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STEROID STRUCTURE and CLASSIFICATION
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PERFORMANCE REQUIREMENTS for STEROID
30 HORMONE MEASUREMENT

30

SPECIFICITY vs hundreds of endogenous and exogenous steroids

» Structural related or unrelated isobars, isomers, epimers, conjugated metabolites
» Drugs

SENSITIVITY and WIDE DYNAMIC RANGE

» Gender: in females and in males
> Fertility status: Menstrual phase / Pregnancy / Menopause
» Functional tests: adrenal stimulation and suppression

ACCURACY and PRECISION small but clinically relevant intra- and inter-

individual variations
» Differential diagnosis,
» Monitoring therapy / hormone replacement

Requests by clinicians include rather than single steroids

Ideally NO INFLUENCE from different MATRIX



QUANTITATIVE ANALYTICAL TECHNIQUES FOR
STEROID MEASUREMENT
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TESTOSTERONE IN THE IMMUNOASSAY AGE
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DIRECT IMMUNOASSAY
in the ROUTINE LAB

HIGH COSTS SERIOUS
UNCERTAINITIES
Diagnosis
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COLUMN CHROMATOGRAPHY -
MASS SPECTROMETRY
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GAS CHROMATOGRAPHY
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Analytes need to be volatile and thermostable
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COMPROMISE:

DERIVATIZATION

Long reaction time.
Extensive sample purification.
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THE POWER OF LC-MS/MS
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UNIBO/CRBA IN HOUSE METHODS

FOR STEROID PROFILING

Panel 1: 11 steroids in serum
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THE SUCCESS
of LC-MS/MS in the last 20y

Improving the measurement of traditional
diagnostic steroids

» Allowing the measurement of steroid panels

Easing the path toward harmonization of
measurements



A-Rep 1 (nmol/L)

B-Rep 3 (nmcl/L)
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State-of-the-Art of Serum Testosterone
Measurement by Isotope Dilution—
Liquid Chromatography—
Tandem Mass Spectrometry
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FEMALE HYPERANDROGENISM o QT ()

5-10% of women in reproductive age*;u/

Serum TESTOSTERONE
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ADRENAL INCIDENTALOMA

4-10% of the population
DEXAMETHASONE SUPPRESSION TEST FOR THE
DIAGNOSIS OF MILD AUTONOMOUS CORTISOL SECRETION
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5% possible false positives. 0.9% possible false positives.
6.5% possible false negatives. 4.6% possible false negatives.
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THE SUCCESS
of LC-MS/MS in the last 20y

Improving the measurement of traditional
diagnostic steroids

» Allowing the measurement of steroid panels

Easing the path toward harmonization of
measurements



CONGENITAL ADRENAL HYPERPLASIA
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CONGENITAL ADRENAL HYPERPLASIA

DIFFERENTIATION NON CLASSIC CAH Adrenal Gland
FORM PCOS IN ADOLESCENT AND
ADULT WOMEN
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CONGENITAL ADRENAL HYPERPLASIA
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DIAGNOSING 21-NCAH by LC-MS/MS STEROID PROFILING

Table 2 Comparison of steroid concentrations between patients with nonclassic 21-hydroxylase deficiency (N210HD) and
controls. Data are expressed as median (interquartile range).

Steroid (nmol/L) N210HD (n=32) Controls (n=54) Ratio of medians N210HD/controls P

170HP4 18.1(8.7-33.0) 2.8(0.9-4.3) 6.5 <0.0001
160HP4 2.4(1.4-4.9) 0.6 (0.4-0.9) 4.1 <0.0001
21dF 1.8(1.3-5.3) 0.0 (0.0-0.3) N/A <0.0001
Progesterone 0.8 (0.5-1.4) 0.4 (0.3-0.8) 1.8 0.0018
Cortisol 202.5(125.9-442.8) 249.1 (208.9-373.7) 0.8 0.197
Cortisone 53.7 (30.5-72.3) 51.5 (40.3-60.8) 1.0 0.855
Corticosterone 1.6 (0.8-3.5) 5.9(3.5-13.6) 0.3 <0.0001
11dF 0.8 (0.5-1.4) 0.9 (0.4-1.6) 0.8 0.626
DOC 0.3(0.3-0.4) 0.5(0.4-0.9) 0.6 0.113
Ad 4.3(2.0-8.1) 3.9 (2.2-8.5) 1.1 0.798
Testosterone 1.1 (0.5-2.7) 1.6 (0.8-4.3) 0.7 0.195
110HA4 9.6 (5.1-25.9) 4.5 (2.9-7.1) 2.1 <0.0001
11KA4 1.1 (0.7-1.7) 0.6 (0.4-0.8) 1.7 0.0001
T10HT 1.0(0.3-1.7) 0.4 (0.3-0.6) 2.2 0.0019
11KT 1.8(1.2-3.3) 0.9 (0.6-1.3) 2.0 <0.0001
11KT/Testosterone 1.8 (1.2-3.0) 0.6 (0.2-0.9) 3.3 <0.0001
110HA4/A4 2.6(2.1-4.6) 1.2 (0.7-2.1) 2.0 <0.0001
Ad/testosterone 3.8 (2.8-4.5) 3.5(2.4-4.2) 1.3 0.274

pui 1 W

A4, androstenedione; DOC, 11-deoxycorticosterone; 170HP4, 17a-hydroxyprogesterone; 160HP4, 16a-hydroxyprogesterone; 21dF, 21-deoxycortisol;
11dF, 11-deoxycortisol; 110HA4, 11p-hydroxyandrostenedione; 11KA4, 11-ketoandrostenedione; 110HT 118-hydroxytestosterone; 11KT,

11-ketotestosterone. Turcu et GI., EJE 2020

21-NCAH vs PCOS

-

(0)
High 21-deoxycortisol 100% sensitivity 41.9% '
o true negative
>0.087 ng/mL 76.9% specificity PCOS women not needing
High 170HProgesterone >1.79ng/mt 75 79 sensitivity further genetic analysis or ACTH
plus 100% specificity testing

\Low Corticosterone <s.76 ng/mL /

Oriolo et al., JEI 2020




THE SUCCESS
of LC-MS/MS in the last 20y

Improving the measurement of traditional
diagnostic steroids

» Allowing the measurement of steroid panels

Easing the path toward harmonization of
measurements



REPRODUCIBILITY OF STEROID MEASUREMENTS

TESTOSTERONE

9 LC-MS/MS assays

7 labs using IAs
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median [Testosterone] (nmol/L)

Groenestege et al., Clin Chem 2012
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Vesper et al., Steroids 2009



LC-MS/MS is a COMPLEX MULTISTEP PROCEDURE
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» What is the Impact on the final result?



HarmoSter CONSORTIUM

9 Measuring Centers all over Europe
9 different LC-MS/MS assays
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INTER-LABORATORY VARIABILITY

Maximum allowable imprecision
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THE LIMITS
SOURCES OF VARIABILITY IN RESULTS BY DIFFERENT
LC-MS/MS METHODS

Interaction among analytical factors and individual patient sample
within each methods.
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THE LIMITS

STEROID CROSS-DETECTION in LC-MS/MS

Extended run-times to separate
steroids with the same molecular
weight and similar MS/MS spectrum
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Fanelli et al., SBMB 2023

EXPLORING THE STEROIDOME

THE BACKDOOR PATHWAY FOR ANDROGEN BIOSYNTHESIS
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THE LIMITS
VARIABLE SENSITIVITY FOR DIFFERENT STEROIDS

Peak area per 1 pg on column

MS/MS response factor
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Fanelli et al., SBMB 2023
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FUTURE PERSPECTIVES
FOR CLINICAL LABORATORIES

» Ready to use kits including SPE plates,
calibrators, internal standard, reagents, etc...
CE-IVD

» Fully automated solutions combining
sample prep + LC-MS/MS



FUTURE PERSPECTIVES
«STEROIDOMICS»

HETEROGENEITY IN STUDY DESIGN AND ANALYTICAL APPROACH

Steroidomics Platforms
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STEROID ANALYTICALS
THE ON GOING (R)EVOLUTION

Immunoassays LC-MS/MS LC-High Resolution MS
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