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Validation of an analytical method using HPLC–MS/MS to
quantify osimertinib in human plasma and supplementary
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Abstract
A new method for quantification of osimertinib (OSIM) in human plasma using a
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high-performance liquid chromatography–tandem mass spectrometry method was
developed and validated. Methanol was used for protein precipitation and pazopanib
as internal standard. Separation was performed on a HyPURITY®C18 analytical column (50 × 2.1 mm; 3 μm) using a gradient elution of ammonium acetate in water and
ammonium acetate in methanol, both acidified with formic acid 0.1%. Detection and
quantification of OSIM and pazopanib was performed using a triple quadruple mass
spectrometer after electrospray ionization. This method led to robust results, as the
selectivity, carryover, precision and accuracy all met pre-specified requirements.
OSIM was stable in human serum when stored at −80 C. Reduced stability was
found when stored at 2–4 C or room temperature. Degradation of OSIM slowed
down in EDTA–plasma and acidified human serum. The limited stability of OSIM at
room temperature should be considered for transport and sample preparation.
Plasma samples should be frozen as soon as possible and sample preparation should
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be performed on dry-ice. In the future, EDTA–plasma and sample acidification may
be used to improve OSIM stability at room temperature. However, more research
and validation of such an approach are required.
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I N T RO DU CT I O N

treatment in patients with EGFR-mutated NSCLC (Mok et al.,
2017; Soria et al., 2018).

Non-small cell lung cancer (NSCLC) is the most prevalent form of

The pharmacokinetics of OSIM have been studied earlier (Brown

lung cancer (Herbst, Heymach, & Lippman, 2008). In roughly 10%

et al., 2017; Planchard et al., 2016; Zhao et al., 2018). Steady-state

of all NSCLC patients a mutation in the epidermal growth factor

conditions are achieved after 15 days. OSIM has a half-life between

receptor (EGFR) can be found (Ferlay et al., 2015). Osimertinib

40 and 50 h, resulting in a relatively flat plasma concentration–time

(OSIM) is a third-generation, irreversible, EGFR-directed tyrosine

curve during steady state. OSIM, and its key metabolites AZ5104 and

kinase inhibitor (TKI), which is registered as first- and second-line

AZ7550, are mainly metabolized by CYP3A and substantial inter-
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patient variability in exposure is seen after multiple administration of

(QC) samples were prepared from the second working solution

OSIM (Planchard et al., 2016; Zhao et al., 2018).

for the validation runs at five different concentrations: lowest
spectrometry

limit of quantification (LLOQ), 25.0 ng/ml; QCLOW, 75.0 ng/ml;

(LC–MS/MS) methods to quantify OSIM in human plasma have previ-

Seven

liquid

chromatography–tandem

mass

QCMED, 250.0 ng/ml; QCHIGH, 375.0 ng/ml and upper limit of

ously been reported (Irie et al., 2019; Janssen et al., 2019; Mitchell,

quantification (ULOQ), 500 ng/ml. For study sample runs QCLOW,

Bailey, Ewles, Swan, & Turpin, 2019; Reis et al., 2018; Rood, van

QCMED and QCHIGH were used.

Bussel, Schellens, Beijnen, & Sparidans, 2016; Veerman, Lam,
Mathijssen, Koolen, & de Bruijn, 2019; Zheng et al., 2018). Four
methods were single-drug methods for OSIM (and its metabolites)

2.3

|

Instrumentation

(Irie et al., 2019; Mitchell et al., 2019; Rood et al., 2016; Zheng et al.,
2018), while two other methods focused on simultaneous determina-

For the analysis a Surveyor® Autosampler Plus with a quaternary MS-

tion of multiple TKIs (Janssen et al., 2019; Reis et al., 2018; Veerman

pump plus and degasser (ThermoFischer, Breda, The Netherlands) as a

et al., 2019). Short-term stability of OSIM has been evaluated in dif-

chromatographic system were used. A TSQ Quantum-Access® tri-

ferent types of plasma and in whole blood, but not one study evalu-

plequad mass spectrometer (ThermoFischer, Breda, the Netherlands)

ated OSIM stability in EDTA–plasma, heparinized plasma, human

with an electrospray ionization interface combined with Excalibur®

serum and whole blood, which makes it difficult to compare the stabil-

software (version 2.2SP1) was used for detection and quantification.

ity results. Therefore, and for research purposes, we developed a sim-

Chromatographic separation was performed on a HyPURITY® C18

ple

analytical column (50 × 2.1 mm, 3 μm, Thermo Fischer Scientific) com-

high-performance

liquid

chromatography–tandem

mass

spectrometry (HPLC–MS/MS) method for the quantitative analysis of

bined with a drop-in guard (HyPURITY® C18, 10 × 2.1 mm, 3 μm).

OSIM in human plasma. Herein, we describe the validation of our
assay together with OSIM stability data in EDTA–plasma, sodium hep-

2.4

arin plasma, whole blood and serum.

|

Sample preparation

The solution for deproteinization was made by adding 2.5 μl PAZO

2

(~10 μg/ml) to 10 ml of methanol. A 20 μl serum sample was pipetted

MATERIAL AND METHODS

|

in an eppendorf cup placed in a container filled with dry-ice. Thereaf-

2.1

ter, 150 μl of deproteinization solution was added and vortexed for

Chemicals and reagents

|

2 min. After vortexing, the Eppendorf cups were centrifuged at
OSIM (free base, purity 95%) and pazopanib (PAZO) (free base, purity

11,300g for 5 min. Subsequently, 100 μl supernatant was pipetted in

98%) were purchased from Toronto Research Chemicals (Toronto,

a glass vial and 400 μl water was added to ensure compatibility with

Ontario, Canada). Methanol (ULC/MS–CC/SFC grade) was purchased

the gradient used during chromatography.

from Biosolve (Valkenswaard, the Netherlands). Acetonitrile (≥99.9%),
2-propanol (≥99.8%) and dimethylsulfoxide (DMSO, ≥99.0%) were
obtained from Merck (Darmstadt, Germany). Drug-free serum (frozen,
no additives) was purchased from Sanquin (Amsterdam, the

2.5 | Chromatographic condition and LC–MS/MS
settings

Netherlands).
Two mobile phases were used for achieving chromatographic separation. Mobile phase A consisted of 2 mM ammonium acetate in water

2.2 | Preparation of calibration standards and
quality controls

(+ 0.1% formic acid). Mobile phase B consisted of 2 mM ammonium
acetate in methanol (+ 0.1% formic acid). The starting gradient was
set at 70% A and 30% B for 0.5 min. After 0.5 min the gradient line-

For the calibration standards and quality controls of OSIM, two

arly increased to 100% B in 2.0 min. A concentration of 100% B was

separately prepared stock solutions (dissolved in DMSO) with a

maintained for 0.3 min after which the gradient was reset to initial

concentration of 1 mg/ml were produced. These were diluted with

conditions and kept steady for 1 min before a new sample was

methanol to a concentration of 10 μg/ml (working solutions). The

injected. The flow during the run was maintained at 500 μl/min.

PAZO

stock

~1 mg

Column temperature was set at 60 C. Autosampler temperature

PAZO

with

concentration

was set at 10 C. The divert valve was set in the waste position for the

solution
100 ml

was

prepared

methanol,

resulting

reconstituting
in

a

of ~10 μg/ml. Both OSIM and PAZO stock solutions were stored

first 1.5 min.

at −80 C until analysis. The calibration standards consisted of six

MS detection was in multiple reaction monitoring mode with the

different concentrations plus a zero and a blank sample. These

following settings: spray voltage, 5000 V; sheath gas pressure, 60;

were prepared by spiking human serum with the working solution.

auxiliary gas pressure, 15; capillary temperature, 360 C; collision gas

The zero sample only consisted of PAZO, while the blank sample

pressure, 1.5 mTorr. Transition of OSIM and PAZO was set at m/z

did

500.3!72.3 and 438.2!357.1, respectively. Collision energies were

not

contain

either

OSIM

or

PAZO.

Quality

control
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24 eV (OSIM) and 27 eV (PAZO). Tube lens values were 96 (OSIM)

of each QC were analyzed. Precision and accuracy were not allowed

and 120 (PAZO).

to exceed 15% for all QCs, except for the LLOQ which was allowed to
remain within 20% (Agency, 2011).

2.6

Method validation

|

2.6.4

|

Matrix effect

The validation was based on the most recent guideline ‘bio-analytical
method validation’ by the European Medicines Agency (European

Matrix effects were determined by calculating the ratio of the peak

Medicines Agency, 2011).

area after spiking the blank matrix with OSIM and PAZO and comparing this with OSIM and PAZO in the mobile phase (70% A–30% B).
This was done for QCLOW and QCHIGH.

2.6.1

|

Selectivity and carryover

Selectivity was evaluated by analyzing six different EDTA–plasma

2.6.5

|

Dilution integrity

samples from patients who were not treated with OSIM. The largest
peaks close to the retention times of OSIM and PAZO were manually

Usually,

integrated. These values were compared with the response of the

(c = 1.5 × ULOQ) 4- and 2-fold (European Medicines Agency, 2011).

lowest response in one of the five LLOQs in the same validation run.

However, during the development of this method, we found that the

The response for OSIM should be <20% of the LLOQ. For PAZO, the

stability of OSIM at room temperature (RT) is shorter than 4 h, as

response should not exceed 5% of the peak area of the internal stan-

reported by Rood et al. (2016). The precise quantification of OSIM

dard. Carryover was tested by injecting a blank plasma sample after

was therefore limited to the whole calibration range, which was suffi-

an ULOQ sample. Analysis was carried out 5-fold. The limits for carry-

cient for our planned study.

dilution

integrity

is

tested

by

diluting

plasma

over are similar to the limits for selectivity [<15% for OSIM (<20% for
LLOQ), and < 5% for PAZO].

2.6.6
2.6.2

|

Lower limit of quantification and linearity

|

Stability

Short- and long-term stabilities of OSIM were determined in human
serum (additives-free) for QCLOW, QCMED and QCHIGH at three differ-

The mean plasma trough concentration in the population has been

ent temperatures (RT, 4 C and − 80 C). For the stock solution of

reported (166 ng/ml) (Verheijen et al., 2017) and no unexpected

OSIM as well as for the working solution, the long-term stability was

results were encountered while analyzing patients samples. The

determined at −80 C. Accuracy was not allowed to exceed 15% of

expected concentrations of patient samples in clinical practice is

the nominal value. Twenty-four-hour stability was tested by re-

≥40 ng/ml, therefore the LLOQ was set at 25 ng/ml. The upper

injecting all QCs and calibration standards in the autosampler

limit of quantification was set at 500 ng/ml, resulting in a calibra-

(maintained at 10 C).

tion range from 25 to 500 ng/ml. In other studies, wider concen-

Short-term stability of OSIM at RT was evaluated in more detail.

tration ranges were used (between 0.5 and 4000 ng/ml) (Reis

Human serum was spiked with OSIM (QCLOW and QCHIGH) and imme-

et al., 2018; Rood et al., 2016; Veerman et al., 2019; Zheng et al.,

diately frozen afterwards. Samples were thawed on another day and

2018), but such a wide concentration range was considered unnec-

stored at RT for 0, 0.5, 1, 1.5, 2, 3, 4, 5 and 6 h before sample prepara-

essary for this analytical method because the results in the planned

tion and analysis.

follow-up study are expected to be

within the range of

Short-term stability of OSIM at RT was also investigated in

25–500 ng/ml. Three calibration curves were constructed (y = ax +

EDTA–plasma, heparinized plasma and whole blood, which was anti-

b, weighting 1/x) and back-calculated concentrations were not

coagulated with EDTA. Additionally, the stability of OSIM was also

allowed to exceed 15% of the nominal value, except for the LLOQ,

evaluated with two patient samples. Stability was evaluated after 0, 2,

which was allowed to remain within 20% of the nominal value

4, 8 and 24 h of storage at RT. EDTA–plasma samples, heparinized

(Agency, 2011).

plasma samples and whole blood samples were spiked with OSIM
(QCLOW and QCHIGH).
A study by Kallepalli et al. indicated that OSIM was more stable in

2.6.3

|

Precision and accuracy

an acidic environment (Kallepalli & Annapurna, 2018). The effect of
pH on the stability of OSIM in human serum was assessed by acidify-

Precision and accuracy of the developed method were determined by

ing or alkalizing human serum with 0.1 ml hydrochloric acid (0.1 M) or

analyzing five different QCs (LLOQ, QCLOW, QCMED, QCHIGH and

0.1 ml sodium hydroxide (0.1

ULOQ) on three different days using freshly prepared calibration stan-

effect of serum, the pH of the samples would be ~2 and 12, respec-

dards to construct the calibration curve. On each day, five replicates

tively. Subsequently, the serum samples were spiked with OSIM

M),

respectively. Barring the buffering
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(QCLOW and QCHIGH). OSIM concentration was determined after 0, 2

3.2

Method validation

|

and 4 h of storage at RT.

3.2.1
3

RESULTS AND DISCUSSION

|

|

Selectivity and carryover

Six blank human plasma samples showed no interfering peaks. Blank
OSIM responses were all <10% (range 0.8–6.7%). Blank IS responses

3.1

|

Method development

were all <0.1% (range 0.0–0.1%). The carryover effect for OSIM did
not exceed 20% of LLOQ (range 7.3–11.1%), while the carryover

Initially, the method described by Rood et al. was adopted, using a

effect for PAZO was <0.2% of IS (range = 0.1–0.2%).

salting-out liquid–liquid extraction (Rood et al., 2016). After extraction
and centrifugation the clear and colorless extract was transferred and
tested for residual dissolved protein. The extract turned milky after

3.2.2

|

Calibration and linearity

adding methanol, indicating residual dissolved protein to be present.
As continuous injection of dissolved protein on the chromatographic

The calibration curves were linear over the examined range

column would lead to amorphous peaks and a reduced lifespan of the

(25–500 ng/ml). The coefficient of determination varied between

column, simply adopting this method was not possible. Therefore, a

0.9964 and 0.9989.

new method for sample preparation was developed in which methanol was used for protein precipitation. This is largely comparable with
the sample preparation described in other studies, which used aceto-

3.2.3

|

Precision and accuracy

nitrile for protein precipitation (Reis et al., 2018; Veerman et al., 2019;
Zheng et al., 2018).

The results of the precision and accuracy of the analysis are shown in

Preferably, labeled OSIM should have been used as internal stan-

Table 1. The mean intra- and inter-day precisions of OSIM were 5.0

dard. However, this was not commercially available at the time, and

and 3.9%. The mean intra- and inter-day accuracies were 91.2 and 94.

therefore PAZO has been used as internal standard. For OSIM and

7%. All precisions and accuracies met the pre-specified requirements

PAZO the most abundant fragments were chosen (OSIM 500.3 !

(<15 or <20%).

72.3 and PAZO 438.2 ! 357.1), which were similar to the transitions
used in the study by Rood et al. (2016).
Several gradients were investigated but no gradient was found

3.2.4

|

Matrix effect

competent to co-elute OSIM and PAZO exactly simultaneously,
thereby minimizing the risk of ion-suppression or -enhancement.

The matrix effect was evaluated using QCLOW and QCHIGH. The coef-

OSIM and PAZO were slightly separated at every evaluated gradient,

ficient of variation was 12.8 and 12.2%, respectively.

as shown in Figure 1. Additionally, calibration curves were created
using three different plasma batches (data not shown). This was done
prior to the start of the validation. The slope of the three calibration

3.2.5

|

Stability

curves were compared and no differences were encountered regarding possible ion suppression or ion enhancement.

Short- and long-term stability

During method development carryover was observed with OSIM.

The results of the short- and long-term stabilities of OSIM in human

A flush/needle-wash solution of water and methanol (50:50) was not

serum (additives-free) are shown in Table 2. Stability was tested using

sufficient to reduce the carryover to required levels. Carryover was

three different concentrations (QCLOW, QCMED and QCHIGH). The con-

significantly reduced by using a flush/needle-wash solution containing

centration of OSIM in human serum declined rapidly when stored at

water, methanol, acetonitrile and isopropanol (25% each). The optimi-

RT. After 24 h, the concentration of OSIM had decreased to 0.8%

zation of the sample preparation was carried out by varying the vol-

(QCLOW), 1.9% (QCMED) and 7.5% (QCHIGH). When stored at 4 C, the

ume of methanol. Dilution varied from ~1:1 to 1:7 (sample/methanol).

decline in concentration was less considerable than at RT; however,

At every extract, additional methanol was added to visually check for

after 24 h the concentrations of OSIM had fallen to 55.3% (QCLOW),

residual protein (milky extract). Dilution 1:1 to 1:5 resulted in milky

61.5% (QCMED) and 63.3% (QCHIGH). Because the concentrations after

extracts (visually expected). Dilution 1:6 gave a clear extract. To

24 h were far below the required norm, stability at those tempera-

ensure sufficient deproteinization a dilution of ~1:7.5 was used at the

tures was not further evaluated. Nonetheless, OSIM proved to be sta-

start of the method validation of the method (20 μl sample + 150 μl

ble when stored at −80 C, which was tested after 1, 3 and 6 months

methanol).

(QCLOW, 105.3, 109.2 and 93.5%; QCMED, 102.2, 109.3 and 95.2%;

As stability of OSIM at RT was considerably worse than described

QCHIGH, 104.6, 105.0 and 95.9%).

by Rood et al. (2016), sample preparation was performed on dry-ice

Short-term stability of OSIM in human serum at RT was investi-

to reduce degradation during sample preparation. It has been shown

gated in more detail (Tables 3 and S1). The calculated concentrations

that OSIM is stable when stored on ice (Veerman et al., 2019).

were compared with the starting concentration at T = 0. Similar to the

5 of 9

VAN VEELEN ET AL.

F I G U R E 1 'Relative abundances of the chromatograms of osimertinib and pazopanib for a blank sample (upper), the LLOQ (middle) and a
patient sample (lower). The maximum signal for osimertinib were 4.91E2 (blank sample), 1.04E5 (LLOQ) and 1.16E5 (patient sample).'
earlier results, the concentration of OSIM decreased drastically over

concentrations of OSIM in human serum declined below 85% of the

time. After 4 h of storage at RT the concentration of OSIM had

original concentration after 0.5 h for QCLOW and after 1 h for

dropped to

QCHIGH.

TABLE 1

18.6% (QCLOW)

and

54.1%

(QCHIGH),

but

the

Intra- and inter-day accuracy and precision of osimertinib in spiked human serum samples

Nominal
concentration
(ng/L)

Mean concentration
(n = 15) (ng/ml)

Intra-day precision
(n = 5) (%)

Inter-day precision
(n = 15) (%)

Intra-day accuracy
(n = 5) (%)

Inter-day accuracy
(n = 15) (%)

LLOQ (25.0)

24.9

8.0

4.7

98.1

99.5

QCLOW (75.0)

65.9

3.9

2.0

85.9

87.9

QCMED (250.0)

233.8

3.3

3.2

90.5

93.5

QCHIGH (375.0)

357.6

6.9

3.9

90.4

95.4

HLOQ (500.0)

485.4

2.8

5.6

90.9

97.1

Mean

—

5.0

3.9

91.2

94.7

LLOQ, lower limit of quantification; QCLOW, quality control low-level; QCMED, quality control mid-level; QCHIGH, quality control high-level; ULOQ, upper
limit of quantification; n = number of samples.

6 of 9

RT, room temperature; QCLOW, quality control low-level; QCMED, quality
control mid-level; QCHIGH, quality control high-level. Results are mean
concentration compared with nominal value. All concentrations were
analyzed in duplicate.

—

—
—

—
—

7.5

—

63.3

1.9

—

61.5

0.8

—

55.3

1

14.9

1

15–25 (RT)

37.8

2–8

3.2

95.9

14.1

105.0

95.2

91.1

109.3

93.5

95.6

109.2

180

79.5

90

−80

89.4

−80

100

104.6

100

102.2

100

105.3

100

30

[C]/[C0]
QCLOW
(%)

Accuracy
QCHIGH (%)

[C]/[C0]
QCHIGH
(%)

Accuracy
QCMED (%)

[C]/[C0]
QCLOW
(%)

Accuracy
QCLOW (%)

−80

Time
(days)

Acidified serum

Temperature
( C)

Alkalized serum

T A B L E 2 Stability of osimertinib in human serum at various
storage conditions

[C]/[C0]
QCHIGH
(%)

VAN VEELEN ET AL.

concentrations.

2.9

46.3
37.1

2.0
64.4

86.3
83.9

60.1
5.8

60.4

—

5.3

—

57.7

83.4

72.1
67.1

86.4
96.1

86.4
91.9

99.1
90.6

100.0
100.0

[C]/[C0]
QCLOW
(%)
[C]/[C0]
QCHIGH
(%)

100.0
100.0
100

84.4
84.5

89.6

—

of OSIM because storage at RT would inevitably lead to lower OSIM-

—

in this study, it was decided not to evaluate the freeze–thaw stability

TABLE 3

et al., 2018). Owing to the rapid decline of OSIM at RT encountered

24.0

(Reis et al., 2018; Rood et al., 2016; Veerman et al., 2019; Zheng

8.0

Freeze–thaw stability of OSIM was performed in other studies
and all reported sufficient accuracy after three freeze–thaw cycles

54.1

an alkaline environment.

73.6

was relatively stable in an acidic environment but degraded rapidly in

18.6

presented by Kallepalli & Annapurna (2018), which showed that OSIM

37.6

when human serum was alkalized. These results match the results

4.0

79.5% (QCLOW) and 91.1% (QCHIGH) in an acidic environment, while
the concentration of OSIM fell to 3.2% (QCLOW) and 14.9% (QCHIGH)

2.0

After 4 h of storage at RT the concentration of OSIM decreased to

100.0

was more stable in acidified serum as compared with alkalized serum.

100

The effect of pH on OSIM stability is shown in Table 3. OSIM

100

24 h (results not shown).

0.0

tion of OSIM had decreased to 79.2% (QCLOW) and 96.6%
(QCHIGH) after 4 h and to 53.6% (QCLOW) and 91.0% (QCLOW) after

[C]/[C0]
QCLOW
(%)

96.3% (QCHIGH). After 24 h at RT the concentration fell to 54.7%
(QCLOW) and 93.6% (QCHIGH). Upon storage at 4 C the concentra-

[C]/[C0]
patient II
(%)

concentration of OSIM had decreased to 88.4% (QCLOW) and

[C]/[C0]
patient I
(%)

shown in Table 3. After 4 h of storage at room temperature the

[C]/[C0]
QCHIGH
(%)

The stability of OSIM in whole blood at room temperature is

[C]/[C0]
QCLOW
(%)

(QCLOW) and 2.9% (QCHIGH).

Time
(h)

declined to 67.1% (QCLOW) and 72.1% (QCHIGH) after 4 h and to 2.0%

EDTA plasma

ized plasma the decrease was noticeably larger, as the concentration

Patient samples

and to 60.1% (QCLOW) and 64.4% (QCHIGH) after 24 hours. In heparin-

Short-term stability of osimertinib at room temperature in serum, plasma and whole blood

EDTA–plasma had decreased to 91.9% (QCLOW) and 86.4% (QCHIGH)

Human serum

Figure S1. After 4 h of storage at RT the concentration of OSIM in

Heparinized plasma

could possibly influence OSIM stability, as shown in Table 3 and

[C]/[C0]
QCLOW
(%)

concentration of the quality controls. The type of anticoagulation

[C], Concentration; [C0] , concentration at start (t = 0.0); QCLOW = quality control low level; QCHIGH = quality control high level.

94.8

93.6
54.7

74.5

104.0

96.3
88.4

and QCHIGH, 54.1%), while the concentrations of the two patients
samples (102.58 and 303.60 ng/ml) were in the same range as the

88.7

lower than the degradation observed in human serum (QCLOW, 18.6%

100

[C]/[C0]
QCHIGH
(%)
Whole blood

The degradation of OSIM seen in patient plasma was considerably

[C]/[C0]
QCLOW
(%)

the concentration of OSIM had fallen to 84.4 and 84.5%, respectively.

100

The results of OSIM stability in two patient samples (heparinized
plasma) are shown in Table 3 and Figure S1. After 4 h of storage at RT
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A limitation of this validation was that during stability-testing the

in the osimertinib to AZ5104 ratio is small. Furthermore, since elimi-

concentration of OSIM repeatedly declined <25 ng/ml. As the calibra-

nation rates for OSIM and AZ5104 are similar, the parent to metabo-

tion range was set from 25 to 500 ng/ml some concentrations could

lite ratio remains consistent over time within each dosing interval

not be calculated completely accurately. As this was solely seen dur-

(Vishwanathan et al., 2019).

ing stability tests, this was not considered serious. However, this

In our method, HPLC was used for separation, whereas other

uncertainty should be kept in mind while evaluating the stability

studies mainly used ultra-high-performance liquid chromatography

results of OSIM at concentrations <25 ng/ml.

(UPLC) for separation (Janssen et al., 2019; Mitchell et al., 2019; Rood
et al., 2016; Veerman et al., 2019; Zheng et al., 2018). As UPLC may

Stock stability

not be available in all laboratories, the use of HPLC could enable more

OSIM proved stable in DMSO when stored at −80 C. After 3 weeks

laboratories to implement the quantification of OSIM. Although HPLC

and 3 and 6 months all accuracies were between 95 and 105%. OSIM

methods usually have longer run times (Reis et al., 2018), we achieved

proved unstable when dissolved in methanol. After 3 weeks the

a run time of 3.8 min, which is comparable with the run time of

concentration had dropped to 68.6% and was therefore not further

2–5 min reported for the UPLC methods (Janssen et al., 2019;

evaluated. Results are shown in Table S2 in the Supporting

Mitchell et al., 2019; Rood et al., 2016; Veerman et al., 2019; Zheng

Information.

et al., 2018). Furthermore, our sample preparation was largely compa-

The long-term stability of PAZO was examined previously, and

rable with the methods used in UPLC methods, but considerably

PAZO proved to be stable in plasma at different temperatures

shorter than the only other reported HPLC method (Reis et al., 2018).

(Minocha, Khurana, & Mitra, 2012; van Erp et al., 2013; Verheijen

Therefore this analytical method could serve as an easy, quick, and



et al., 2018). PAZO was stable for up to 9 months at 20 C and up to

relatively cheap option in laboratories in which UPLC systems are not

3 months at RT and at 2–8 C. Therefore, PAZO was considered to be

available.
Contrasting results have been reported regarding the short-term

stable and no additional analyses were performed.

stability of OSIM, especially at RT. While multiple studies described
good stability of OSIM at RT for at least 6 h (Mitchell et al., 2019; Reis

3.2.6

|

Clinical applicability

et al., 2018;Rood et al., 2016 ; Zheng et al., 2018), others reported
more limited stability, namely 3–4 h (Janssen et al., 2019; Veerman

This assay was developed to support clinical studies as well as individ-

et al., 2019). However, differences in OSIM concentrations and type

ual patient care in a real-world clinical setting. We analyzed multiple

of plasma complicate adequate comparison of the results of these

patient samples of patients treated with OSIM. All measured concen-

studies. Therefore, we decided to assess the short-term stability of

trations were between 51.8 and 303.6 ng/ml and therefore within the

OSIM in serum, plasma (EDTA and heparinized) and whole blood,

pre-specified range of 25–500 ng/ml used for this analytical method.

using invariable concentrations of OSIM and fixed laboratory

Incurred sample reanalysis was performed for one sample, which was

conditions.

reanalyzed in a different run after storage at −80 C for 6 weeks. The

The short-term stability of OSIM in heparinized plasma in our

measurements

study was ~2 h, which was considerably shorter than the previously

(102.6 ng/ml and 105.0 ng/ml), indicating good reproducibility of the

described 6 h (Rood et al., 2016; Zheng et al., 2018). Our results were

method. Incurred sample reanalysis assessment will be performed in

comparable with the results reported by Veerman et al., who

additional patient samples as part of an on-going clinical trial

described short-term stability of OSIM in heparinized plasma for at

(NCT03858491).

least 3 h and a recovery after 24 h of <20% (Veerman et al., 2019).

OSIM

concentrations

were

similar

in

both

According to previous studies, OSIM was stable for at least 4–6 h in
EDTA plasma at RT (Janssen et al., 2019; Mitchell et al., 2019). Simi-

3.3

|

Comparison with previous studies

larly, we found that OSIM was stable in EDTA–plasma for at least 4 h
at RT. As indicated by a 60–65% recovery of OSIM in EDTA–plasma

Other analytical methods for OSIM have been published previously.

after 24 h at RT, the rate of OSIM degradation was considerably less

While some have mainly focused on OSIM alone or in combination

than in heparinized plasma.

with its metabolites (Irie et al., 2019; Mitchell et al., 2019; Rood et al.,

In whole blood, OSIM was reported to be stable for at least 5 h at

2016; Zheng et al., 2018), others developed an analytical method for

RT, and for 1 h at 37 C (Veerman et al., 2019). Mitchell et al. reported

multiple TKIs (Janssen et al., 2019; Reis et al., 2018; Veerman et al.,

OSIM to be stable for at least 2 h at RT. Prior to storage at RT, the

2019). As the active metabolites of OSIM account for ~10% of the

blood samples were heated to 37 C to mimic the situation in clinical

total OSIM AUC (Planchard et al., 2016; Vishwanathan et al., 2019),

practice (Mitchell et al., 2019). In our study, OSIM was stable for at

they could contribute to the efficacy and toxicity of osimertinib, with

least 4 h at RT, which is comparable with the results reported by

AZ5104 being the most likely option owing to the increased potency

Veerman et al.

seen in in-vitro studies (Cross et al., 2014). Although AZ5104 was not

To the best of our knowledge the effect of pH on the short-

included in our method, AZ5104 exposure could be estimated based

term stability was not previously evaluated. We showed that acidi-

on the osimertinib exposure, as the intra- and inter-patient variability

fication of serum samples has a positive effect on the short-term
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of

OSIM

compared

with

alkalinization

or

no

pH

modification.

Health

Research and

Development

(ZonMW),

grant

number

80-84800-98-17042.

The long-term stability of OSIM was evaluated under freezing
conditions (−20, −30, −70 and −80 C) and similar results were found
in all studies. OSIM proved to be stable in freezing conditions for at
least 1 month, but longer stability was reported (up to 9 months) in
multiple studies (Janssen et al., 2019; Mitchell et al., 2019; Reis et al.,
2018; Rood et al., 2016; Veerman et al., 2019; Zheng et al., 2018).

4

|

C O N CL U S I O N

An HPLC–MS/MS method to quantify OSIM was successfully developed and validated with a similar run-time as previously published
UPLC–MS/MS methods. Accuracy, precision, carryover and matrix
effect were in accordance with the European Medicines Agency
guidelines. The short-term stability of OSIM in human serum, heparinized and EDTA plasma is limited at RT. Although the degradation rate
of OSIM is lower in an acidic environment and EDTA–plasma, storage
at room temperature should be minimized in order to maintain reliable
analysis. Preferably, blood samples should be transported on ice upon
collection and stored in the freezer as quickly as possible. Sample
workup should ideally be performed on dry-ice. EDTA-containing
tubes and plasma sample acidification may be used. However, in order
to implement such an approach, further research to develop specific
instructions and subsequently validate such a method would be necessary. The clinical applicability of our method was demonstrated by
quantitative analysis of blood samples from lung cancer patients
treated with OSIM. This bio-analytical assay will be extensively used
as part of an on-going clinical trial (NCT0385491) and may be used as
part of routine care in the future.
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