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Steroid hormones

Crucial role : control of

- metabolism

- immune functions

- inflammation



Steroid hormones

Modifications in steroid profiling reflect disease status and help 

research into a wide number of health disorders.

Congenital Adrenal Hyperplasia (CAH) Cushing’s syndrome



Steroid hormones

Polycystic Ovarian Syndrome

Modifications in steroid profiling reflect disease status and help 

research into a wide number of health disorders.

Hyperaldosteronism
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The measurement of 25(OH)D, the most abundant metabolite of vitamin D, is performed 
mainly: 

1. to determine the nutritional status of vitamin D;
2. to monitor the efficacy of supplementation. 



Steroid hormones

Quantification of steroids by immunoassays

Specific interaction Cross-reactivity Interference



Steroid hormones

Adapted from 
https://doi.org/10.3343/
alm.2022.42.1.3

Interference Type Mechanism Impact Detection/Prevention Strategies

Heterophile Antibodies
Endogenous antibodies that cross-link 

assay antibodies, leading to non-
specific binding.

Falsely elevated or decreased 
hormone levels.

Use of heterophile-blocking reagents; 
alternative assay platforms; sample dilution 

tests.

Human Anti-Animal Antibodies 
(HAAA)

Develop in patients exposed to animal-
derived products; interfere with assay 

antibodies.

Erroneous hormone 
measurements.

Pre-treatment with blocking agents; employing 
assays less susceptible to HAAA interference.

Anti-Analyte Antibodies
Patient-generated antibodies against 

specific hormones, altering assay 
binding.

Inaccurate hormone 
quantification.

Alternative measurement methods; 
immunoglobulin precipitation techniques.

Biotin Interference
High levels of biotin from supplements 

disrupt biotin-streptavidin assay 
systems.

Falsely high or low results, 
depending on assay design.

Patient history assessment; using biotin-free 
assays; delaying sample collection post-biotin 

ingestion.

Cross-Reactivity Assay antibodies bind to structurally 
similar non-target molecules.

Overestimation of hormone 
levels.

Utilization of highly specific antibodies; 
confirmatory testing with alternative methods.

Adapted from https://doi.org/10.3343/alm.2022.42.1.3



Steroid hormones

Interference Type Mechanism Impact Detection/Prevention Strategies

Hook Effect 
Extremely high antigen levels saturate 

antibodies, preventing proper sandwich 
formation.

Falsely low hormone readings.
Serial sample dilutions; 

awareness of clinical context 
suggesting high hormone levels.

Endogenous Antibodies Autoantibodies or paraproteins interfere with 
assay components. Variable effects on assay accuracy.

Immunoglobulin removal 
techniques; alternative assay 

methodologies.

Preanalytical Factors Sample handling issues like hemolysis, lipemia, 
or improper storage. Erroneous hormone measurements.

Strict adherence to sample 
collection and handling 

protocols; visual inspection of 
samples.

Matrix Effects Variations in sample composition affect assay 
performance. Inconsistent or inaccurate results.

Matrix-matched calibrators; 
validation of assay performance 
across different sample types.

Exogenous Substances Medications or supplements that interfere with 
assay reactions. Altered hormone readings.

Comprehensive patient 
medication history; selecting 
assays with minimal known 

interferences.

Adapted from https://doi.org/10.3343/alm.2022.42.1.3



LC-MS/MS
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1. Liquid chromatography 

Separation technique of analyte based on the affinity for a stationary 

phase and a mobile phase.

Pump



LC-MS/MS

2. Mass spectrometry

Analytical technique that ionizes chemical species contained in a 

sample and analyzes the produced ions in the gas phase.

Mass spectrometer

Ion source (ionization of 
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Analyzer (m/z separation 
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Why LC-MS/MS?
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Clinical case

Mr K (28/12/75)

• Malaria attack RF grade V and hypertension (200/120 mmHg)

• GFR = 6 mL/min et Cr= 4.7 g/L

• Proteinuria = 3044 mg/L 700 mg/g Creatinuria

• Asthenia and headaches



Clinical case

Mr K (28/12/75)

• Hypertension (200/120 mmHg)

Aldosterone quantification

RIA > 1000 ng/L



Clinical case

Mr K (28/12/75)

• Hypertension (200/120 mmHg)

Aldosterone quantification

RIA > 1000 ng/L  vs LC-MS/MS = 66 ng/L (< 200 ng/L normal value)

Presence of Aldosterone glucuronide



Clinical case

• 37-year-old female patient

• Invasive breast adenocarcinoma 

of no special type (NST)

• Left mastectomy

• Chemotherapy + radiotherapy + 

hormone therapy with chemical 

castration using Abemaciclib

• Salpingo-oophorectomy

• Biological monitoring of estradiol 

levels

• 49-year-old female patient

• Total hysterectomy with 

oophorectomy in 2021 for cervical 

cancer

• Breast cancer in 2023

→ Mastectomy 

• Chemotherapy + radiotherapy + 

hormone therapy + Abemaciclib

• Biological monitoring of estradiol 

levels



Clinical case

Immunological method (Alinity®): 149 ng/L 
and 184 ng/L

Reference values:

• Premenopausal women: 21 – 312 ng/L

• Postmenopausal women without 
hormone replacement therapy: <28 ng/L
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Clinical case

Immunological method (Alinity®): 149 ng/L 
and 184 ng/L
Reference values:

• Premenopausal women: 21 – 312 ng/L

• Postmenopausal women without 
hormone replacement therapy: <28 ng/L

• LC-MS/MS method : < 5 ng/L

• Example of chromatogram in the 
presence of estradiol (~ 3 ng/L)".



Clinical case

▪ What is the source of these interferences?

• Common treatment for both patients: Abemaciclib
Abemaciclib: a potent and selective inhibitor of cyclin-dependent kinases 4 and 6 (CDK4 
and CDK6)
Treatment of hormone receptor (HR) positive, HER2 negative breast cancer with lymph 
node involvement and high risk of recurrence

➔ Kit insert:
"Samples from patients who have been administered treatments that inhibit tumor cell 
proliferation (e.g., CDK 4/6 inhibitors) may be subject to interference/cross-reactivity with the 
Alinity i estradiol assay."

➔recommended to measure estradiol by LC-MS/MS in this 

type of patient.



Men 23 yo 

ED by GP : 
- Hypertension 
-Oedema lower limbs and face

Asthenia Muscle 
weakness

Oedema of 
lower limbs 

and face

Hypertension
(around 180 mmHg 

in systolic)

Examination

MEDICAL HISTORY
•Pleural effusion at age 2
•Left testicular torsion

TREATMENTS
•Pantoprazole as needed

Clinical case



Clinical case



Thoraco-abdomino-pelvic CT scan

Large infiltrating and necrotic tumor lesion in the anterior-superior mediastinum.
Adjacent/confluent superior mediastinal lymphadenopathy.

Germ cell tumor? Thymic tumor? Thymic lymphoma? Thymic neuroendocrine 
tumor?

Clinical case



KETOCONAZOLE PO
Inhibitor of 11β-hydroxylase, 17α-

hydroxylase, and 17,20-lyase.
Treatment failure after 15 days and 

maximum dose reached.
➔ Initiation of IV Etomidate (3.1 

mg/h).

TREATMENTS
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Serum cortisol levels (Alinity) from 
arrival at the emergency 

department until discontinuation 
of ketoconazole

ETOMIDATE IV
Inhibitor of 11β-hydroxylase, with a dose-

dependent effect.
The only available anti-cortisol treatment 

administered intravenously.
The effect is observed starting 5 hours 

after administration and reaches its 
maximum at 11 hours.

Serum cortisol levels (Alinity) during the 
24 hours following the start of Etomidate 

administration

Clinical case
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Clinical case
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(zoom < 1000 nmol/L)
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Clinical case

• 65-year-old male on chronic hemodialysis for end-stage renal disease (ESRD).

• Routine lab show undetectable 25(OH)D3 (<4 ng/mL) using an automated 

immunoassay (Alinity, Abbott). 

• The patient reports adherence to vitamin D supplementation (cholecalciferol 

1000 IU daily).

• Discrepancy between clinical picture (no signs of osteomalacia) and severe 

biochemical deficiency.

• Nephrologist questions assay reliability in dialysis context.

• Intervention:

Sample reanalyzed by LC-MS/MS  ➔25(OH)D3 = 22.5 ng/mL (sufficient).



Clinical case
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Clinical case

Box and Whisker plots showing 

distributions of 25(OH)D in 99 

hemodialysis patients measured with 

Architect i2000sr (Abbott), Modular 

E170 (Roche), iSYS (IDS) and ID-XLC-

MS/MS.

B. Depreter, A.C. Heijboer, M.R. Langlois, Accuracy of three automated 25-

hydroxyvitamin D assays in hemodialysis patients,  Clin Chim Acta, 415 (2013), 

pp. 255-260



Clinical case

Box and Whisker plots showing 

distributions of 25(OH)D in 99 

hemodialysis patients (A) and 50 healthy 

subjects (B) measured with Architect 

i2000sr (Abbott), Modular E170 (Roche), 

iSYS (IDS) and ID-XLC-MS/MS.

B. Depreter, A.C. Heijboer, M.R. Langlois, Accuracy of three automated 25-

hydroxyvitamin D assays in hemodialysis patients,  Clin Chim Acta, 415 (2013), 

pp. 255-260



Clinical case



Clinical case

Patient:
65-year-old male on chronic hemodialysis for end-stage renal disease (ESRD).

Presentation:
Routine lab show undetectable 25(OH)D (<4 ng/mL) using an automated immunoassay (Alinity, 
Abbott). 

     The patient reports adherence to vitamin D supplementation (cholecalciferol 1000 IU daily).

Clinical Concern:
Discrepancy between clinical picture (no signs of osteomalacia) and severe biochemical 
deficiency.

Nephrologist questions assay reliability in dialysis context.

• Intervention:
Sample reanalyzed by LC-MS/MS  ➔25(OH)D₃ = 22.5 ng/mL (sufficient).

Explanation:

• Immunoassay failed due to incomplete dissociation of 25(OH)D from DBP, aggravated by 
elevated urea and matrix effects.

• LC-MS/MS bypassed this by organic protein precipitation and specific detection.



IA versus LC-MS/MS

Criteria Immunoassays (IA/RIA) Mass Spectrometry (MS)

Principle Uses antibodies to detect 
specific steroids

Separates and detects 
molecules based on mass-
to-charge ratio

Sensitivity Good Excellent

Specificity Moderate to low (cross-
reactivity is common)

High (distinguishes 
structurally similar 
compounds)

Interferences Frequent (e.g., heterophilic 
antibodies, rheumatoid factor)

Rare (if sample prep is 
adequate)

Precision / Accuracy Variable; depends on antibody 
quality Very high

Multiplexing capability Limited (typically one analyte 
per assay)

Yes (can measure multiple 
steroids simultaneously)

Cost & Accessibility Lower cost; widely used in 
routine labs

Higher cost; increasingly 
available

Typical errors
Underestimation or 
overestimation due to 
interferences

Fewer errors; requires 
technical expertise



LC-MS/MS

Advantages Disadvantages
• High sensivity

• Specificity

• Reproducibility

• Ability to perform simultaneous 

analysis

• No variation LOT to LOT

• Price

• Method development

• Technical aspect

• Noise and heat generation 

• Nitrogen generator and compressed 

air or linked supply

• Review of peaks one by one

• Annual maintenance contract
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