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Objectives

1. Clinical importance of
steroid profiling

2. Interpretation of laboratory
results and steroids in
clinical scenarios




PRIMARY ALDOSTERONISM
UNDERDIAGNOSED

4 -12% prim




PA DIAGNOSIS



TREATMENT

Surgical Mineralocorticoid Receptor
Antagonists

Aldosterone Producing Micronodule (APMs)
Aldosterone producing Diffuse Hyperplasia

Aldosterone Producing Adenoma

TA Williams et al International Histopathology Consensus for Unilateral Primary Aldosteronism, The Journal of Clinical
Endocrinology & Metabolism, Volume 106, Issue 1, January 2021, Pages42-54,



BACKGROUND

> 90% APAs harbor somatic mutations

21-fold higher concentration of
18-oxocortisol in APAs
carrying KCNJ5 mutations
compared with the wild-type

group

Celso E. Gomez-Sanchez. Hypertension. Visualizing Adrenal Steroidsin Primary Aldosteronism
Williams TA et al, Hypertension, 2016
Nanba et al, Hypertension 2020



Integrating steroid profile into the
diagnostic pathway

® 20

Liquid- Steroid Machine Redcap
chromatography-  profile learning

Mass spectrometry

(LC-MS/MS)

Constantinescu G et al, Clin Chem Lab Med. 2022



Liquid Chromatography Mass Spectrometry based
Steroid Profile

measurements of multiple analytes

Eisenhofer et al 2019; Endocrine and Metabolic Research



Machine Learning

analyze of multidimensional data
recognition of
patterns&relationship

v'  beyond measuring differences

ANERN

=> Computational algorithms

Eisenhofer G, et al, JAMA Netw Open. 2020 Sep



Extracted Data

Data Preparation

Confounding
factors adjustment

Normalization

Machine learning

Batch correction

1. Data preparation

Web o
reSOUrces Applications

Exploitation

validation External Data

i Model

3. Validation & exploitation

Eisenhofer G, et al, JAMA Netw Open. 2020 Sep



2. Interpretation of laboratory results and steroids in clinical scenarios

58-year-old female patient
Diagnosed with hypertension

24h BP Measurement 156/98mmHg,
HR 65b/min

* Daytime 159/100mmHg, HF 66/min !
« Nighttime 148/91mmHg, HF 60b/min |
1

Antihypertensive Therapy

Sodium 141mmol/L CarvediIOI 125mg
Potassium 3.48 mmol/L Amlodipin 5mg
Creatinine 58umol/L Valsartan 160mg

Spironolacton 25mg
Aldosterone 540pmol/L under non-interfering medication

Renin 1.9 pg/ml
Aldosterone/Renin Ratio (N<52) 284

Levothyroxine 75ug




PROSALDO - Prospective Study on the Diagnostic Value of
Steroid Profiling in Primary Aldosteronism

Background:

« Genotype-specific steroid profiles associated with APAs
« Mass spectrometry-based adrenal and peripheral venous steroid profiling for subtyping

primary aldosteronism
HYPOTHESIS:

Can steroid profile be used to not only diagnose primary aldosteronism, but also
differentiate unilateral APA due to KCNJ5 ?




International trial

_ Enrolment:
* 10 Centers: Europe and Australia « Start October 2019
* Centralized RedCAP data collection « End December 2023

» Centralized clinical decision support system 844 patients
« Participating center technology transfer ~ « Qutcome assessment

near finalized
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Patient flow through
PROSALDO

Screening

Confirmation

Subtyping - AVS

Therapeutic intervention

Follow-up
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KCNJ5 mutation at mean probability 78.5%




Salt loading test
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Right adrenalectomy

adenoma
heterogeneous CYP11B2

Immunostaining typical of an
APA KCNJ5*

KCNJ5+
a small peak for a G151R PV




Clinical case presentation

46-year-old male

hypertension

hypokalemia

incidentaloma

office BP 156/109mmHg

BMI 27.8Kg/m2

normal renal function

plasma K 3.6 mmol/L

Treatment

o Spironolactone 100mg
o Urapidil 60mg
o Lercanidipine10 mg
o Calcium Channel Blocker+

Potassium Supplementation

With interfering

medication
Aldosterone (pmol/L) 1260
Direct renin (mU/L) 26.1

ARR (N<52pmol/l/mU/L) 48.3




. . . Verapamil 240mg
After medication adjustment Urapidil 120 mg

Potassium supplementation

With non-interfering

medication
Aldosterone (pmol/L) 2947
Direct renin (mU/L) 1.8

ARR (N<52pmol/l/mU/L) 1637




Diagnostic & Outcome

nhon-suppressed plasma aldosterone level
e 5254 pmol/L (189 ng/dL) ( N<169 pmol/L)

M (CT scan left adrenal adrenal (25x21x23 mm), 10 HU

e |ateralization to the left with an index of >90.5

econtralateral suppression

left APA
KCNJ5 positive

Bmmm Outcome assessment |
e biochemical and clinical cure




Interfering medication

PROSALDO SCREENING STEROID PROFILE REPORT

Study ID GYDR-0777 Sex

Male Age 46

A1l values in nmol/l. NE: Not established. BLD: Below level of detection. See below fc

. Above cut-off.

Steroid Value Reference interval

Aldosterone 0.424 [0.010 - 0.450]
18-0Oxocortisol 1.27 [NE - 0.100]
18-Hydroxycortisol 23.03 [0.74 - 4.64]
11-Deoxycorticosterone 0.303 [NE - 0.37]
Machine Learning Results

Probability in % Model 1 (LDA) Model 2 (SVM) Model 3 (RF)
Primary hypertension 1.35 2.4
Bilateral 0.1 1.75 4.8
Unilateral 0.8 28.86 31.8
Unilateral w/ KCNJ5 99.2 68.03 61
PA 100.1 98.6 97.6

Mean probability 98.7%

Non-interfering medication

PROSALDO SCREENING 2ND STEROID PROFILE REPORT

Study ID [6¥DR-0777  [sex

[Male

[age a6

Machine Learning Results

Probability in % Model 1 (LDA) Model 2 (SVM) Model 3 (RF)
Primary hypertension 0 0.34 0
Bilateral 0 1.32 8.6
Unilateral 1 27.14 27.6
Unilateral w/ KCNJ5 99 71.21 63.8
PA 100 99.7 100

Mean probability 99.9%




Hypothesis

Interfering antihypertensive medication has a

minimal impact on SPp Medication

Machine Learning Based Steroid Probability
Scores while the impact on the ARR is more
important

ARR




CHARACTERISTICS AND BIOCHEMICAL TEST RESULTS

Patient demographics, blood pressure (BP) & heart rate

N

Sex (F/M)

Age (years)

Systolic BP

Diastolic BP (mmHg)

Heart rate (bpm)
Biochemical test results
Aldosterone (pmol/L)
18-Oxocortisol (pmol/L)
18-Hydroxycortisol (pmol/L)
Steroid probability score (%)
Renin (mU/L)

ARR (pmol/mU)

Primary aldosteronism

190
81/109

51 (42-58)
156 (142-169)
98 (88-106)
74 (67-85)

542 (345-808)
104 (52-432)
2578 (1692-5170)
71.9 (48.8-92.8)
4.2 (2.3-8.9)

120 (64-243)

Data for continuous variables are presented as medians with interquartiles in parentheses.

No primary aldosteronism

578
316/262

50 (40-59)
151 (139-165)
95 (87-105)
76 (67-86)

200 (130-298)
40 (27-64)
1643 (1213-2248)
22.6 (15.3-33.2)
10.5 (4.8-22.9)

20 (8-45)

0.0044
0.3801
0.0545
0.0722

0.778

0.0001
0.0001
0.0001
0.0001
0.0001

0.0001

Constantinescu G et al Hypertension. 2024



Patients with PA

Patients with adrenalectomy

PA surgical outcome criteria (PASO)
immunohistochemical findings of an
aldosterone producing adenoma

Patients under treatment

screening (positive ARR/positive SP)
positive confirmatory testing
outcome assessment
(SIT at outcome assessment)

Constantinescu G et al Hypertension. 2024



Patients with and without PA were examined with
and without interfering medications

ivariabl i

Data analysIs

Receiver operating characteristic (ROC) curves for
ARR

machine /parning based steroid 'bmhahi/ify SrOres

Constantinescu G et al Hypertension. 2024



33%

60%

50%

paired analysis of impacts of
antihypertensive drugs

Constantinescu G, et al. Hypertension 2024



! MRA should be avoided

paired analysis
P <0.05 significance of changes by Wilcoxon’s paired comparison multivariable analysis

Constantinescu G, et al. Hypertension 2024



similar results for ARBs

paired analysis
P <0.05 significance of changes by Wilcoxon’s paired comparison

Constantinescu G et al Hypertension. 2024



Beta blockers

Constantinescu G et al Hypertension. 2024



paired analysis

. . P <0.05 significance of changes by Wilcoxon’s paired comparison
paired analysis

P <0.05 significance of changes by Wilcoxon’s paired comparison

Constantinescu G et al Hypertension. 2024



paired analysis
P <0.05 significance of changes by Wilcoxon’s paired comparison

Constantinescu G et al Hypertension. 2024



100%
ARR
80%

Interfering medication has an impact on
AUC, lowering it

70%
60%
50%

40%

Sensitivity (%)

30%
20%

10%

0% *

ARR AUC P -value
No interfering 0.845
Interfering  0.765

AAUC CIAAUC

| 0.0013

0.080 0.031-0.129

Specificity (%)

Constantinescu G et al Hypertension. 2024



100 % _
STEROID
90 %
PROBABILITY o
SCORES S
o> 70%
. : . 2 60%
No difference in the ROC curves with and 'S
without medication = 50%
7))
a:, 40% SPS P value
@ 30%| —— No'interfering 0.893
: 0.0561
20% nterfering  0.848
10% AAUC CIAAUC
0.045[ 0.0010.092]
0%
Specificity (%)

Constantinescu G et al Hypertension. 2024



Steroid profiling
vs ARR

100%
90%
80%
g 0%
Under interfering medication é’* 60%
SP shows higher AUC than ARR E 50%
S 4w interfering  AUC P value
N 30 SPS 0.848
20% ARR 0.765]00044
10eh AAUC CIAAUC
o / 0.083 0.026-0.140

Constantinescu G et al Hypertension. 2024



Take home messages

« steroid profiling is a promising, complementary tool for improving the diagnosis of
primary aldosteronism

* integration with clinical, biochemical and imaging findings ensures accurate
diagnosis

* limited availability to several centers

« validation in the clinical practice is necessary through further randomized clinical
trials
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