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Abstract:  This research aimed [ quantitatively bioanalyze 6-mercaptopurine (6-MP),
6-methylmercaptopurine (6-MMP), and 6-thioguanosine-5’-monophosphate (6-TGMP) in dried
blood spots (DBS) prepared from a small volume of acute lymphoblastic leukemia (ALL) patients.
Analytes on the DBS an:l were extracted using 90% methanol with 5-fluorouracil (5-FU) as an internal
standard. Analytical separati@ was performed on a Waters Acquity® UPLC BEH AMIDA column of
1.7 pm (2.1 x 100 mm) with a mobile phase mixture of 0.2% formic acid in water and 0.1% formic acid
in acetonitrile-methanol, with gradient elution and a flow rate of 0.2 mL/min. Mass detection of 6-MT,
6-MMP, 6-TGMP, and 5-FU showed m/z values of 153.09 > 119.09, 167.17 > 126.03, 380.16 > 168.00,
and 129.09 > 42.05, respectively. This DBS method had a run time of 5 min and yielded a linear
calibration curve over a range of 25.5-1020 ng/mL for 6-MP, 6-MMF, and 6-TGMP. Analyte analysis in
22 of 24 ALL patients showed that the measured value of 6-TGMP as an active metabolite was in the
range of 29—429 pmol/8 x 108 erythrocytes. Five of 22 patients had concentrations in a therapeutic
range, which indicates that the treatment is effective, while 17 of 24 patients had concentrations below
the therapeutic range, which indicates that a treatment dose adjustment is needed. The measured
value of 6-MMP, an inactive metabolite, was in the range of 28499 pmol /8 x 108 erythrocytes,
which includes concentrations below the hepatotoxic range. The method employed here can thus be
effectively utilized to support therapeutic drug monitoring.
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1. Introduction

Acute lymphoblastic leukemia (ALL) is a malignant (clonal) disease where early lymphoid
precurggys proliferate and replace normal hematopoietic cells in bone marrow [1]. The chemotherapeutic
agent 6-mercaptopurine (6-MP; Figure 1A) is used in most treatment protocols of ALL [2].
6-Mercaptopurine is an antineoplastic drug that belongs to the class of antimetabolites. It is an
inactive prodrug that goes through three metabolic pathways: The first is through the enzyme
hypoxanthine-guanine phosphoribosyltransferase (HGPRT), then into thioinosine monophosphate
(TIMP) and, subsequently, into 6-thioxanthosine-5-monophosphate (TXMP) and active metabolite
6-thioguanosine nucleotides (mono-, di-, and triphosphate). 6-Thioguanosine nucleotides (TGN)
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are active metabolites that incorporate with DNA and induce the breaking of DNA chains.
The second pathway is through the enzyme S-thiopurine methyltransferase (TPMT) to form
6-methylmercaptopurine (6-MMP; Figure 1B), and the third pathway is through the enzyme xanthine
dehydrogenase to form 6-thiouric acid (6-TU), 6-MMP, and 6-TU, which are inactive metabolites [2—].
High active metabolite levels have been correlated with good therapeutic efficacy and hematology
toxicity, whereas high inactive metabolite levels are associated with hepatotoxicity [5]. 6-Mercaptopurine
also displays a range of possible adverse drug reactions and a narrow therapeutic index; hence, the
therapeutic index for each individual needs to be monitored [6].
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Figure 1. Chemical structures of (A) 6-mercaptopurine (6-MP); (B) 6-methylmercaptopurine (6-MMP);
&6-ﬂﬁioguanminc-5’ -monophosphate (6-TGMP); and (D) 5-fluorouracil (5-FU).

Therapeutic drug monitoring (TDM) is a clinical practice for measuring specific drug levels at
designated intervals to ensure that a constant concentration in a patient’s bloodstream is maintained
and thus that individual dosage regiments can be optimized. Blood concentration in the maximum
concentration phase and elimination phase determines the effectiveness of a treatment [7]. 6-MP drug
levels are monitored mostly via venipuncture [3,5,6,8]. The disadvantages of venous blood sampling, one
means of venipuncture, are that it requires large blood samples and, for invasive processes, a phlebotomist.

Dried blood spots (DBS) represent a bio-sampling method that has been denluped recently for
therapeutic drug monitoring [9]. The main benefits of DBS include a potential for long storage periods
at room temperature, convenient transport in envelopes, and minimally-invasive ifpod sampling
without direct sample processing. Since the burden of DBS methods is so low, they are particularly
suitable for the elderly, children, and infants, for whom venipuncture is problematic [10-12].
Previous studies have reported analysis, validation, and applications of 6-MI’ and 6-MMP on childhood
leukemia patients [13,14]. However, use of the DBS method based on analysis of 6-MP, 6-MMP, and
6-TGMP, with a larger number of patients, has not been reported. Here, in order to provide a
reliable therapeutic drug monitoring method, 6-MP was analyzed in DBS from children with acute
lymphoblastic leukemia in the maintenance phase at Dharmais Cancer Hospital.
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2. Materials and Methods

2.1. Reagents and Chemicals

6-Mercaptopurine, 6-methylmercaptopurine and 5-fluorouracil were acquired from Sigma-Aldrich
(Saint Louis, MO, USA). 6-Thioguanosine-5' —monoposphatemTGMP,’ Figure 1C) was acquired from
Jena Bioscience (Lobstedter, Jena, Germany). Acetonitril and methanol high performance liquid
chromatography (HPLC)-grade from Merck (Kenilworth, NJ, USA). All water was HPLC-grade and
prepared using a Millipore Direct-QTM 5 water system (Millipore, Watford, Hertfordshire, UK).

Whole blood was acquired from the Indonesian Red Cross.
2.2, Apparatus and Analytical Conditions

Chromatographic anafffjis was performed using a Waters Acquity® UPLC brifged ethylene
hybrid AMIDA column of 1.7 um (2.1 x 100 mm) (Waters, Milford, MA, USA). m mobile phases
were (.2% formic acid in water and 0.1% formic acid in acetonitrile-methanol. The flow rate was
0.2 mL/min under gradient elution conditions. The run time was approximately 5.0 min. The mass
selective detector in electrospray ionization (ESI) operated in positive mode for analytes and in negative
mode for 5-fluorouracil (5-FU; Figure 1D) as an internal standard (IS). Mass spectrometric detection was
performed on a Waters Xevo TQD Triple Quadrupole (Waters, Milford, MA, USA). Multiple reaction
monitoring was employed with wide mass resolutions for MS1 and wider mass resolutions for MS2.
High-purity nitrogen was used as a source and collision gas. The MS was operated for both and
multiple reaction monitoring mode.

2.3. Method Validation in Dried Blood Spots

The method validation process in this study was performed in accordance with the European
Medicines Agency (EMEA) guidelines of bioanalytical method validation [15§Ejhe full validation
analytical method in dried blood spots was conducted in terms of parameters, selectivity, carry-over,
lower limit of quantification (LLOQ), linear calibration curve, accuracy, precision, the matrix effect,
dilution integrity, and stability parameters.

2.4. Application of the Method
The ALL patients from whom DBS samples were taken fulfilled the following inclusion criteria:

The ALL was in the maintenance phase;
The patient received 6-MP as per a therapeutic protocol and in a steady state;
The patient was 0-18 years old during blood collection; and

Lol A

The patient was without kidney or liver disorders.
25
Blood samples of up to 100 puL were collected at least 8 h after the preceding 6-MP dose

(75 mg/m?/day). The blood was spotted on DBS paper and dried for 3 h. DBS paper was then
inserted into a zip-lock bag and stored at room temperature until analysis was conducted.

2.5. Sample Preparation

The spot sample was cut and placed into a tube. Extraction soluti@@jconsisted of 1 mL of 90%
methanol with 100 uL of internal standard 5-FU. Tubes were sonicated for 25 min at 50 °C. The supematant
was later transferred into test tubes and evaporated with nitrogen for 25 min at 40 °C. The mixture

mstituted in 100 pL of acetonitrile 10% and was then vortexed and sonicated for 10 s. [t was then
centrifuged at 3000 rpm for 10 min, and an aliquot was injected into the chromatographic system.

This research was approved by an ethics committee at Dharmais Cancer Hospital
(No: 019/KEPK/1V /2016).
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3. Results and Discussion

3.1. Method Development and Optimization

Mass detection was performed using Waters Xevo TQD with positive ESI for 6-MP, 6-MML,
and 6-TGMP, and negative ESI for 5-FU in multiple reaction monitoring mode. Detection of 6-MT,
6-MMP, 6-TGMF, and 5-FU showﬂ m/z values of 153.09 > 119.09, 167.17 > 126.03, 380.16 > 168.00, and
129.09 > 42.05, respective e mobile phases were (.2% formic acid in water and 0.1% formic acid
in acetonitrile-methanol. The flow rate was 0.2 mL /min under gradient elution conditions, and the
run time was approximately 5.0 min. Representative chromatograms of the finalized chromatographic
conditions, showing 6-MP, 6-MMP, 6-TGMP, and 5-FU, are depicted in Figure 2.

SAMarunl_unuriM 6-Methylmercaptopurine 6-Thi o1 ine-5" h hat
F1:MRM of 10 channels ES+ F1:MRM of 10 channeis ES+ F1:MRM of 10 channels ES+
1531 > 11900 167.05> 126 03 380.16 > 168
8.193e+005 1.204e+005 1.734e+004
100 i | o 100 St 100 STaguasiis st
168 106 183

min

200 4.00

S-Fluorouracil
F2ZMRM of 1 channel ES-

129.15 = 42.05
2 -
100 § 2 646e+004
%
0‘ T = T MmN
400

Figure 2. Chromatograms of 6-mercaptopurine, 6-methylmercaptopurine, 6-thioguanosine-5'-
monophosphate, and 5-fluorouracil.

3.2. Method Validation
Sirrmgmenus DBS analysis of 6-MP, 6-MMP, and 6-TGMP in vitro was valid. All parameters
fulfilled the acceptance criteria of the EMEA Bioanalytical Method Validation Guideline [16].

3.2.1. Selectivity

No interference or extra peak was observed in endogen compounds, which were investigated
by analyzing six different sources (hematocrit and blood type). The selectivity of the method was
determined by quantifying analytes at LLOQ concentrations. Absence of interfering components is
acceptable where the response is less than 20% of the LLOQ for analytes and the internal standard.

3.2.2. Linearity and the Lower Limit of Quantification

Linearity was achieved in a range of 25.5-1020 ng/mL for 6-MP and 6-MMTF and a range of
51-1020 ng/mL for 6-TGMP. The linear regression of each calibration curve result was consistent with
correlation coefficients (R2) > 0.9940, 0.9878, and 0.9882, nespectivelm,LOQ concentrations of 6-MP
and 6-MMP were both 25.5 ng/mL, and that of 6-TGMP was 51 ng/mL.
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3.2.3. Accuracy and Precision
Y =

Accuracy and precision were determined at four concentrations, the LLOQ, low-dlality control
(LQC), medium-quality control (MQC), and high-quality control (HQC). The pmcedu@vas evaluated
by analyzing samples within-run and betvﬂﬁrmn. Both parameters should be <15% for the QC
samples and shoffl be <20% for the LLOQ. Within-run and between-run precision and accuracy were
always less than 15% for the QC samples and less than 20% for the LLOQ.

3.2.4. The Matrix Effect

The matrix effect was assessed using at least six lots of blank matrix from individual donors.
The result indicated that ion suppression affected the ionization in LC-MS/MS. Ion suppression or
enhancement within 10% indicates no interference affecting the ionization of analytes [17]. In this
analysis with DBS, most target compounds showed ion suppression values above 10%, indicating that
DBS card components had considerable effects on the ionization of the analytes. Accuracy was always
less than 15% for the analytes and internal standard.

3.25. Dilution Integrity

The dilution integrity test aimed to ensure that the dilution of samples did not affect accuracy or
precision. Data dilution integrity in % and % of the ULOQ was always less than 15% for the analytes.

3.2.6. Stability

The storage stability of analytes in [PF§ was evaluated to determine whether degradation
occurred during long-term storage. Stability was determined by analygfi§g QC samples stored at room
temperature over a period of 30, 60, and 90 days. The QC samples did not show degradation after
90 days of storage at —20 °C, which was a deviation from freshly prepared stock. The analytes were
stable for 90 days with a differential from —1.45 to 11.44%, respectively.

3.2.7. Analysis of Study Samples

All samples were obta.iJEat least 6 days and 8 h after the preceding 6-MP dose (75 mg/mzlday).
The rule of thumb is that a steady state will be achieved after five half-life periods (97% of steady
state achieved) [1]. Monitoring of 6-MP levels and its metabolites in the blood is necessary to obtain
appropriate information regarding the availability of 6-MP metabolites in both active and inactive
metabolites in individual therapy. In the case of chemotherapy, clinical research not only relates
to drug efficacy alone, but also reduces the side effects associated with chemotherapy, which is the
focus of several studies. This approach is particularly important for ALL patients receiving 6-MP
therapy because this drug has therapeutic and hepatotoxicity yield variability [2,6]. The concefgftion
of 6-TGN in plasma was less than 3% compared to whole blood, and 6-MMP” was found in plasma
samples with levels no higher than 5% compared with those measured in whole blood [18].

The 6-TGMP, as an active metabolite, was found in 22 of 24 patient samples, with the lowest level
being 51 ng/mL or 29 pmol/8 x 108 erythrocytes (assuming 0.04 x 10 erythrocytes per 100 pL of
packed erythrocytes) from Patient SN18, and the highest level being 429 pmol/8 x 108 erythrocytes
from Patient SN24. LLOQ concentrations were not available in two patients’ samples. The lowest level
of 6-MMP, as an inactive metabolite, was 28 pmol/8 x 108 erythrocytes from Patient SNO1, and the
highest level was 499 pmol/8 x 108 erythrocytes from Patient SN04. LLOQ concentrations were not
available in seven patients’ samples. Results are shown in Table 1 and Figure 3.
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Table 1. Drug concentrations in dried blood spots (DBS) from ALL patients.

Mean Measured Concentration &+ SD (n = 2)

Donor ng/mL Pmol/8 x 10% Erythrocytes
6-MP 6-MMP 6-TGMP 6-MP 6-MMP  6-TGMP

SN0 N/A 56.5 + 3.57 401.19 £19.53 N/A 79.38 246.89
SNO2 100.27 £ 14.81 N/A 7859 £ 1.31 135.57 N/A 42.42
SN03 N/A N/A 148.45 £ 6.72 N/A N/A 7572
SN04 N/A 315.09 £ 349 668.32 £9.19 N/A 392.38 364.52
SNO05 N/A N/A 87.34 + 3.87 N/A N/A 48.51
SNO06 N/A 465.85 +9.14 £854.01 +8.24 N/A 498.90 400.58
SN07 N/A N/A 182.02 £ 1294 N/A N/A 96.05
SNO08 N/A N/A 182.02 £ 0.72 N/A N/A 96.05
SN09 N/A N/A 9220 +£5.52 N/A N/A 42.86
SN10 N/A N/A 112.58 £5.53 N/A N/A 57.82
SN11 N/A 50.52 £ 3.00 319.88 £ 15.89 N/A 53.04 147.11
SN12 37.86 £0.59 158.98 £ 0.26 21999 £17.15 56.93 218.90 132.67
SN13 38.23 £0.74 164.96 £ 5.40 431.25 £ 1299 56.35 222.69 25498
SN14 3313 £ 1499 158.75 £ 12.62 400.73 £ 19.02 40.93 179.59 198.56
SN15 9211 £ 1498 19273 £ 4.31 66.19 £ 13.23 101.42 194.32 2923
SN16 3718 £1.50 217.26 £ 1441 107.39 £ 0.53 4928 26373 57.09
SN17 N/A 157.15 £ 2.24 N/A N/A 177.78 N/A
SN18 N/A 133.92 + 8.89 51.13 +£3.32 N/A 172.75 28.86
SN19 N/A 129.91 £ 043 N/A N/A 136.39 N/A
SN20 30.30 £ 7.88 153.94 £9.50 76.83 £ 8.60 36.57 170.16 37.19
SN21 N/A 8397 £1.27 81037 +£13.16 N/A 97.74 41317
SN22 30.94 +549 70.91 £ 2.40 300.27 £10.15 40.71 85.43 158.45
SN23 N/A 64.23 £0.26 129.14 £ 1145 N/A BL.76 72.88
SN24 N/A 2406 £591 85336 £ 1740 N/A 27.61 428.88

SNO1: subject number 1; 6-MP: 6-mercaptopurine; 5-MMP: 6-methylmercaptopurine; 6-TGMP: 6-thioguanosine-5'-
monophosphate; N/A: notavailable.
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Figure 3. Concentrations of 6-mercaptopurine (6-MP), 6-methylmercaptopurine (6-MMP), and
6-thioguanosine-5'-monophosphate (6-TGMP) in dried blood spots (DBS) from 24 ALL patients.

Concentrations of 6-TGMP in patients varied. A percentage of 22.7% of patients had
concentrations in the therapeutic range, which indicates that the treatment was effective, while 73.7%
had concentrations below the therapeutic range, which indicates that a dose adjustment is needed.
These latter patients, thus, show a risk of relapse [19]. Concentrations of 6-MMP in 17 patients were
below hepatotoxicity thresholds. The value of monitoring 6-mercaptopurine therapy with erythrocyte
6-TGN and ﬁ—MgP concentrations has, thus, been established, and therapeutic thresh{as have been
associated with increased likelihood efficacy (6-TGN: 235 pmol/8 x 108 erythrocytes), increased risk
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for leukopenia (6-TGN: 450 pmol /8 x 108 erythrocytes), and increased risk for hepatotoxicity (6-MMTI:
>5700 pmol /8 x 108 erythrocytes) [20,21].

Individual drug therapy trials using this test protocol should provide valuable information for
medical practitioners with regard to improving the effectiveness of ALL therapy and reducing the
associated side effects. Based on these result, 6-MP dosages can be adjusted so as to maintain remission
and prevent toxicity. The DBS method using LC-MS/MS can be used to adjust the 6-mercaptopurin
dose of ALL patients in efforts to achieve the maximum therapeutic benefit with minimum side effects.

4. Conclusions

The DBS method was utilized to quantitatively analyze 6-MP, 6-MMP, and 6-TGMP concentrations
in 24 ALL patients. A total of 27.3% of patients had concentrations in the therapeutic range,
which indicates that the treatment is effective, while 73.7% of patients had concentrations below
the therapeutic range, which indicates that a treatment dose adjustment is needed. The 6-MMP
metabolite levels obtained from 17 patients were below hepatotoxicity thresholds. This method was,
thus, effectively utilized for therapeutic drug monitoring,

Author Contributions: Supandi Supandi and Yahdiana Harahap conceived and designed the experiment and
analyzed the data; Harmita Harmita and Rizka Andalusia performed the experiments; Yahdiana Harahap
contributed reagents /materials/analysis tools; and Supandi Supandi and Yahdiana Harahap wrote the paper.

Acknowledgments: The authors are very grateful to the Directorate of Research and Community Services (DRPM)
iversitas Indonesia for finandal support to conduct this research via “Hibah Tugas Akhir Mahasiswa Doktor 2018

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Dipiro, |.T; Talbert, R.L.; Yee, G.C.R.; Matzke, G.; Wells, B.G.; Michael, L.P. Pharmacotherapy a Pathophysiologic
Approach, 7th ed.; The McGraw-Hill Companies: New York, NY, USA, 2008; pp. 19-20, 733-735.

2. Hunger, S.P; Mullighan, C.G. Acute lymphoblastic leukemia in children. N. Engl. . Med. 2015, 375,1541-1552.
[CrossRef] [PubMed]

3. De Nicolo, A.; Agnesod, D.; Simiele, M.; Rigan, D.; Adriani, A.; Canaparo, R; D’Avolio, A.
UPLC-MS/MS method for quantification of the azathioprine metabolites 6-mercaptoguanosine and 6-methyl
mercaptopurine riboside in peripheral blood mononuclear cells. |. Pharm. Biomed. Anal. 2014, 98, 271-278.
[CrossRef] [PubMed]

4. Lennard, L. Implementation of TPMT testing. Br. [. Clin. Pharmacol. 2013, 77, 704-714. [CrossRef] [PubMed]

5. Dervieux, T.; Meyer, G.; Barham, R.; Matsutani, M.; Barry, M., Boulieu, R.; Seidmans, E.
Liquid chromatography-tandem mass spectrometry analysis of erythrocyte thiopurine nucleotides
and effect of thiopurine methyltransferase gene variants on these metabolites in patients receiving
azathioprine /6-mercaptopurine therapy. Clin. Chem. 2005, 51, 2074-2084. [CrossRef] [PubMed]

6. -Chobashy, M.A.; Hassan, S.A.; Abdelaziz, D.H.; Elhosseiny, N.M.; Sabry, N.A.; Attia, A.S.; El-Sayed, M.H.
Development and validation of LCMS/MS assay for the simultaneous determination of methotrexate,
6-mercaptopurine and its active metabolite 6-thioguanine in plasma of children with acute lymphoblastic
leukemia: Correlation with genetic polymorphism. . Chromatogr. B 2016, 1038, 88-94. [CrossRef] [PubMed]

7. Wilhelm, A.].; den-Burger, ].C.G.; Swart, E.L. Therapeutic Drug Monitoring by Dried Blood Spot: Progress to
Date and Future Directions. Clin. Pharmacokinet. 2014, 53, 961-973. [CrossRef] [PubMed]

8. Kirchherr, H.; Shipkova, M.; Von-ahsen, N. Improved method for therapeutic drug monitoring of
6-thioguanine nucleotides and 6-methylmercaptopurine in whole-blood by LC/MSMS using isotope-labeled
internal standards. Ther. Drug Monit. 2013, 35, 313-321. [CrossRef] [PubMed]

9. Weber, |.; Stefanie, O.; Andrea, B.; Klaus, T.; Rainer, L.; Georg, H. Validation of a dried blood spot method
for therapeutic drug monitoring of citalopram, mirtazapine and risperidone and its active metabolite
9-hydroxyrisperidone using HPLC-MS. . Pharm. Biomed. Anal. 2017, 140, 347-354. [CrossRef] [PubMed]

10. Déglon, J.; Thomas, A.; Mangin, P; Staub, C. Direct analysis of dried blood spots coupled with mass
spectrometry: Concepts and biomedical applications. Anal. Bioanal. Chem. 2012, 402, 2485-2498. [CrossRef]
[PubMed]




Sci. Pharm. 2018, 86, 18 Bof8

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chambers, A.; Percy, A.; Yang, ].; Camenzind, A.; Borchers, C. Multiplexed quantitation of endogenous
proteins in dried blood spots by multiple reaction monitoring-mass spectrometry. Mol. Cell. Proteom. 2013,
12, 781-791. [CrossRef] [PubMed]
Hempen, C.M.; Koster, E.H.M.; Ooms, J.A. Hematocrit-independent recovery of immunosuppressants from
DBS using heated flow-through desorption. Bioanalysis 2015, 7, 2019-2029. [CrossRef] [PubMed]
Supandi, S; Harahap, Y.; Harmita, H.; Andalusia, R; Ika, M. Analysis of 6é-mercaptopurine and
6-methylmercaptopurine in dried blood spots using liquid chromatography-tandem mass spectrometry and its
application in childhood acute lymphoblastic leukemia patients. Asian [. Pharm. Clin. Res. 2017, 10, 120-125.
[CrossRef]
Supandi, S.; Harahap, Y.; Harmita, H.; Andalusia, R.; Ika, M.; Azizah, N. Simultaneous analytical method of
6-mercaptopurine and 6-methylmercaptopurine in vitro study with bio-sampling venipuncture and dried
blood spot. J. Glob. Pharma Technol. 2017, 9, 77-84.
European Medicines Agency (EMEA). Committee for Medicinal Products for Human Use (CHMP): Guideline on
Bioanalytical Method Validation; European Medicines Agency: London, UK, 2011.
Supandi, S; Harahap, Y.; Harmita, H.; Andalusia, R. Simultaneous analysis of 6-mercaptopurine,
6-methylmercaptopurine, and 6-thioguanosine-5'-monophosphate in dried blood spot using ultra
performance liquid chromatography tandem mass spectrometry. Indoies. |. Chem. 2018, in press.
Matuszewski, B.K.; Constanzer, M.L.; Chavez-Eng, C.M. Strategies for the assessment of matrix effect in
quantitative bioanalytical methods based on HPLC-MS/MS. Anal. Chem. 2003, 203, 3019-3030. [CrossRef]
Erb, N.; Haverland, U.; Harms, D.O.; Eccherich, G.; Janka-Schaub, G. High-performance liquid
chromatography assay of metabolites of thioguanine and mercaptopurine in capillary blood. ]. Chromatogr. B
2003, 796, 87-94. [CrossRef]
Bhatia, S.; Landier, W.; Hageman, L.; Chen, Y.; Kim, H.; Sun, C.L.; Kornegay, N.; Evans, W.E_; Angiolillo, A.L;
Bostrom, B.; et al. Systemic exposure to thiopurines and risk of relapse in children with acute lymphoblastic
leukemia: A children’s oncology group study. JAMA Oncol. 2015, 1, 287-295. [CrossRef] [PubMed]
Beaumais, T.A.; Fakhoury, M.; Medard, Y.; Azougagh, S.; Zhang, D.; Yakouben, K.; Jacqz-Aigrain, E.
Determinants of mercaptopurine toxicity in paediatric acute lymphoblastic leukemia maintenance therapy.
Br. J. Clin. Pharmacol. 2010, 71, 575-584. [CrossRef] [PubMed]
Stork, L.C.; Matloub, Y.; Broxson, E.; La, M.; Yanofsky, R.; Sather, H.; Gaynon, PS. Oral 6-mercaptopurine
versus oral 6-thioguanine and veno-occlusive disease in children with standard-risk acute lymphoblastic
leukemia: Report of the Children’s Oncology Group CCG-1952 clinical trial. Blood 2010, 115, 2740-2748.
[CrossRef] [[‘ubk‘lc%

3

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http:/ /creativecommons.org/ licenses /by /4.0/).




Quantification of 6-Mercaptopurine and Its Metabolites in Patients
with Acute Lympoblastic Leukemia Using Dried Blood Spots and
UPLC-MS/MS

ORIGINALITY REPORT

15. 8. 11%  5u

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Johanna Weber, Stefanie Oberfeld, Andrea 20/
Bonse, Klaus Telger, Rainer Lingg, Georg °
Hempel. "Validation of a dried blood spot
method for therapeutic drug monitoring of
citalopram, mirtazapine and risperidone and its
active metabolite 9-hydroxyrisperidone using
HPLC-MS", Journal of Pharmaceutical and
Biomedical Analysis, 2017

Publication

Submitted to Chonnam National University 1
Student Paper %
tsukuba.repo.nii.ac.j

Internet Source p Jp 1%

docksci.com 1 o
0

Internet Source

=

zenodo.org 1 o
(0]

Internet Source

El




Xiao-Jia Ni, Zhan-Zhang Wang, De-Wei Shang,
Hao-Yang Lu, Ming Zhang, Yu-Guan Wen.
"Simultaneous analysis of olanzapine,
fluoxetine, and norfluoxetine in human plasma
using liquid chromatography-mass spectrometry
and its application to a pharmacokinetic study”,
Journal of Chromatography B, 2018

Publication

1o

=0

dmd.aspetjournals.org

Internet Source

1o

sintadev.ristekdikti.go.id

Internet Source

1o

eymj.org

Internet Source

1o

RN
(@)

Amedeo De Nicolo, Danilo Agnesod, Marco
Simiele, Danila Rigano et al. "UPLC-MS/MS
method for quantification of the azathioprine
metabolites 6-mercaptoguanosine and 6-
methylmercaptopurine riboside in peripheral
blood mononuclear cells", Journal of
Pharmaceutical and Biomedical Analysis, 2014

Publication

1o

—
—

electronicsandbooks.com

Internet Source

1o

bmcneurol.biomedcentral.com

Internet Source

1o




Submitted to Chungnam National University <1 o
0

Student Paper

14

Erb, N.. "High-performance liquid <1 y
chromatographic assay of metabolites of °
thioguanine and mercaptopurine in capillary

blood", Journal of Chromatography B, 20031025

Publication

Van Damme, Thomas, Yanhua Zhang, Fredéric <
Lynen, and Pat Sandra. "Determination of cyclic
guanosine- and cyclic adenosine

monophosphate (cGMP and cAMP) in human
plasma and animal tissues by solid phase

extraction on silica and liquid chromatography—

triple quadrupole mass spectrometry", Journal of
Chromatography B, 2012.

Publication

1o

Su.bmltted to Adventist University of Health < 1 o
Sciences
Student Paper
www.|jchps.com
Internet Sjourcep <1 %
"Zebrafish in Translational Cancer Research: 1
<1%

Insight into Leukemia, Melanoma, Glioma and
Endocrine Tumor Biology", Genes, 2017

Publication

Submitted to Higher Education Commission



Pakistan

Student Paper < 1 o
x]\:(\a/vm\é\t/.sitlgeeshare.net <1 o
Hyun-Jin Kim, Shin-Hee Kim, Semi Kim, Jae- <1 o

Sung Ahn, Ju-Seop Kang. "Clinical °

Pharmacokinetic and Bioequivalence Studies of

Two Brands of Cephradine in Healthy Korean

Using HPLC Method", Pharmacology &

Pharmacy, 2018

Publication
N Bennani, H Fabre. "Performances of a <1 .

: : Yo
capillary electrophoresis method for the

determination of meso-inositol in a tablet

formulation”, Analytica Chimica Acta, 2001

Publication
Marion Soichot, Bruno Mégarbane, Pascal <1 o

Houzé, Lucie Chevillard et al. "Development, °

validation and clinical application of a LC-

MS/MS method for the simultaneous

quantification of hydroxychloroquine and its

active metabolites in human whole blood",

Journal of Pharmaceutical and Biomedical

Analysis, 2014

Publication
Pinaki Sengupta. "LC-MS—-MS Development <1 o

and Validation for Simultaneous Quantitation of



Metformin, Glimepiride and Pioglitazone in
Human Plasma and Its Application to a
Bioequivalence Study", Chromatographia,

06/2009

Publication

shura.shu.ac.uk
Internet Source <1 %

Rajeev Jain. "Ultra-performance liquid 1
o <1

chromatography electrospray ionization-tandem

mass spectrometry method for the estimation of

miglitol in human plasma using metformin as the

internal standard", Drug Testing and Analysis,

04/2011

Publication

ub.epsilon.slu.se

Il:r?ternet SEurce <1 %
Pinaki Sengupta. "Development and validation <1 o

of an LC-ESI-MS/MS method for simultaneous
quantitation of olmesartan and pioglitazone in
rat plasma and its pharmacokinetic application”,
Biomedical Chromatography, 2010

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography On



	Quantification of 6-Mercaptopurine and Its Metabolites in Patients with Acute Lympoblastic Leukemia Using Dried Blood Spots and UPLC-MS/MS
	by Supandi Supandi

	Quantification of 6-Mercaptopurine and Its Metabolites in Patients with Acute Lympoblastic Leukemia Using Dried Blood Spots and UPLC-MS/MS
	ORIGINALITY REPORT
	PRIMARY SOURCES


