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Abstract
Background: Sirolimus (rapamycin) is a lipophilic, macrocyclic lactone compound originally isolated from 
Streptomyces hygroscopicus with an inhibitory effect on the mTOR pathway. It was approved for the 
prophylactic treatment of acute rejection in renal transplant patients. When given to transplant patients in 
combination with cyclosporine and corticosteroids, there is a reported reduction in the incidence of acute organ 
rejection without incurring an increase in overall adverse events. However, the therapeutic range for sirolimus 
level is quite narrow. Therefore, it is necessary to monitor the drug levels as accurately as possible to reduce the 
risk of organ rejection or elevated toxicity for the patient. The objective of this study was to determine the initial 
performance characteristics of the sirolimus assay on the ADVIA Centaur® XP Immunoassay System.  

Methodology: The ADVIA Centaur Sirolimus assay is a competitive immunoassay using direct 
chemiluminescent technology. In the assay reaction, free sirolimus in the patient sample competes with 
the bound sirolimus in the solid phase for binding with the acridinium ester-labeled anti-sirolimus antibody. 
The amount of sirolimus present in the patient sample is measured by an inverse relationship to the amount 
of relative light units detected by the system. Preliminary performance characteristics of the assay, including 
inter- and intra-assay precision, linearity, limit of quantification, interfering substances, and method 
comparison, were determined. For precision, a total of 80 replicates were tested for each sample across 20 
days. Thirty-one EDTA whole-blood samples from kidney transplant patients with sirolimus concentrations from 
2.4 to 27.4 ng/mL were tested using the ADVIA Centaur Sirolimus assay and the LC-MS/MS Sirolimus assay, 
conducted at Analytical Sciences International (UK). The relationship between methods was analyzed using 
Passing-Bablok regression. Interference studies were conducted with a panel of endogenous substances, as 
well as with potentially co-administered drugs at concentrations of approximately three times the maximum 
recommended dosage. 

Results: The ADVIA Centaur Sirolimus assay demonstrated a mean %CV of 3.21 for intra-assay and 5.43 
for total precision (across a sample range of 1.66 to 25.36 ng/mL). Good correlation to LC-MS/MS was 
demonstrated, with a slope and intercept of 1.095 and 0.149, respectively. LoD and LoQ were 0.32 ng/mL 
and 0.94 ng/mL, respectively. Linearity was demonstrated across a range of LoQ to 30 ng/mL. The interfering 
substances were tested at the recommended concentrations and found not to significantly interfere with assay 
results, at ≤10% difference to the control condition.

Conclusions: The resulting data demonstrates that the ADVIA Centaur Sirolimus assay is an accurate and 
precise method of quantifying sirolimus concentration in EDTA whole-blood samples compared to LC-MS/MS.

*  Assay under development by Randox Laboratories Ltd. for Siemens Healthcare Diagnostics Inc. 
Not available for sale. Future availability cannot be guaranteed.

Principle of the Assay
The ADVIA Centaur Sirolimus assay has been formatted as a sequential competitive immunoassay. Pre-treated 
EDTA whole-blood sample containing everolimus is incubated with an acridinium ester-labeled mouse 
monoclonal antibody specific to everolimus. Addition of paramagnetic particles coated with covalently 
attached everolimus binds free remaining antibody sites. Following magnetic separation and removal of 
unbound Lite reagent during wash steps, acid and base reagents are added to initiate a chemiluminescent 
reaction. The quantity of light generated is inversely proportional to the amount of sirolimus in the sample. 

Results
Precision: The ADVIA Centaur Sirolimus assay showed a mean CV of 3.06% between runs and a mean CV of 
5.80% between days when assessed on the ADVIA Centaur XP system. Samples spanning a concentration range 
of 1.66–25.36 ng/mL were used throughout the study.

Limit of quantification (LoQ): The limit of blank (LoB), limit of detection (LoD), and limit of quantification 
(LoQ) were determined according to CLSI EP17-A2. An assay LoQ of 0.94 ng/mL was achieved with a total 
allowable error of ≤ 20%.

Methodology
Assay performance was evaluated for linearity, limit of quantification (LoQ), precision, and method 
comparison to sirolimus quantitation by LC-MS/MS. Linearity and LoB/LoD/LoQ studies were performed 
according to CLSI EP6-A and CLSI EP17-A2, respectively. Assay precision was evaluated over a 20-day study 
according to CLSI EP5-A3. The method comparison study was performed with 31 EDTA whole-blood samples 
according to CLSI EP9-A3.

Linearity: Linearity was assessed over a concentration range from the LoQ to 39 ng/mL.

Conclusions
The feasibility of the ADVIA Centaur Sirolimus assay has been evaluated following CLSI guidelines. The resulting 
data demonstrates that the assay is precise and accurate compared to the LC-MS/MS assay for quantifying 
sirolimus concentration in EDTA whole-blood samples.

Figure 1. Assay architecture.

Figure 2. Linearity graph.

Figure 3. Method comparison: ADVIA Centaur Sirolimus assay vs. LC-MS/MS Sirolimus assay.
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Table 1. Precision data for Sirolimus assay on ADVIA Centaur XP system.

Sample Mean Concentration 
(ng/mL) n Repeatability 

(% CV)
Within-Lab 

(% CV)

1 1.66 80 5.4 8.8

2 4.25 80 3.1 5.9

3 12.34 80 1.5 4.4

4 14.47 80 2.7 5.4

5 25.36 80 2.6 4.5

Table 2. Results of LoQ.
LoB LoD LoQ

0.08 ng/mL 0.32 ng/mL 0.94 ng/mL

Interfering substances 
The ADVIA Centaur Sirolimus assay was tested against a panel of 28 potentially interfering endogenous and 
exogenous substances. The substances listed below were tested at two clinically significant concentrations 
according to CLSI EP07-A3 and found not to interfere (≤10%).

Method comparison 
The relationship between the ADVIA Centaur Sirolimus assay on the ADVIA Centaur XP system and a 
validated LC-MS/MS assay was assessed for 31 EDTA whole-blood patient samples spanning a sample range of 
2.4–27.4 ng/mL. Passing-Bablok regression showed a slope and intercept of 1.095 and 0.149, respectively.

Table 3. Interference testing results.
Substance Test Concentration

Acyclovir 1000 µg/mL

Amphotericin B 100 µg/mL

Biotin 1200 mg/dL

Cholesterol 500 mg/dL

Erythromycin 20 mg/dL

Fluconazole 100 µg/mL

Flucytosine 240 µg/mL

Ganciclovir 110 mg/dL

HAMA 1 20%

HAMA 2 20%

Itraconazole 50 µg/mL

Kanamycin 100 µg/mL

Ketoconazole 10 µg/mL

Lidocaine 100 µg/mL

Mycophenolic acid 400 µg/mL

Mycophenolic acid glucuronide 1000 µg/mL

Phenobarbital 100 µg/mL

Spectinomycin 100 µg/mL

Sulfamethoxazole 400 µg/mL

Tacrolimus 0.12 µg/mL

Tobramycin 100 µg/mL

Trimethoprim 50 µg/mL

Bilirubin (conjugated) 60 mg/dL

Bilirubin (direct) 60 mg/dL

Hematocrit 15.8%

Rheumatoid factor 1350 IU/mL

Triglycerides 1000 mg/dL


