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Abstract Introduction. Tacrolimus has immunosuppressive effects in vitro through the
inhibition of mixed lymphocyte reactivity and the generation of cytotoxic T cells. There
is a wide variety of laboratory methods for monitoring of immunosuppressive drugs.
There is a growing clinical needfor a new evaluation of these methods.

Material and Method. A total of 17 transplant patients were retrospectively
analyzed. This study aimed to evaluate the concordance between ELISA and
LC-MS/MS methods for measurement of tacrolimus serum trough levels.

Result. Mean tacrolimus blood concentrations in these patients ranged from
2.43-10.07 ng/ml for the ELISA and 3.1-7.6 ng/ml for the LC-MS/MS. We found a
concordance between ELISA and LC-MS/MS but the inter-subject variance coefficient
for the ELISA method was higher than inter-subject variance coefficient for LC-MS/MS.

Conclusion. The results point out the advantages of LC-MS/MS over ELISA in
monitoring tacrolimus levels in pediatric kidney transplanted patients. The lower
inter-subject variance of LC-MS/MS could result in fewer dose changes and an overall
better immunosuppression control.
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Introduction

Early studies have found a good correlation between
the results of tacrolimus blood concentrations determined
by high-performance liquid chromatography tandem-mass
spectrometry (LC-MS/MS) and enzyme-linked immuno-
sorbent assay (ELISA) in solid organ transplanted patient
samples (ALAK & al [1]). Another study found that the
ProTrac Il Tacrolimus ELISA underestimates tacrolimus
concentration by ~25% on average (CAO & al [2]).
However, the PRO-Trac Il Tacrolimus ELISA was
validated for the assessment and management of
tacrolimus blood concentrations to renal transplant
patients (MACFARLANE & al [3]). ELISA used to
measure tacrolimus blood concentrations provided
information of predictive value for managing the risk
of nephrotoxicity, other toxicity, and rejection to liver
transplant patients (VENKATARAMANAN & al [4]).

Recent studies used ELISA as the standard test when
looking at a possible association between Tacrolimus
(FK 506) levels and CMV and Polyoma BK viral loads
(ZHANG & al [5]). Tacrolimus concentration using
different types of ELISA was recommended to be routinely
used to adjust the treatment regimen in renal transplant
patients (WANG & al [6]). ELISA also yielded Tacrolimus
drug concentrations similar to the atomic force microscopy
values (MENOTTA & al [7]). But the emerging wide
variety of laboratory methods currently available for
monitoring of immunosuppressive drugs (ZHANG & al
[8]) requires a new evaluation of these methods.

This study aimed to 1) evaluate time differences in
tacrolimus concentrations monitored in pediatric patients
after organ transplantation, 2) evaluate the concordance
between ELISA and LC-MS/MS for measurement of
tacrolimus concentrations.

Materials and Methods

A total of 17 transplant patients were retrospectively
analyzed. PRO-Trac Il Tacrolimus ELISA was performed
on DSX 4 plates ELISA processing system in the
Immunological Laboratory belonging to the Emergency
Hospital for Children Cluj-Napoca. Tacrolimus (FK 506)
LC-MS/MS was performed in the Laboratoire CERBA
belonging to the Cerba HealthCare group France for the
same patient samples.

Statistical analysis
The data was described by descriptive statistics as mean,
median, interquartile interval (percentile 25% - percentile 75%),

maximum and minimum for quantitative variables and
frequencies for categorical variables. Because there was
missing data in repeated measurements of tacrolimus
concentrations, we included in the study only patients with
at least 2 determinations in the studied time frame. If a
patient did not have determinations for each period, these
were replaced by median value of measurements.

In order to evaluate difference in tacrolimus
concentrations between three time points (T1: 0-3 months,
T2: 3-6 months, T3: 7-9 months), we used the Friedman
and ANOVA tests .

The Bland-Altman analysis also was used to evaluate
the agreement between two methods, because it is
a more appropriate statistical method to compare clinical
techniques that measure the same characteristic (variable).
The overlap between tacrolimus concentrations measured
by the 2 methods was highlighted by the Bland-Altman
graph which was used to describe the absence of any
systematic proportional bias. The averages of the
tacrolimus concentrations determined were represented
against the difference between measurements performed
by ELISA and LC-MS/MS and 95% of the estimated
differences are expected to lie within the limits of
agreement (LoA).The bias and limits of agreement (LoA)
were estimated to assess the performance of two methods,
evaluating the agreement and precision between them.
The inter-assay coefficients of variation (CV) for each
method were also determined and compared.

For all bilateral tests a statistical significance was
considered when p-values <0.05.

Results and Discussion

The difference in tacrolimus concentrations between
three time points (T1: 0-3 months, T2: 3-6 months, T3: 6-9
months) in pediatric patients after organ transplantation:

We included in our study 17 patients with at least 2
ELISA determinations in the periods 0-3 months, 3-6 and
6-9 months and 16 patients who had at least 2 LC-MS/MS
determinations in the above-mentioned periods. The sex
ratio was similar in both groups with 9/8 lot respectively in
the ELISA lot and 7/9 in the LC-MS/MS lot .

We did not find any differences in the concentrations
of tacrolimus determined by ELISA (Friedman test,
x2 (2) = 5.77, p = 0.063) and tacrolimus concentrations
determined by LC-MS/MS (Friedman test, x 2 0.22,
p = 0.895), in either case, the distribution of tacrolimus
concentrations did not show significant variations over
time (Table 1).
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Table 1. Descriptive statistics for tacrolimus concentrations (ng/ml) for each sample of determinations

Time points Mean Median(IQR") Min-max
Tacrolimus blood concentrations (ng/ml ) measured by ELISA (n:=17)

T1@ 8.46 7.30 (5.58-8.11) 2.43-34.20
T20 7.40 5.54 (4.94-7.75) 1.92-30.50
T3¢ 5.83 6.03 (3.40-7.32) 1.76-11.80
Tacrolimus blood concentrations (ng/ml) measured by LC-MS/MS (n.=16)

T1 5.03 4.78 (3.20-6.30) 1.20-10.20
T2 5.35 4.85 (3.50-6.28) 2.20-15.20
T3 5.71 5.45 (4.40-7.25) 3.10-8.20

*|QR=interquartile range (percentile 25% - percentile 75%); @ 0-3 months; ® 4-6 months; € 7-9 months.

The analysis of tacrolimus concentrations agreement
between ELISA and LC-MS/MS

To analyze the concordance of tacrolimus concen-
trations measured by the two methods, only 9 patients had
determinations of tacrolimus by both methods for all three
studied time points (0-3 months, 3-6 months, 6-9 months).

Mean tacrolimus concentrations in these patients range
from 2.43-10.07 ng/ml for the ELISA and 3.1-7.6 ng/ml for

the LC-MS/MS. Although there was an average decrease in
tacrolimus concentration determined by the ELISA, these
differences in tacrolimus concentration means were not
statistically significant (Anova test, F (2; 16) = 1.48,
p = 0.257). Regarding the concentration of tacrolimus
determined by the LC-MS/MS, we did not find statistically
significant differences in the tacrolimus concentration
averages (Anova test, F (2; 16) = 0.09, p = 0.917) (Table 2).

Table 2. Descriptive statistics for tacrolimus concentrations (ng/ml) (n=9)

Tacrolimusblood concentrations (ng/ml)

Time points Mean Median(IQR") Min-max
T1aELISA 7.30 7.67 (4.61-10.10) 2.43-11.90
T2bELISA 6.12 4.94 (3.04-8.54) 1.92-12.20
T3cELISA 5.32 5.03 (3.40-6.73) 2.80-8.80
T12LC-MSIMS 5.58 5.40 (4.50-7.00) 3.10-8.20
T2bLC-MSIMS 5.72 5.30 (4.40-6.70) 3.20-8.40
T3CLC-MSIMS 5.52 5.50 (5.20-6.10) 3.10-8.20

*|QR=interquartile range (percentile25%-percentile75%); @ 0-3months; ®4-6 months; € 7-9 months.

The regression line between the measurement bias
and the differences between the measurements is within the
limits of the concordance (Figure 1). We can say that
the existing bias is negligible. Its trend does not differ
significantly from the zero bias line. The difference
in mean (bias) tacrolimus blood concentration between
ELISA and LC-MS/MS was 0.64ng/ml with LoA ranging
from -4.76 to 6.03.

The inter-assay coefficient of variance for the ELISA
was shown to have a wider range than for LC-MS/MS
(Figure 2).

Tacrolimus trough level concentration has been the
standard for all solid organ post transplant monitoring.
It has been shown to correlate well with AUC levels.
(WONG et al [9]). Target blood concentration recommen-
dations are different for the first year post transplant and
they are dependant on the induction therapy used immediately
after kidney transplantation. Studies recommend aiming

for higher levels in the first 3 months (10-15 ng/ml), some
authors suggest extending these targetsfor months 3-12
(5-15 ng/ml), thereafter tolerating lower levels (5-10 ng/ml)
past 12 months of renal graft survival (MAYER et al [10]).
Studies have shown a decrease in acute rejection episodes
with higher trough levels of tacrolimus (10-15 ng/ml), the
correlation being strongest when looking at the initial
3 months levels. However, this advantage comes at the
expense of increased nephrotoxicity as the levels surpass
the 15 ng/ml threshold (KERSHNER et al [11]).
Tacrolimus has a narrow therapeutic window and there
is important intra- and inter-subject pharmacokinetic
variability, both of these points underline the clinical
imperative for accurate drug level monitoring throughout
the treatment (FILLER et al [12]). Better control of
tacrolimus levels in the first 3 months after transplant
has been linked to better long term graft survival in
pediatric renal transplanted patients (LARKINS et al [13]).
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Figure 2. The difference between inter-assay coefficients of variation for ELISA and LC-MS/MS.

Earlier studies showed that ELISA displayed less
accuracy than LC-MS/MSat lower tacrolimus concen-
trations (STAATZ & al [14]). This decrease in accuracy has
a greater clinical impact while monitoring stable patients
after the first year of renal transplant as the tacrolimus

trough level target decreases with the time from transplant
for all solid organ grafts. A linear correlation (y = 1.0172x +
0.3742, R2 =0.9630) between the assay results by
LC-MS/MS to ELISA in blood has been previously
obtained, but the measurement values of ELISA (19 +/- 9)
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were significantly higher than that of LC-MS/MS (18 +/- 9,
P <0.01) (LI & al [15]). Our finding regarding the greater
inter-assay coefficient of variation for ELISA supports the
data by Li et al In a clinical setting, these results might
determine unnecessary dose lowering that could potentially
be detrimental to long term graft survival, especially in
the first 3 months after transplant as already discussed
previously.

At tacrolimus concentrations ranging from 0.9 to
29.5 ng/mL, comparing results of a newly developed
sandwich ELISA with LC-MS/MS showed a linear
regression: sandwich = 0.99 x LC-MS/MS + 0.10 ng/mL,
r=0.991, Syjx = 1.08 ng/mL (WEI & al [16]). This design
appears to be a better solution in blocking metabolite
cross-reactivity, which has been noted as the main issue
with competitive ELISA kits .

The CVs of LC-MS/MS for therapeutic drug moni-
toring of tacrolimus for the patient samples ranged from
2.0% to 5.4% (ANNESLEY & al [17]) and LC-MRM-MS
was commonly used in routine clinical dosage of
tacrolimus (CARR & al [18]). All methods that used
MS/MS or LC-MS/MS proved more difficult from a
practical point of view, requiring specialized staff and thus
yielding results lower, albeit with a much better specificity.
ELISA methods proved more practical and are more widely
available; unfortunately more and more data suggests that
competitive ELISA methods significantly overestimate the
concentrations of immunosuppressant (TSZYRSZNIC & al
[19]). LC-MS/MS has superior specificity which allows it
to be less susceptible to interference, but this methodology
lacks standardization (MCSHANE & al [20], PATRICHE
(LISA) & al [21]). Therefore high performance liquid
chromatography with various detection methods and
immunoassay methods remain the mainstay therapeutic
drug monitoring tools (MIKA & STEPNOWSKI [22]).
We believe that in the case of calcineurin inhibitors (CNI)
in general, and tacrolimus in pediatric renal transplant
patients in particular, there is a clear advantage in using
LC-MS/MS in guiding immunosuppressive regimens.
This being said, we should aim to better define the link
between appropriate drug level control and clinical or
histological outcomes such as GFR decline, overall renal
graft survival and biopsy proven long term CNI toxicity.

Conclusion

The distribution of tacrolimus concentrations for
ELISA and LC-MS/MD did not show significant variations
over time and the difference between the measurements is
within the limits of the concordance. But the inter-
assaycoefficient of variation for the ELISA was shown to
have a wider range of variability than for LC-MS/MS, thus

ELISA tests seem to be less precise in determination of
tacrolimus for renal transplant pediatric patients leading to
possible unnecessary dose adjustments or overestimation of
treatment efficacy. LC-MS/MS could result in fewer dose
changes and an overall better immunosuppression control.

Acknowledgements

This study was supported by BioService company.

Conflict of Interest

No conflict of interest declared.

References

1. ALAK AM., MOY S, COOK M. P. LIZAK,
NIGGEBIUGGE A., MENARD S., CHILTON A.
An HPLC/MS/MS assay for tacrolimus in patient
blood samples. Correlation with results of an ELISA
assay. J Pharm Biomed Anal, 16: 7-13 (1997).

2. CAO Z.,LINDER M.W., JEVANS A.W., BROWN,
R.G. VALDES J.R.. Comparison of tacrolimus
concentrations measured by the IMx tacrolimus 1l vs
the PRO-TRAC Il FK506 ELISA assays. Clin Chem,
45: 1868-1870 (1999).

3. MACFARLANE G.D., SCHELLER D.G.,
ERSFELD D.L., SHAW L.M., VENKATARMANAN
R., SARKOZI L., MULLINS R., FOX B.R. Analytical
validation of the PRO-Trac Il ELISA for the
determination of tacrolimus (FK506) in whole
blood. Clin Chem, 45: 1449-1458 (1999).

4. VENKATARAMANAN R., SHAW L.M., SARKOZI L.,
MULLINS R., PIRSCH J, MACFARLANE G.,
SCHELLER D., ERSFELD D., FRICK M.,
FITZSIMMONS W.E., VIRJI M., JAIN A,
BRAYMAN K.L., SHAKED A. Clinical utility of
monitoring tacrolimus blood concentrations in liver
transplant patients. J Clin Pharmacol, 41: 542-551
(2001).

5. ZHANG C.W., CHEN X.Q., BAI Y.H., PAN X.D.,
WANG S.L., CAIl' Y., XIAP., WU C.Z, CHEN B.C.
Establishment of a real-time PCR assay for
simultaneously detecting human BKV and CMV DNA
and its application in renal transplantation recipients.
Bing Du Xue Bao, 29: 410-414 (2013).

6. WANGC.Y, XU X,, LI M.C., LI Q., JI S.G. Analysis
of tacrolimus blood concentrations in renal transplant
patients. Genet Mol Res, 14: 3791-3797 (2015).

7. MENOTTA M., BIAGIOTTI S., STREPPA L.,
ROSSI L., MAGNANI M. Label-free quantification of

849



CORNEL ALDEA et al

10.

11.

12.

13.

14.

Tacrolimus in biological samples by atomic force
microscopy. Anal Chim Acta, 884: 90-96 (2015).
ZHANG Y., ZHANG R. Recent advances in
analytical methods for the therapeutic drug monito-
ring of immunosuppressive drugs. Drug Test Anal,
10:81-94 (2018).

WONG K.M., SHEK C.C., CHAU K.F,, LI C.sS.
Abbreviated tacrolimus area-under-the-curve moni-
toring for renal transplant recipients. Am J Kidney Dis,
35:660-666 (2000).

MAYER A.D., DMTRIEWSKY J., SQUIFFLET
J.P., BESSE T., GRABENSEE B., KLEIN B.,
EIGLER F.W., HEEMANN U., PICHLMAYR R.,
BEHREND M., VANRENTERGHEM Y., DONCK J.,
HOOFF J. VAN, CHRISTIAANS M., MORALES
J.M., ANDRES A., JOHNSON R.W., SHORT C,,
BUCHHOLZ B., REHMERT N., LAND W.,
SCHLEIBNER S., FORSYTHE J.L., TALBOT D.,
POHANKA E., et al Multicenter randomized trial
comparing tacrolimus (FK506) and cyclosporine in
the prevention of renal allograft rejection: A report
of the European Tacrolimus Multicenter Renal Study
Group. Transplantation, 64:436-443 (1997).
KERSHEN R.P., FITZSIMMONS W.E. Relationship
of FK506 wholeblood concentrations and efficacy
and toxicity after liver and Kidney transplantation.
Transplantation, 62:920-926 (1996).

FILLER G. Calcineurin inhibitors in pediatricrenal
transplant recipients. Paediatr Drugs, 9: 165-174
(2007).

LARKINS N., MATSELL D. Tacrolimus therapeutic
drug monitoring and pediatricrenal transplant graft
outcomes. Pediatr Transplant, 18: 803-809 (2014).
STAATZ C.E., TAYLOR P.J., TETT S.E. Comparison
of an ELISA and an LC/MS/MS method for measuring
tacrolimus concentrations and making dosage decisions
in transplant recipients. Ther Drug Monit, 24: 607-615
(2002).

15.

16.

17.

18.

19.

20.

21.

22.

LI Y.L., WANG M., TANG Z.Y. Measurement of
tacrolimus in blood with the method of high perfor-
mance liquid chromatography-mass spectrometry,
Zhonghua Yi XueZaZzhi, 88: 2290-2294, (2008).

WEI T.Q., ZHENG Y.F., DUBOWY M., SHARMA M.
Sandwich assay for tacrolimus using 2 antitacro-
limus antibodies. Clin Chem, 60: 621-630 (2014).
ANNESLEY T.M., MCKEOWN D.A., HOLT D.W.,
MUSSELL C., CHAMPARNAUD E., HARTER L.,
CALTON L.J.,, MASON D.S. Standardization of
LC-MS for therapeutic drug monitoring of tacrolimus.
Clin Chem, 59: 1630-1637 (2013).

CARR L., GAGEZ A.L., ESSIG M., SAUVAGE F.L.,
MARQUET P., GASTINEL L.N. Calcineurin activity
assay measurement by liquid chromatography-tandem
mass spectrometry in the multiple reaction monitoring
mode. Clin Chem, 60: 353-360 (2014).

TSZYRSZNIC W., BOROWIEC A., PAWLOWSKAE.,
JAZWIEC R., ZOCHOWSKA D., BARTLO-
MIEJCZYK |, ZEGARSKA J, PACZEK L.,
DADLEZ M. Two rapid ultra performance liquid
chromatography/tandem mass spectrometry (UPLC/
MS/MS) methods with common sample pretreatment
for therapeutic drug monitoring of immunosuppres-
sants compared to immunoassay. J Chromatogr B
Analyt Technol Biomed Life Sci, 928: 9-15 (2013).
MCSHANE A.J.,, BUNCH D.R., WANG S.
Therapeutic drug monitoring of immunosuppressants
by liquid chromatography-mass spectrometry. Clin
Chim Acta, 454: 1-5 (2016).

PATRICHE (LISA) E.L., CROITORU O., COMAN G.,
STEFAN C.S., TUTUNARU D., CUCIUREANU R.
Validation of HPLC method for the determination
of retinol in different dietary supplements, Rom
Biotechnol Lett, 19: 9875-9882 (2014).

MIKA A., STEPNOWSKI P. Current methods of
the analysis of immunosuppressive agents in clinical
materials: A review. J Pharm Biomed Anal, 127: 207-
231 (2016).

850



