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Background: Therapeutic drug monitoring of tacrolimus (Tac) is
mandatory in solid organ transplant (SOT) recipients. Finger-prick
microsampling is more flexible and tolerable during the therapeutic
drug monitoring of tacrolimus and has been shown to be applicable
in adult SOT recipients. In this study, a previously validated method
applying volumetric absorptive microsampling (VAMS) to measure
Tac in adults was cross-validated in a pediatric population.

Methods: Patients with SOT scheduled for standard posttransplant
follow-up visits were recruited. Blood samples were obtained by trained
phlebotomists using standard venipuncture and capillary microsampling,
before the morning dose of Tac as well as 2 and 5 hours after dosing. Tac
concentrations were quantified using liquid chromatography–tandem
mass spectrometry. Concordance between Tac concentrations obtained
with venipuncture and VAMS was evaluated using Passing–Bablok
regression, calculation of absolute and relative differences, and percent-
age of samples within 620% and 630% difference.

Results: A total of 39 SOT patients aged 4–18 years (22 male) were
included. The median (range) predose venous blood concentration was
4.8 (2.6–13.6) mcg/L, with a difference between VAMS and venous
blood samples of 20.2 6 0.7 mcg/L. The relative mean difference
was 21.3% [95% confidence interval (CI), 25.9% to 3.4%]. Ninety-
two percent and 97% of the sample pairs demonstrated differences
within 620% and 630%, respectively. Postdose (2 hours and/or 5
hours, n = 17) median concentration in venous blood was 7.9 (4.8–
19.2) mcg/L. The difference between VAMS and venous blood sam-
ples was 0.1 6 1.0 mcg/L, with a relative mean difference of 22.5%
(95% confidence interval, 28.8% to 3.8%). Eighty-eight percent of

the postdose sample pairs were within 620% difference, and all were
within 630% difference.

Conclusions: Tac concentrations can be accurately measured
using VAMS technology in pediatric SOT recipients. This
makes home-based Tac monitoring feasible in the pediatric
population.
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INTRODUCTION
Solid organ transplantation (SOT) is the preferred treatment

for patients with end-stage organ diseases. Transplanted patients
undergo lifelong immunosuppressive treatment accompanied by
therapeutic drug monitoring (TDM). Currently, a combination of
tacrolimus (Tac), mycophenolate, and steroids is the preferred
regimen for maintenance of immunosuppression to prevent
allograft rejection in adults and pediatric transplant patients at
most transplant centers around the world.

Tac has a narrow therapeutic window.1 In general, the
trough concentration aimed for is between 3 and 15 mcg/L,
depending on individual patient factors. Excessive exposure is
associated with an elevated risk of hypertension, posttransplant
diabetes mellitus, neurotoxicity, and nephrotoxicity, whereas
too low levels can lead to acute graft rejection and develop-
ment of donor-specific antibodies.2 TDM during the entire life
span of SOT recipients is mandatory to individualize immuno-
suppressive treatment.3 In the early posttransplant phase in
particular, frequent blood sampling, followed by dose adjust-
ments, is required to ensure graft function and minimize poten-
tial adverse effects. In addition to the time-dependent changes
in Tac pharmacokinetics during the first posttransplant year,
Tac dose requirements may be affected by growth and devel-
opment in the pediatric population,4 prolonging the intensive
monitoring phase in this population. TDM is therefore indi-
cated at least every 3 months in pediatric patients and in many
situations more often. In addition, TDM is an important tool for
adherence assessment in this age group.

Currently, blood is collected for Tac TDM in children
and adolescents using standard venipuncture or capillary
sampling (usually 0.5 mL) to measure trough concentration.
A venipuncture procedure is perceived as a stressful event
associated with pain in many pediatric patients. At our center,
we recently validated a novel capillary technique to measure
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Tac concentrations in adults using the Mitra sampling device.5

Mitra uses volumetric absorptive microsampling technique and
absorbs an accurate volume (eg, 10 mL) onto a hydrophilic
polymer tip in which the blood is dried. This microsampling
can be performed at home by the patient or caregiver, timed
according to dose administration, and sent to the hospital before
their next prescheduled appointment where the remaining blood
test can be performed if required. Tac in the dried microsample
is stable in this device for at least 1 month, and it may be shipped
with standard mail service to the laboratory.5 This can minimize
the time spent at the hospital for clinical follow-up visits and is
probably more cost-effective for patients, families, and health
care providers.6 An additional benefit of home-based microsam-
pling is that area under the curve (AUC)-based Tac TDM is
clinically applicable because extended stays at the hospital are
not needed to collect the necessary samples for proper AUC
estimation.2 With just a blood drop needed, microsampling is
more convenient for children and adolescents, especially when
it can be performed in safe and known environments of their own
homes. Considering the importance of accurate determination of
Tac concentrations for TDM, it is important to validate this novel
methodology in pediatric patients before application in the clinic.

Our study aimed to validate Tac concentrations ob-
tained with capillary absorptive microsampling using the
Mitra device in pediatric SOT recipients (kidney and liver) to
determine possible differences in children and adolescents as
compared to adults. The concentration of Tac obtained using
this novel capillary microsampling technique was compared
with that of samples collected through standard venipuncture.
Capillary sampling is commonly preferred in the pediatric
population because it is minimally invasive and requires small
blood volumes. Validation was performed using predose
(trough concentrations) and postdose samples.

MATERIALS AND METHODS

Study Population
From November 2019 to June 2020, we recruited

pediatric transplant recipients (kidney or liver) who came for
prescheduled follow-up visits at our outpatient transplant center
at Oslo University Hospital, Rikshospitalet, Norway. Patients
aged 2–18 years, with tacrolimus as part of their immunosup-
pressive regimen, were invited to participate. The study was
conducted in accordance with the ethical principles of the
Declaration of Helsinki and Good Clinical Practice. This study
was approved by the Regional Committee for Medical Research
Ethics in Norway (REK number: 2019/101). Written informed
consent was obtained from participants of age 16 years and
older, whereas assent was obtained from parents/guardians of
participants younger than 16 years before being subjected to any
study-specific procedure.

Sample Collection
Blood samples to compare Tac concentrations were

collected in the morning, before the patient had taken the
morning dose of Tac, and 2 and 5 hours after dose
administration. The predose sample (C0) was obtained from

all participants, and the 2 hours (C2) and 5 hours (C5)
postdose samples were obtained when possible according to
the participant’s preferences. At all 3 time points, both capil-
lary 10 mL volumetric absorptive microsampling tips
included in the Mitra cartridge device (Neoteryx, Torrance,
CA) were used. In addition to Mitra, a peripheral venous
EDTA blood sample was collected simultaneously.
Approximately 10–12 phlebotomists, experienced in capillary
blood collection in children, conducted capillary microsam-
pling and corresponding venous sampling. Before initiation of
the study, the phlebotomists were given a short instruction on
how to use Mitra according to the manufacturer’s instruc-
tions. The sequence of capillary microsampling and venous
sampling was prerandomized and specified in written instruc-
tions attached to each microsampling kit. All samples from
the same patient were collected by the same phlebotomist,
and the exact time was recorded.

The fingertip was disinfected with chlorhexidine 0.5%,
left to dry for 1 minute, and punctured with a lancet
(Medlance 1.5 mm; HTL-STREFA, Marietta, GA). The first
blood drop was wiped off with a nonwoven compress,
followed by dipping of the microsampler tip into the blood
surface; absorption of blood continued until both tips were
completely filled. The cartridge containing the 2 tips was
closed and sealed within the specimen bag still containing a
desiccant. Peripheral venous blood was collected in EDTA
tubes (BD vacutainer; Becton, Dickinson and Company,
Franklin Lakes, NJ) that were slowly inverted to ensure
thorough mixing with the anticoagulant. Both the capillary
microsamples and venous samples were kept at ambient
temperature (18–228C) until analysis.7

Tacrolimus Concentrations Analysis
Venous blood sampling was part of routine care, and blood

samples were analyzed on the same day. The microsamples were
kept overnight before sample preparation. The laboratory techni-
cians inspected the quality of the tips to ensure adequately filled
tips, and any deviation was noted. Quantification of Tac followed
respective sample preparation, as previously described,5 and per-
formed with liquid chromatography–tandem mass spectrometry
using a Transcend II LX-2 system coupled to a TSQ Quantiva
mass spectrometer (Thermo Fisher Scientific, Waltham, MA), as
described in the validation studies performed in the adult popula-
tion at our center in 2018 and 2019.5,8

Data Analyses
The C2 and C5 samples were pooled for data analysis

as postdose samples. Data analyses using Passing–Bablok
regression and difference plots were performed using the
Analyse-It add-in in Microsoft Excel (Analyse-It Software,
Leeds, United Kingdom). Venous Tac concentrations were
used as a comparator when calculating the absolute and rel-
ative differences between venous blood samples and capillary
microsamples. The differences are presented as mean 6 SD
unless otherwise stated. Demographic data were analyzed
using SPSS Statistics for Macintosh, version 26.0 (IBM,
Armonk, NY) and Stata Statistical Software 2019, Release
16 (StataCorp, College Station, TX).
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RESULTS
Thirty-nine patients (age 4–18 years, 26 kidney and 13

liver transplant recipients, 22 males) fulfilled the protocol
requirements. Fourteen (36%) patients were in the children
group (2–12 years old) and 25 (64%) were in the adolescent
group (13–18 years old). The median time since engraftment
was 5.1 (range, 0.0–15.1) years for both kidney and liver
transplant patients (Table 1).

In total, there were 55 capillary and venous sample
pairs eligible for analysis; 38 predose (C0) and 17 postdose (4
C2 and 13 C5) sample pairs. Three patients provided the C0,
C2, and C5 sample pairs. One capillary trough sample did not
pass the visual inspection because of overfilling, explaining
why this patient only provided a single C5 sample. Patients
who refused venous sampling postdose did so to avoid extra
venipuncture. One C0 specimen bag was without a desiccant,
and one C5 specimen bag was not sealed on arrival in the
laboratory. The latter 2 were still included in the analysis,
showing deviations of 24.8% and 221% compared with the
respective venous samples.

The time differences between capillary microsampling
and venous sampling were within 210 to +7 minutes, with a
mean difference of 1 6 4 minutes (exact time differences
were missing for 12 of the C0 sample pairs). Microsamples
were analyzed within 2 weeks of sampling.

The median C0 concentration in venous samples was 4.8
mcg/L (range: 2.6–13.6 mcg/L). The mean difference in Tac
concentrations between dried capillary microsamples and liq-
uid venous samples was 20.2 6 0.7 mcg/L, leading to a
relative mean difference of 21.3 6 14.2% [95% confidence
interval (CI), 25.9% to 3.4%]. In 92% of the C0 sample pairs,
the differences in the concentration measures were within
620%. Only one sample pair had a difference exceeding
630% (ie, +49% at venous blood concentration 2.6 mcg/L
and at 3.9 mcg/L microsampling concentration). Thus, 97%
of the sample pairs showed differences within 630%.

In the postdose samples (C2 and C5, n = 17), median
blood concentration in the venous samples was 7.9 mcg/L
(range: 4.8–19.2 mcg/L) for C2 and C5. The mean difference
between capillary microsamples and venous samples, both C2

and C5, was 0.06 1.5 mcg/L, with a relative mean difference
of 22.5 6 12.3% (95% CI, 28.8% to +3.8%). Eighty-eight
percent of the postdose sample pairs were within 620%, and
all were within 630% with respect to relative differences.
The largest postdose difference was +27% at venous blood
concentration 19.2 mcg/L and at 24.5 mcg/L microsampling
concentration.

Altogether, the predose and postdose sample pairs (n =
55) had a mean difference of 0.1 6 1.0 mcg/L. The relative
mean difference was 21.7 6 13.5% (95% CI, 25.3% to
+2.0%). Overall, 91% of the sample pairs had differences
within 620% and 98% were within 630%. The difference
plot is shown in Figure 1. The Passing–Bablok regression
analysis provided estimates of intercepts of 0.047 (95% CI,
20.37% to +0.66%) and slope of 0.97 (95% CI, 0.85%–
1.05%) (Fig. 2).

Data on corresponding hemoglobin levels in venous
samples were obtained for 97% of the participants (n = 38 C0
sample pairs), and the median was 12.7 g/dL (range 8.7–15.6
g/dL). The correlation coefficient for the relationship between
relative differences in Tac measurements (dried capillary/
liquid venous blood) and the corresponding hemoglobin lev-
els showed no significant correlation (Spearman rho was 0.17,
95% CI, 20.48% to +0.16%, n = 38 C0 sample pairs).

DISCUSSION
The results from our cross-validation study demonstrate

good concordance between Tac concentrations measured in
capillary volumetric microsamples and liquid venous blood
sampling in pediatric solid organ transplant recipients. This
was true for both trough and postdose measurements.

The narrow therapeutic window of Tac requires repet-
itive measurements throughout the lifetime of SOT patients.
The capillary microsampling technique is convenient for
home sampling and is particularly beneficial in the pediatric
transplanted population. For some patients, it may be more
convenient to take blood samples at home at true trough time,
instead of timing the dose to the opening hours at the labo-
ratory and appointments with the physician. With the results

TABLE 1. Demographic Data of Pediatric Solid Organ Transplant Recipients at Time of Blood Sampling for Comparison of
Tacrolimus Blood Concentrations Based on Capillary Microsamples and Venous Blood samples

2–12 years, n = 15 (38%) 13–18 years, n = 24 (62%) Total, n = 39

Median (Range) Median (Range) Median (Range)

Age (yr) 10.2 (3.7–12.8) 15.8 (13.3–18.0) 14.1 (3.7–18.0)

Male sex, n (%) 9 (60%) 13 (54%) 22 (56%)

Organ

Kidney, n (%) 9 (23%) 17 (44%) 26 (67%)

Liver, n (%) 5 (13%) 6 (15%) 11 (28%)

Multiorgan, n (%) 1 (3%) 1 (3%) 2 (5%)

Time since Tx (yr) 3.0 (0.0–12.0) 7.1 (0.0–15.1) 5.9 (0–15.1)

Creatinine (mmol/L) 42 (32–178) 82 (42–164) 75 (32–178)

Hemoglobin (g/dL) 12.3 (8.7–15.0) 12.9 (9.3–15.6) 12.7 (8.7–15.6)

Data are presented as median (range) or number (%).
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from our capillary volumetric microsamples (Mitra 10 mL)
validation, this methodology may be included in the clinical
follow-up of pediatric patients. Because blood volumes in
children are related to weight, small-volume sampling extends
the advantage of maintaining in vivo blood volume. In addi-
tion, the technique from our experience seems to be more
tolerated in children who are reluctant to undergo
venipuncture.

A strength of this study is that the study population is
representative of transplanted pediatric patients who visited
our clinic for follow-up visits. The samples were taken by the

phlebotomists on call that day (ie, not called in for study
purposes). They were experienced in capillary blood collec-
tion from pediatric patients and received a brief Mitra
sampling training before initiating the study. In a previous
study, one-third of the Mitra samples were rejected because of
their poor quality and attributed it to the high number of
phlebotomists (n = 75).9 Although our study did not involve
as many phlebotomists (n = 10–12), the clinical applicability
of this novel method was still substantiated because it was
part of a daily routine with several phlebotomists involved.
The quality of the capillary microsampling seemed to be high.

FIGURE 1. Difference plot of tacrolimus
concentrations measured in dried capil-
lary blood microsamples and liquid
venous blood samples for predose (C0,
blue circles) and postdose (C2 or C5, red
diamonds) samples (n = 55). Filled blue
circles indicate both samples within
respective patients’ therapeutic range,
and open symbols indicate at least one
of the measurements outside the range.
Horizontal blue solid line is mean differ-
ence (21.66%), dashed red lines indi-
cate 620% difference, and dashed gray
line zero difference.

FIGURE 2. Passing–Bablok regression
plot of tacrolimus concentrations mea-
sured in dried capillary blood micro-
samples and liquid venous blood
samples for predose (C0, blue circles)
and postdose (C2 or C5, red diamonds)
samples (n = 55). Filled blue circles
indicate both samples within respective
patients’ therapeutic range, and open
symbols indicate at least one of the
measurements outside the range. Gray
dashed line indicates unity, and solid red
line indicate the regression line (y =
0.04663 + 0.9672x).
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We rejected one of the 56 samples because of erroneous
filling (2 tips in a single cartridge). Two samples had irregu-
larities with respect to the specimen bag, although they were
still included in the analyses.

Our primary aim was to cross-validate predose Tac
measurements in dried capillary volumetric microsamples
against standard liquid venous samples. Second, we aimed to
evaluate the quality of microsamples in a subgroup that
underwent simultaneous venous sampling at 2 and/or 5 hours
postdose. Postdose sampling was based on the preferences of
each child, and majority (64%) preferred to avoid additional
venipuncture; hence, fewer postdose sample pairs were
available. Nevertheless, this indicates that the pediatric
population is positive toward finger-prick sample methods
and may prefer capillary microsampling while venipuncture is
believed to be difficult or painful. Approximately 90% of the
capillary/venous sample pairs demonstrated Tac concentra-
tion differences within 620%. A single predose sample pair
had a relative difference outside 630% (+49%), observed in
the low concentration range, both values outside the patient’s
therapeutic range. On the other hand, the sample pair with the
second highest deviation (+27%) was a postdose sample in
the higher concentration range. No explanation for these devi-
ations could be identified. The time difference between the
capillary and venous blood sampling was low, and a potential
time-dependent bias in the analysis was minimized by ran-
domizing the sequence in collection of capillary and venous
samples. The Passing–Bablok regression analysis indicated
no systematic bias and no concentration-dependent bias
because 0 was included in the CI of the intercept and 1 was
included in the CI of the slope. We found no significant
correlation between relative difference in Tac measurements
and hemoglobin suggesting that the hemoglobin range inves-
tigated (8.7–15.6 g/dL) did not affect Tac measurements in
the capillary microsamples. Overall, the results fulfilled the
cross-validation method criteria as given in the European
Medicines Agency Guideline on bioanalytical method
validation.10

Because the quality of capillary volumetric micro-
samples in the pediatric population is comparable with that
of standard liquid venous samples, not only for predose but
also for postdose measurements, this may pave the way for
AUC-targeted Tac TDM. A limited sampling strategy at
home can be used and may be more informative compared
with single measurements performed before consultations and
has been hypothesized to improve outcomes in transplanted
patients.3 Capillary microsampling also allows for repetitive
measures at home, making it ideal for closer follow-up and
monitoring in an age group with a high nonadherence rate.11

CONCLUSION
Tac monitoring in a pediatric population of solid organ

transplant recipients using capillary volumetric microsampling

with the Mitra 10 mL device, demonstrated good concordance
with standard venous sampling procedures. With these cross-
validation results, transplanted children and adolescents are one
step closer to a more convenient home-based blood sampling
method for Tac monitoring.
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