 13
Max. tumour diameter? (mm) -0.8[-2.5,0.8] 0344 23
Tumour size§ (macroadenoma) 0.9[0.5, 1.6] 0.654 23
Invasion$ 0.6 [0.3, 1.4] 0.256 17
. Knosp grade$ (>3) 0.4[0.2,1.0] 0.071 7
e s, RIS Ki67 indexS (23) 1.12[06,21] 0677 8
o Postoperative remission$ 18[1.1,29] 0001 18
Recurrence$ 2.38[1.0, 4.3] 0.043 10
* difference of means

Pooled prevalence in adults: 32.2% “difference of medians

Pooled prevalence in children: 15.1% " cddsratio Luis Perez-Rivas et al. Eur J Endocrinol 2025, accepted g




Survival probability

1.00 1

0.75 1

o
o
o

0.25 1

0.001

—+— Reference allele, microadenoma
—+— Reference allele, macroadenoma
—+ Pathogenic USP8 variant
p =0.00017
0 30 60 90 120
Time to recurrence after first surgery (months)
Number at risk
122 99 61 38 15
72 48 25 13 6
174 140 98 46 12
0 30 60 90 120

Time to recurrence after first surgery (months)

371 tumor samples

’ U
JL"F"’ KLINIKUM

ESPE Henning Andersen Award 2025
for the most highly rated abstracts

Seven participating centres

Germany China

[V KLINIKUM HUASHAN HOSPITAL

Uniklinikum :
Erlangen + Spain

Clinic
Barcelona

Ml

" Universitatsklinikum
Tiibingen

U K Universitatsklinikum &7 Brigham and Women's Hospital
Hamburg-Eppendorf == Founding Membec, Mass General Brigham

Zhang Q, .... Perez-Rivas LG. ESE-ESPE 2025




. f 3
f , A\ W [ UsSP8mut USP8wt
\)\-/1(“1 '.y | 1 AN e °
o o
8 o
7
\ R e A R A SR
w2  ra |
" \I S . <
'l‘{ IL”/“i “ I lﬂ ’ Cc.> 5 ' Gf{
g4 - /

S L R Precision
| B ¢ s . Surge -
f S R ) geny patient

= care
Pharmaceuticals

log2 fold chz

i

P
PR 2

I |
| |
il

-

Disease progression

]
I

L

I‘ -!#I IIII

1




'Case Report

Progressive symptoms over 2 years (now at age 18)
. New: Secondary amenorrhea and easy bruising
. Pediatrician => Endocrinologist

1 mg Dexamethason-Test: Cortisol 9.0 pg/dl (ULN < 1.8)

Plasma ACTH 77 pg/ml (10-50); Pituitary MRI : 4 mm lesion
. Transsphenoidal surgery => Remission (USP8 mut+)
« One year after TSS: Recurrence => GRACE Study (Relacorilant)
«  Cyberknife radiosurgery 2023

14 yrs




[' Gamma Knife Radiosurgery (GKRS) e

Retrospective, multicentric, n=68, whole sellar radiation
Shepard MJ, et al. World Neurosurg. 2018 May 18

294 patients A B.

Patients treated with GKRS for CD

=
=3
=1

of GHRE (%)
£ =
izsion after GKRE (%)

=
[=3
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Patients treated with GKRS for CD with

lon of hypeicortisolism

<6 months endocrine follow-up

Patncnﬁtn‘l:::::epda\::ﬁ'lngiﬁﬁnrtn ¢ 5 year remISSIOrI rate 76%
* O year recurrence rate 13% ©

210 patients

DILEFI:EIHI:’E‘I'IDI'I'IHIHFEEIE L ] 5 year new pItUItary defICIenCy rate 230//0

-
68 patients g §
75 =
Concern for invasive adenoma ar no - 4
discreet adenoma on imaging, L E 50
treated with whole-sellar GERS E E
3 5 25
. I
i ; N
E ’ T w5 » t T T
3 Yars After GHRS Years After GHRS
-
T . 3

Shepard MJ, et al. Technique of Whole-Sellar Stereotactic Radiosurgery for Cushing Disease: Results from a
Multicenter, International Cohort Study. World Neurosurg. 2018 May 18. pii: S1878-8750(18)31020-9.




Therapy in Cushing’s syndrome, when surgery have failed |mu[ Moy

Further options:'34
Radiation, adrenalectomy
\ Failed
o i o? ;)iors AR & o‘ .WI" Glucocorticoid receptor blocker3-5
First-line treatment:™= | . i1 £ Mifepristone (for patients with
- L ) hyperglycaemia)*
Sun:gery 19 rgmove , ! y | Adrenal steroidogenesis inhibitors23
primary lesion(s) ;:Z:;’;“g Second-line treatment:'-5 Etomidate
; bridging'therapy Medical therapy . Ketoconazole
- & Levoketoconazole
¥ Metyrapone
e ¥ Mitotanet
— & Osilodrostat
Pituitary directed®#4
# Licensed in the USA and/or EU for CSor CD @ Used off label @ Cabergoline?

. Pasireotide sc

*Approved in the USA to treat hyperglycaemia in patients with CS and type 2 diabetes mellitus; 'Approved in the USA/EU to treat advanced adrenocortical carcinoma; *Used
off label to treat CD; CD, Cushing’s disease; CS, Cushing’s syndrome; sc, subcutaneous

1. Nieman LK et a/. J Clin Endocrinol Metab 2015;100:2807-31; 2. Fleseriu M, Blller BMK Pltwtary 2022;25:795-809; 3. Fleserlu M et al. Lancet Diabetes Endocrinol
2021:9:847-75: 4, Pivonello R et al. Front Endocrinol (Lausanne) 2020:11:648: 5, Fleseriu M e J Clin Endocrinol Metab 2012:97:2039-49




Medical therapy of Cushing‘s syndrome T KLINIKUM

Approved drugs for therapy of Cushing’s syndrome

* Pasireotide: 2012 (USA + EU): Cushing's disease

* Metyrapon und Ketoconazol 2014: (EU): Cushing’s syndrome

* Mifepristone 2016 (USA): Cushing's syndrome

* Osilodrostat 2021 (USA and EU): Cushing’s syndrome

* Levoketokonazol 2022+2024 (USA and EU): Cushing’s syndrome
* Relacorilant (CORT125134) in Phase |ll (Q4 20257)

* Roscovitine / Seliciclib in Phase Il

* Clofutriben in Phase Il (ACSpire)

* Atumelnant in Phase Ib/lla



Phase lll Study of Osilodrostat in Cushing‘s Disease

A
3500 - Osilodrostat arm 3500 - Placebo arm
3000 - 3000 4
S 2500 S 2500 I
g 2000 - g 2000
5 1500 - o 1500 -
5 10001 |7, % 1000 :
E & 1 I
500 - ’I mfl 500 - II I P98 ag, I
o{*hik1- L'H:HHIEHMHM- GRS i o 8 st v celisaat, ]
= Baseline value ~Week 12 value =Baseline value -Week 12 value
B
90 1 W Osilodrostat (n=48)
3 80 4 Placebo (n=25)
Z 70
-
7 60+
£ 40 A
= 304
£ |
I BN R
®
a 10 |
oL Il

Week 1 Week 2 Week S Week 8

Week 12

Primary endpoint UFC<ULN
Osilodrostat: 77%
Placebo: 8%

Improved:

* Blood pressure

« HbA1C

+ HDL-Cholesterin

«  Weigth

« Waist circumference

Side effects

+ 37% Loss of appetite

35% arthralgia

33% Nausea

15-25% Adrenal crisis
Increase in hirsutism 4/33

(Y KLINIKUM

Monica Gadelha et al. J Clin Endocrinol Metab. 2022;107:€2882-e2895.




" Is Osilodrostat Effective in Paraneoplastic (Ectopic) Cushing‘s
syndrome?

& Before osilodrostat

®  Under osilodrostat

[} J""I )

Urinary free cortisol (xULN)

10

8 & 10 11 12

13 14 15 18 17 T 238 % W M 12 13

I(LINII(UM

Efﬁcacy (UFC < ULN):

-De novo monotherapy: 9/11 (82%)
-Second line monotherapy: 13/13

- (100%)

- therapy: 6/9 (67%)

-Dose: 2-100 mg osilodrostat
~-Titration n=6; block and replace n=27

 Side effects: 8/33 (24%) of patients had
at least one episode of adrenal
insufficiency grade 3 and 4; one patient
died due to adrenal crisis

Dormoy A, et al. J Clin Endocrinol Metab. 2023 May 17;108:1475-1487.



' Longterm remission and recurrens rates in

Y KLINIKUM

Cushing’s syndrome: Results of 296 patients in Munich

Recurrence/persistence rates following first-line

therapy* for Cushing’s syndrome overall and by
aetiology?
® Recurrence rate = Persistence rate

"3
50 m : - - . — ACS
8100 ECS ) j—J = f’_,_l_'
‘é’ - CD
40 § 75
~ ]
X 30 ‘E
}B § 50“
T 20
- 2 2
10 g ! .
0 0 10 20 100
Overall Cushing's Ectopic CS  Adrenal CS Time in months
(n=296) disease (n=27) (n=84)
(n=185)
Final Control Rate: 92%. 100% 94%

*First-line therapy was surgery (96%) or medical therapy (4%). Median time from biochemical control to recurrence of hypercortisolism was 49.5 months
1. Ritzel K et al. J Clin Endocrinol Metab 2024;dgae337




'Case Report

Progressive symptoms over 2 years (now at age 18)

o New: Secondary amenorrhea and easy bruising

Pediatrician => Endocrinologist

1 mg Dexamethason-Test: Cortisol 9.0 ug/dl (ULN < 1.8)

-~
Fa

o UFC: 444 ug/day (ULN <83); Late-nigth salivary cortisol 7.3 ng/ml (ULN < 1.7 g#

. Plasma ACTH 77 pg/ml (10-50); Pituitary MRI : 4 mm lesion
Transsphenoidal surgery => Remission (USP8 mut+)
* One year after TSS: Recurrence => GRACE Study (Relacorilant)
«  Cyberknife radiosurgery 2023 => Metyrapone + Ketokonazol + 15 mg Hydrocortisone (UFC < 10 ug/d)

14 yrs

17.5 yrs 23 yrs




LT KLINIKUM
This remarkable young women now aged 24 She has a normal weigth and
-played soccer at high amateur level until recently no evidence of
-made her Abitur (A level) -Osteoporosis
-Crossed the Alpes while on block & replace in 2023 -Myopathy
-finished her education and became sivil servant (Beamte) -Psychiatric comorbidities

-moved into a shared apartment and has a boyfriend -Metabolic disease, etc




' Summary: Crosstalk between Pituitary and Adrenal Gland over
| Lifetime in Cushing‘s syndrome 100 years after Minnie G

= Optimized treatment of patients with Cushing‘s syndrome has
Improved, but remains a major challenge

= During the last ten years, three major breakthroughs have
emerged:

= Molecular Imaging guiding transsphenoidal surgery

= USP8 as a molecular predictor of disease recurrence for
future personalized medicine approach

* Medical therapy to control Cushing‘s syndrome if surgery
failed
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