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Abstract

Mitotane is a key drug for the treatment of adrenal cortical carcinoma. Due to its nar-

row therapeutic window, 14–20 μg/mL, monitoring its concentration is crucially

important. In this study, a simplified method for measuring mitotane in plasma using

gas chromatography-electron ionization-mass spectrometry (GC-EI-MS) was devel-

oped. Through deproteination and liquid–liquid extraction, mitotane and an internal

standard (IS) were extracted from plasma samples. GC-EI-MS yielded retention times

of 8.2 and 8.7 min, for mitotane and the IS, respectively, with a total run time of

12 min. Selectivity and intra-/inter-batch accuracy and precision analyses provided a

lower limit of quantification of 0.25 μg/mL, and a calibration curve between 0.25 and

40 μg/mL had good linearity (coefficient of determination = 0.992). The matrix effect

factor and percent recovery of the method had good precision. Additionally, long-

term sample stability was observed below 4�C. In a clinical setting, mitotane levels in

plasma from an adrenal cortical carcinoma patient were within calibration range.

Therefore, this simplified method can be applied to routine therapeutic drug monitor-

ing of mitotane, which may contribute to improved treatment of adrenal cortical

carcinoma.
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1 | INTRODUCTION

Mitotane, a key drug for the treatment of adrenal cortical carcinoma

(ACC), has a narrow therapeutic window between 14 and 20 μg/mL;

therefore, it is desirable to routinely perform therapeutic drug

monitoring (TDM). Although several quantitative methods for

enantiomers and major metabolites of mitotane have been developed

(Cantillana, Lindström, Eriksson, Brandt, & Bergman, 2009; Inouye,

Mio, & Sumino, 1987), the lack of antitumor effects of a major metab-

olite, 1,1-(o,p'-dichlorodiphenyl) acetic acid, was recently demon-

strated (Hescot et al., 2014), suggesting the low importance of TDM

of these compounds compared to mitotane. Therefore, a simplified

and rapid quantitative method for TDM of mitotane is clinically

desired, compared to those of metabolites and chiral bodies.

Although validated liquid chromatography (LC) methods for the

measurement of blood (including plasma and serum) mitotane levels
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have been abundantly reported (Andersen, Warren, Nome, Vesterhus,

& Slørdal, 1995; Benecke, Vetter, & De Zeeuw, 1987; De Francia et

al., 2006; Garg, Sakoff, & Ackland, 2011; Moolenaar, Niewint, & Oei,

1977; Sinsheimer et al., 1996), gas chromatography (GC) methods are

rare (Inouye et al., 1987), despite GC being a major analytical method

along with LC. Inouye et al. (1987), previously reported a measure-

ment method for plasma mitotane levels using GC-electron ioniza-

tion-mass spectrometry (GC-EI-MS); however, this method required a

1 h heating of plasma-absorbed filter paper to liberate mitotane. Con-

sidering the fast-paced clinical requirements, these conditions are not

applicable for routine TDM of mitotane. Furthermore, a measurement

method involving a simplified sample preparation procedure has been

recently reported by Feliu et al. (2017); however, this method involves

the use of an ultra-high performance LC (UPLC) system, which may

currently be less common than LC or GC systems, although UPLC

may be more available in future decades. In addition, this procedure

does not involve the use of an internal standard (IS), which creates the

difficulty of judging whether the observation of a low mitotane peak

is due to a low rate of extraction or a low presence of mitotane.

Therefore, for the implementation of routine and on-site analyses, we

determined that a validated method using a common chromatography

system, an internal reference, and a simplified and user-friendly sam-

ple preparation procedure was required.

In this study, we aimed to develop a widely usable method for the

measurement of plasma mitotane levels by GC-EI-MS involving a sim-

plified pretreatment procedure in order to facilitate routine TDM of

mitotane.

2 | EXPERIMENTAL

2.1 | Materials

Details are provided in Supporting Information.

2.2 | Samples for the calibration curve and quality
control

The concentrations of mitotane in pooled human plasma for the cali-

bration curve were 0.25, 0.5, 1, 10, 20, 30, and 40 μg/mL. Quality

control (QC) samples (n = 5 for each concentration) for testing intra-

and inter-batch variability were 0.25, 20, and 40 μg/mL.

2.3 | Sample pretreatment

For deproteination, 40 μL of IS (12.5 μg/mL)-containing methanol was

added to each patient plasma or prepared plasma sample used for the

calibration curve and QC. To each sample, 150 μL of ethyl acetate

was added, followed by vortexing for 10 min. The samples were then

centrifuged at 10,000 rpm for 5 min, and the supernatants (120 μL)

were collected for GC-EI-MS analysis.

2.4 | Instrumentation

A GC-EI-MS (GCMS-QP2010 Ultra, Shimadzu Corp., Kyoto, Japan)

instrument, with a fused-silica capillary column (0.25 ID, 30 m; Agilent

Technologies Inc., Santa Clara, CA, USA) was used. See the Supporting

Information for details on analysis conditions.

2.5 | Data analysis

The slope and intercept of the calibration curve were calculated by

weighted least-squares method (1/x2; x = concentration) using free

software, R (R Core Team, 2018).

2.6 | Intra- and inter-batch accuracy and precision

Intra- and inter-batch variability was determined by analyzing

five replicate QC samples on the same day and over 3 days,

respectively.

2.7 | Matrix effect factor and percent recovery

Details are provided in Supporting Information.

2.8 | Stability

Details are provided in Supporting Information.

2.9 | Validation procedure

The method was validated through a reference of international rec-

ommendations reported by the US Food and Drug Administration (n.

d.) and Viswanathan et al. (2007).

3 | RESULTS AND DISCUSSION

3.1 | Method validation

3.1.1 | Selectivity

Two major chromatographic peaks with retention times of 8.2 and

8.7 min, respectively, were observed while the total runtime was

12 min (Figure S1). Based on their mass spectra, these peaks were

identified as mitotane and the IS, respectively (Figure S2). In test-

ing selectivity, plasma containing 0.25 μg/mL of mitotane showed a

peak having a signal-to-noise ratio 5 for six individual blank

plasma samples (Figure S3); no interference from the IS occurred

(Figure S3).
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3.1.2 | Intra- and inter-batch variability

As shown in Table 1, acceptable intra- and inter-batch variability was

observed. Good linearity of the calibration curve (coefficient of

determination = 0.992) was also confirmed between 0.25 and 40 μg/

mL (Figure FIGURE 1). Based on selectivity, calibration curve linearity,

and variability, 0.25 μg/mL was established as the lower limit of quan-

tification (LLOQ) of the method. It should be noted that the calibra-

tion range and LLOQ obtained are superior to those of previously

reported methods (Andersen et al., 1995; Benecke et al., 1987; De

Francia et al., 2006; Feliu et al., 2017; Garg et al., 2011; Inouye et al.,

1987; Mornar, Serti�c, Turk, Nigovi�c, & Korši�c, 2012).

3.1.3 | Matrix effect factor and percent recovery

The matrix effect factor and percent recovery had acceptable preci-

sion. An unexpectedly large recovery rate (mean = 127.5%) was

observed at 40 μg/mL (Table S1), although this did not have a signifi-

cant effect on calibration linearity or intra-/inter-batch variability.

3.1.4 | Stability

Acceptable accuracy and precision were observed for all stability-test

conditions, with the exceptions of 40 μg/mL mitotane samples stored

at 25�C for 14 and 28 days (Table S2). Therefore, if sample storage is

required, it should be performed at ≤4�C.

3.2 | Clinical applicability of the established
method

Clinical samples were obtained from an ACC patient, and the plasma

mitotane levels were quantitated (Figure S1). The average mitotane

concentration was 10.7 μg/mL (median = 9.1 μg/mL), with minimum

and maximum detected levels of 8.6 and 14.5 μg/mL, respectively

(Table S3). All clinical mitotane levels were within the calibration range

of the established method. Thus, this newly developed, validated, and

simplified quantitative method for mitotane in plasma is considered

applicable to routine TDM, because our method requires only 15 min

for deproteination compared to the 1 h pretreatment time required in

the method by Inouye et al. (1987). We believe that our method with

a simplified and sped-up procedure for sample pretreatment may be

more compatible with a clinical setting.

4 | CONCLUSIONS

A simplified, validated, and clinically applicable GC-EI-MS method for

mitotane in plasma was developed and determined to be applicable

for routine TDM. Treatment involving TDM of mitotane will likely

contribute to improved success of treatment of ACC patients.
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