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Accuracy, turnaround time, and 
analytical cost are important 
factors to consider when 
developing a therapeutic drug 
monitoring assay for 
Immunosuppressive drug therapy.  

Sirolimus, Cyclosporine-A, 
Tacrolimus, and Everolimus 
therapies are monitored to balance 
therapeutic efficacy and to prevent 
organ rejection, while minimizing 
the adverse effects associated 
with high concentrations in whole 
blood. The local hospital 
expressed the need for faster 
turnaround time to help support 
patient care. 

Laser Diode Thermal Desorption 
with Tandem Mass Spectrometry 
(LDTD-MS/MS) technology can 
provide very rapid results and 
reduced analytical costs 
associated with mobile phases by 
eliminating liquid chromatography 
for analyte separation.

Conclusions
Laser Diode Thermal Desorption 
Tandem Mass Spectrometry 
technology can provide rapid results to 
reduce turnaround time to result. We 
developed an eight second 
LDTD-MS/MS method used for the 
quantification of Sirolimus, 
Cyclosporine-A, Tacrolimus, and 
Everolimus in whole blood. 

The implementation of this technology 
will significantly decrease turnaround 
time for the requesting local hospital.

The described method detects 
Sirolimus, Cyclosporine-A, 
Tacrolimus, Everolimus, and 
isotopically labeled internal 
standards in whole blood. 

Samples were prepared using a 
protein crash containing internal 
standard followed by reverse 
phase solid phase extraction 
before spotting 8uL Lazwell-HDE  
plate. The mass spectrometry 
method monitored ammonium 
adducts for two transitions for each 
analyte as well as isotopically 
labeled internal standard in positive 
mode using multiple reaction 
monitoring. 

The LDTD laser profile ramped 
from 0% to 65% of full power over 
six seconds and is held at 65% for 
two seconds before returning to 
initial conditions (ten seconds 
sample to sample).  Nitrogen 
Carrier gas flow is 3L/min with 
3uL/min NH4OH.

Linearity of all four analytes passed 
across the calibration ranges from 
2-47 ng/mL for Sirolimus, 2-41 ng/mL 
Tacrolimus, 2-44 ng/mL for 
Everolimus, and 25-937 ng/mL for 
Cyclosporine A. Over these ranges, 
linearity coefficients of R.= 0.990 to 
0.999 were obtained. 

Method comparison bias +/- 16% with 
R values greater than 0.9, and 
average CV% ranged from 3.1 to 
12.5% (n=4).

Run time was significantly decreased 
by 95% using the LDTD-MS/MS 
method. Sample to sample time with 
the LDTD-MS/MS method was 10 
seconds compared to 3.25 minutes 
with the LC-MS/MS assay. A 96 
sample LDTD-MS/MS run time was 16 
minutes compared to 312 minutes with 
the LC-MS/MS assay.

The cost per sample increased due to 
the addition of solid phase extraction 
and LDTD plate, but decreased in 
costs associated with column, 
pre-column, mobile phase and 
instrument time. The overall change in 
direct costs to the average billed test 
price was an increase 6% per sample.

Phytronix LDTD source on Sciex 5500 Schematic of the LDTD ionization source
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Comparison of analysis time from sample to 
sample for the LDTD-MS/MS assay and the 
in-house LC-MS/MS Immunosuppressant assay.

LDTD-MS/MS Immunosuppressant Method

Name Q1 Q3 Time DP CE CXP

Sirolimus-Quant 931.6 864.6 13 100 10 25

Sirolimus-Qual 931.6 882.6 13 100 10 15

Rapamycin-d3 934.6 864.6 13 100 10 25

Everolimus-Quant 975.6 908.6 13 100 10 27

Everolimus-Qual 975.6 926.6 13 100 10 20

Everolimus-d4 979.6 912.6 13 100 10 27

Tacrolimus-Quant 821.5 768.5 13 100 10 30

Tacrolimus-Qual 821.5 576.4 13 100 10 30

Tacrolimus-d3 824.5 771.6 13 100 10 30

Cyclosporine A-Quant 1220 1185 13 100 10 50

Cyclosporine A-Qual 1220 425.3 13 100 10 70

Cyclosporine A-d12 1232 1197 13 100 10 50
Eight second power ramp pro�le of Laser Diode 
Thermal Desorption source reaching a maximum 
of 65% power.

Tacrolimus Method Comparison
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Cyclosporine A Method Comparison

Everolimus Method Comparison Sirolimus Method Comparison

Method Comparison to LC-MS/MS and Imprecision Results

Analyte Slope Intercept 
(ng/mL) R n CV%

(n=4)

Tacrolimus 1.16 -0.30 0.98 73/73  6.5

Cyclosporine A 0.96 0.32 0.98 26/26   3.1

Sirolimus 0.84 0.28 0.90 19/19   4.8

Everolimus 0.96 0.07 0.91 17/17  12.5


