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Introduction

Recently, there has been significant and growing interest in the use of mi-
crosampling devices in the therapeutic drug monitoring community1–12. These 
devices have shown potential to streamline blood collection and transportation 
processes, drive innovation in precision medicine and patient-centered care 
and enable remote patient monitoring and virtual clinical trials. 

When compared with traditional whole blood sampling methods, microsam-
pling devices provide advantages in all aspects of the patient monitoring pro-
cess. Patient experience is improved through what is considered a less painful 
and invasive sampling event than venipuncture; blood draws can be as low 
as 10 microliters (instead of up to 4 milliliters); and there is potential for an at 
home sampling event that would eliminate a trip to a blood draw center. Bene-
fits to healthcare in general include: the potential for better testing adherence 
due to the improved patient experience, access to patients with low blood flow 
and access to patients in remote or underserved populations. 

Cost benefits include: shipment by post instead of carrier; elimination of cold 
chain and biohazard shipping requirements; and more time to be productive 
without the need to travel to a blood draw center. Laboratory sample process-
ing advantages include: the fact that freezing and thawing can often be elimi-
nated, as well as numerous reports that indicate improved analyte stability in 
dried matrices.

In drug monitoring, therapeutic drugs often have narrow therapeutic ranges. 
With regards to immunosupressants, low blood concentration can lead to an 
increased risk of organ rejection, while high concentration can lead to: neuro-
toxicity, hypertension, photosensitivity, hyperkalemia, and organ based toxici-
ty. By sampling patients remotely and having immunosuppressant concentra-
tions on hand during consultations, physicians can optimize and individualize 
their clinical health decisions. With remote sampling, clinicians have access to 
a broader range of time points for sampling, and patients are given a greater 
sense of agency in their treatment.

Within the past several years, research groups have developed validated 
methods for the determination of a few common immunosuppressant drugs 
using the Mitra® microsampler 8,10,12–14. This review summarizes the methods 
developed by six different labs. It aims to be a guide to the important workflow 
elements to consider when developing and validating bioanalytical methods 
for specimens collected with a Mitra microsampling device.  

immunosuppresants

Research Studies Referenced: 

Group 1a Group 2
Group 1b Group 3
Group 4 Group 5

Mitra devices are intended as a specimen collector and for the storage and transport of biological fluids. They are CE-IVD self-certified in 
the UK and EU, a Class 1 IVD in Australia, Brazil & China, Class B in South Africa, and registered with health agencies in Canada, 
Thailand, and Ukraine. In the United States, Mitra devices are for Research Use Only (RUO). In some countries, Mitra devices may be 
used in clinical diagnostic laboratory systems after the laboratory has validated their complete system in compliance with relevant rules 
and regulations. 

https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.neoteryx.com/hubfs/Content/Conference_Presentations/MSACL%2016/Mayo%20Clinic_Immunosuppressant%20Monitoring%20by%20LC-MSMS%20Using%20Mitra%20Microsampling%20Devices_MSACL%202016.pdf
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.sciencedirect.com/science/article/pii/S1570023218312194
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://www.ncbi.nlm.nih.gov/pubmed/28601765
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Table 1: Analyte List by Group

LogPs are approximated
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Immunosuppressant Abbreviation Research Group LogP

Cyclosporin-A CsA 1a, 2, 1b, 5 3.64

Tacrolimus FK-506 2, 4, 5 5.59

Everolimus RAD001 3, 4 7.4

Sirolimus RAPA SLM 4 7.45

Mycophenolic acid L04AA06 4 3.53

Extraction Methods

The research methods summarized here typically used water, 
methanol, or a mixture of both in their initial extractions from the 
Mitra microsampling device. 

Most groups utilized some methanol during their extraction 
workflows, which is common for high LogP analytes (the immu-
nosuppressants of interest). One of the main advantages of a 
primarily methanolic extraction solvent is sample cleanliness. 
Most of the biological matrix of blood is not soluble in methanol, 
and thus a relatively clean sample is produced. 

However, as more water is introduced into the initial extraction 
solvent, more matrix is solubilized into the extract. Thus, the 
introduction of water will generally introduce the need for an 
additional clean-up step to remove these unwanted matrix com-
ponents. 

The use of a primarily methanolic extract was pursued by 
groups 1a, 1b, and 3. Group 3 showed that a purely methan-
olic extraction of everolimus yielded low extraction efficiencies 
and a significant hematocrit bias. Group 1a was able to make a 
direct comparison between a methanolic workflow and a more 
aqueous workflow paired with an additional protein precipitation 
step for sample clean up. 

They reported considerably worse correlation to traditional wet 
methods when utilizing the more methanolic extraction sol-
vent14. 

Research groups in this review that utilized a more aqueous 
initial extraction step typically used a protein precipitation step 
to clean their samples and rid them of the complex matrix of 
proteins solubilized in an aqueous extraction solvent 8,13,14 

This allows for better correlation to standard wet methods when 
compared to an organic extraction method (see section on cor-
relation to standard methods below).  Zinc sulfate (ZnSO4) was 
the precipitation agent most commonly used in the literature 
reviewed here, however pure methanol13 has also been used 
successfully. 

https://www.neoteryx.com/
mailto:info%40neoteryx.com%20?subject=Mitra%20Microsampler%20Inquiry%20
https://www.neoteryx.com/micro-sampling-capillary-blood-collection-devices
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.neoteryx.com/hubfs/Content/Conference_Presentations/MSACL%2016/Mayo%20Clinic_Immunosuppressant%20Monitoring%20by%20LC-MSMS%20Using%20Mitra%20Microsampling%20Devices_MSACL%202016.pdf
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28601765
https://www.neoteryx.com/hubfs/Content/Conference_Presentations/MSACL%2016/Mayo%20Clinic_Immunosuppressant%20Monitoring%20by%20LC-MSMS%20Using%20Mitra%20Microsampling%20Devices_MSACL%202016.pdf
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://www.ncbi.nlm.nih.gov/pubmed/28601765
https://www.sciencedirect.com/science/article/pii/S1570023218312194
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.sciencedirect.com/science/article/pii/S1570023218312194
https://www.sciencedirect.com/science/article/pii/S1570023218312194
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
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Research Group  
 

1a 
(Ref Site A) 2 1b 

(Ref Site B) 3 4  5

Reference 13 14 13 12 10 9

Volume of Mitra® 
Microsampler Used

10 µL 20 µL 10 µL 10 µL 20 µL 10 µL

Initial Extraction

100 µL 
of Water: 
Methanol 

(95:5)

150µL Ultra-
pure water 
(containing 

IS) 

200 µL 
Methanol

500 μL of 
Methanol w/ 
10 μL of IS 

solution (1ng/
mL in metha-

nol)

100µL of Wa-
ter:Methanol 

(60:40) contain-
ing IS

Compared 
three different 

extraction 
solutions; 100uL 
methanol-water 
(1:1), 0.2 mol/L 
zinc sulfate in 

methanol water 
(1:1), and 0.5 

mol/L zinc sulfate 
in methanol-wa-

ter (4:1)

Agitation Method 1

Plate 
shake for 
20 min-

utes

Vortex 20 
minutes at 
2500 rpm

Shake 
collection 

plate on or-
bital shaker 
for 1 hour 
at 1100 

rpm

Vortex, ultra-
sonicate for 
5 minutes, 

then shake at 
500 rpm for 
5 minutes

Ultrasonicate 
for 30 minutes 

at 47 kHz

Vortexed for 10 
s followed by 

sonication for 15 
minutes (in water 

bath)

Sample Clean up

Protein 
precipi-
tation w/ 
ZnSO4  
(2.88 g 
in 100 

mL) then 
100uL 

Acetoni-
trile

Protein pre-
cipitation w/ 
150 µL 0.1 
M ZnSO4, 
followed by 

agitation 
and further 
precipitation 
with Meth-

anol

 None None
Protein precip-
itation w/ 200 
uL Methanol

Solution was cen-
trifuged at 13000 
rpm (15700g) for 
5–15 minutes at 
4°C, aliquot of 

supernatant was 
taken for LC/MS 

analysis

Agitation Method 2
Plate 

shake for 
5 min

Vortex 5 
minutes at 
2500 RPM 
after each 
addition of 
precipita-

tion solvent 
(ZnSO4 then 

methanol, 
total of two 
agitations; 

10 minutes)

None
Vortex, then 
centrifuge 

for 3 min at 
15,000 rpm. 

Vortex  15 min-
utes at medium 
speed, then 1 
minute at max-
imum speed, 

followed by 15 
minutes of son-
ification at 47 

kHz, 15 minute 
vortexing at 

medium speed 
and 1 minute 
at maximum 

speed

None

Table 2: Extraction Method Summary

https://www.neoteryx.com/
mailto:info%40neoteryx.com%20?subject=Mitra%20Microsampler%20Inquiry%20
https://www.neoteryx.com/micro-sampling-capillary-blood-collection-devices
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.neoteryx.com/hubfs/Content/Conference_Presentations/MSACL%2016/Mayo%20Clinic_Immunosuppressant%20Monitoring%20by%20LC-MSMS%20Using%20Mitra%20Microsampling%20Devices_MSACL%202016.pdf
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.sciencedirect.com/science/article/pii/S1570023218312194
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://www.ncbi.nlm.nih.gov/pubmed/28601765
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Research Group  1a 
(Ref Site A) 2

1b 
(Ref Site B) 3 4  5

Extraction efficiencies Not Available Not 
Available

Not 
Available 20.2–23.1% 77.5–94.5% 30%–120%

Hematocrit Bias 
Evaluated No No No Yes Yes Yes

Stability Evaluated No No No Yes Yes Yes

Address Whole Blood/
Plasma Ratios No No No No No Yes

Correlation to Wet 
Methods

Yes - 
R2=0.9838

Yes- 
R2=0.979 Yes 

Yes - R2 not re-
ported, however 

data is within 
95% confidence 

interval

No No

Table 2: Extraction Method Summary (continued)

Agitation Methods

Choice of agitation is critical to the extraction methodology. The 
most traditional method is shaking via a platform shaker or vor-
tex, with the main variables being RPM and time of shaking. 
The optimal speed for deep well plates is 1000-1100 RPM, as 
this is the maximum speed that will maintain a vortex.

Sonication is another common strategy for improving extraction 
efficiencies, with many groups using sonication in tandem with 
vortexing 8,10,12. This generally resulted in significantly shorter 
required vortex time (5-30 minutes). 

In general, shorter vortexing times were also used when a pro-
tein precipitation step was part of the experimental procedure 
(20-30 minute vortexing times). 

As a method development strategy, one option is to start with 
longer agitation times and then evaluate the effect of reducing 
the agitation times to determine when a negative effect is ob-
served. 

Care should also be taken to not agitate for longer than nec-
essary as this may lead to unwanted matrix components in the 
extract.

While not yet used for the extraction of immunosuppressants, 

a novel method of extraction has been published in the litera-
ture recently, referred to as “impact-assisted extraction”16. This 
method has been shown to provide extremely high extraction 
efficiencies as well as robust assays free of hematocrit biases 
when used with the Mitra microsampling device. 

The method employs the use of mechanical disruption by “bead 
beating” the microsamplers, in a process that is normally used 
for tissue homogenization. The Mitra microsamplers will survive 
this process intact, and the analyte will be completely extracted 
in the process.

Other successful approaches (not explored in these reviewed 
manuscipts) include, higher extraction temperatures and even 
the use of microwaves to help improve extraction efficiencies 
and lessen vortexing time16. 

https://www.neoteryx.com/
mailto:info%40neoteryx.com%20?subject=Mitra%20Microsampler%20Inquiry%20
https://www.neoteryx.com/micro-sampling-capillary-blood-collection-devices
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.neoteryx.com/hubfs/Content/Conference_Presentations/MSACL%2016/Mayo%20Clinic_Immunosuppressant%20Monitoring%20by%20LC-MSMS%20Using%20Mitra%20Microsampling%20Devices_MSACL%202016.pdf
https://cdn2.hubspot.net/hubfs/1806452/Content/Application%20Notes/Evaluation_of_the_Mitra_Microsampling_Device_for_Immunosuppressants_Monitoring.pdf
https://www.sciencedirect.com/science/article/pii/S1570023218312194
https://www.ncbi.nlm.nih.gov/pubmed/30892068
https://www.ncbi.nlm.nih.gov/pubmed/28601765
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QCs and Standards

All research groups reported here managed to generate cali-
bration curves with excellent linearity and R2 values using Mitra 
tips under varying conditions. When creating a calibration curve 
using Mitra, it is extremely important to ensure all experimental 
conditions are kept the same between calibrators and experi-
mental samples. 

A particularly important parameter to consider is the drying 
time of QC and standard samples on the Mitra tips prior to ex-
traction, as this can influence extraction efficiency. Drying times 
commonly employed in the literature range from 3 hours to 24 
hours. For application to immunosuppressant testing, a drying 
time of 24 hours is most suitable11. 

The relationship between drying time, extraction efficiency, 
and stability bias should not be undervalued during the meth-
od development process. If drying times between QC and 
experimental samples vary, then extraction efficiencies of 
the QC samples may differ from your experimental samples.                                                                                                                                     
Other important factors in the generation of QC standards are 
the amount of analyte to spike, as well as the period of equi

libration that is used to allow the QCs and standards to reach 
an equilibrium post spike. The volume of analyte spiked into 
blank whole blood should be limited to 5% or less10,12, and the 
spiked blood should be mixed for at least 30 minutes prior to 
use, although some authors would recommend a few hours of 
equilibration18. Additionally, when using blood for preparation of 
standards and QCs, it is important to measure and control for 
the hematocrit of blood being spiked. 

While there are many factors to keep in mind with regards to 
the consistency of your experimental samples and calibrators, 
the groups reviewed here illustrate that the Mitra microsampler 
does not add significant variation to their methods, even when 
inter operator variability is considered12. Thus, Mitra devices 
should provide linear calibration curves even when common 
experimental variables are introduced.

One useful approach to preparation of QCs and standards en-
masse involves aliquoting 80 μL of blood into all wells of a 96-
well plate and then dipping a full rack (96 samplers at a time) 
for efficient preparation of validation samples either manually 
or via automation.

Assay Precision

All groups here that evaluated accuracy and precision followed traditional assay acceptance criterion. Both accuracy and preci-
sion were required to be within ±15% at each concentration level studied. For the LLOQ, accuracy and precision were required to 
be within ±20%. All these groups reported acceptable criterion using their extraction methodologies. Most of the groups illustrated 
robust methods with hematocrit biases that were less pronounced than those previously illustrated with DBS cards, except for 
Group 3, who did not see an improvement relative to DBS cards in their analysis of everolimus. 

Sample Stability

Research Group 3 evaluated two types of stability in their anal-
ysis. The first was the stability of the extracted sample prior to 
injection. They show that for everolimus, the sample is stable 
for up to 48 hours when stored at 2-8 °C (with a maximum bias 
reported of 9.8% for their Low QC). 

The second type is a standard stability bias, with the metric for 
stability being that the reported concentrations remain within 
±15% of the nominal concentration. The manuscript does not 
mention QC and standard drying times, nor analyte equilibra-
tion times, however they do report that the sample was stable 
for 362 days while dried on the Mitra device. Group 4 allowed 
their analytes to equilibrate in blood for 30 minutes with mixing 
prior to addition to the Mitra tips, and all samples were dried for 
between 24 and 48 priors prior to analysis. They established 
7 days of stability post extraction at 10°C and stability of dried 
samples on the tip for 30 days at 37°C and 50 days at -20°C. 
Group 6 allowed 1 hour of spiked analyte equilibration time in 
whole blood prior to addition to Mitra tips, and at least 

2 hours of drying. Under ambient conditions tacrolimus was 
only shown to be stable for 2 days. 

The primary difference between the methodologies of groups 4 
and 5 relate to their extraction methods. Group 4 and 5 used 
similar initial extraction solvents containing both water and 
methanol. However, Group 4 added even more methanol to 
facilitate protein precipitation. Additionally, Group 4 allowed for 
longer drying times for their QCs and standards. One or both 
choices dramatically affected the reported stability for the im-
munosuppressants studied. 

It should be noted that both groups 4 and 5 report significantly 
improved stability at lower temperatures (≤ -20°C). Therefore, it 
is recommended to store samples at lower temperatures once 
received if they need to be stored on-site for prolonged periods 
of time prior to analysis (as might be the case with batch test-
ing). 

https://www.neoteryx.com/
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Correlation to Wet Methods

The validated methods were used to correlate data between 
blood that was extracted from a Mitra device to previously es-
tablished wet blood reference methods (referred to as the “wet 
method”). Without a reliable way to map data obtained using 
Mitra devices back to this standard method, you cannot reli-
ably interpret concentration values. Thus, we have included this 
section to discuss the best methods to use when attempting to 
validate any analyte in reference to whole blood sampling. 

Groups 1a, 2, 1b, and 3 all included this correlation to a wet 
methods in their studied. Groups 1a and 1b evaluated a meth-
anolic extraction, with Group 1a also evaluating a protein pre-
cipitation type extraction in their investigation. It is notable that 
most wet methods for immunosuppressant monitoring follow a 
protein precipitation based extraction. 

The R2 values for the correlation of the dried blood extraction 
from the Mitra microsampler to their respective wet methods 

for Cyclosporine A, ranged from 0.86-.90 when the methanolic 
extraction was used. When Group 1a reevaluated the correla-
tion using a protein precipitation method, the R2 value
increased significantly to 0.9838. A possible reason for this 
improvement is that when the extraction methodologies are 
chemically similar the intrinsic biases of the methods are also 
more likely to be similar. The protein precipitation approach was 
followed by most of the other groups, except for Group 3 which 
focused on a primarily methanolic extraction methodology. 

Group 2 also evaluated a protein precipitation methodology, 
and the R2 value for their evaluation of tacrolimus was 0.947 
when correlating the dried test method to their wet reference 
method with 45 patients. Likewise, Group 2 illustrated an R2 
value of 0.979 for the extraction of Cyclosporine when correlat-
ing to the wet reference method. 

Instrument Carry-Over 

With hydrophobic analytes such as these immunosuppressants, the analysis of carry over from analytical run to analytical run is 
crucial. The process used by Groups 2 and 3 are aligned in that they injected blank samples after the injection of a high concen-
tration sample and show that the response is a fraction of the response expected by a sample that is at the LLOQ.

Conclusion

This review covers a body of work performed by multiple groups 
all aimed at optimizing analytical methods for the detection of 
immunosuppressants using the Mitra microsampling device. 

Their results are largely positive, and most groups were able to 
develop robust methods and some effectively correlated their 
Mitra microsampling methods to standard wet methods. Howev-
er, success was varied. The method development approaches 
that proved most successful were as follows:

First, choosing an overall extraction method most similar to the 
method used in the wet method i.e. if the wet method uses a 
protein precipitation, then a protein precipitation step is recom-
mended for your Mitra extraction method.

Second, allowing suitable analyte equilibration. In the case of 
the immunosuppressants studied here, one hour appears ac-
ceptable.

Third, allowing suitable drying time for your analytes may be 
crucial, and a minimum of 24 hours will provide optimal results 
according to the groups reviewed here.

Lastly, choose the most powerful agitation approaches avail-
able, and evaluate your extraction efficiencies at the LLOQ of 
the assay. High extraction efficiencies have been shown to min-
imize or completely rid of any hematocrit and stability biases.

Based on research reviewed here, these appear to be the best 
practices for the development of analytical methods that will 
correlate well to traditional wet methods when using the Mitra 
microsampler for immuosuppressant analysis. 
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