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Abstract　Many types of oral kinase inhibitors, including imatinib and gefitinib, have become clinically available and 
have significantly contributed to improving the survival outcomes in cancer patients. Therapeutic drug monitoring of some 
oral kinase inhibitors is important for ensuring the efficacy and safety of these drugs. Liquid chromatography-electrospray 
ionization tandem mass spectrometry (LC-ESI-MS/MS) has been used for the simultaneous quantification of these drugs 
in the human plasma. However, the development of a simultaneous LC-MS/MS analytical method is difficult owing to the 
differences in mass spectrometry (MS) sensitivity and the therapeutic range of each drug. In this study, we investigated the 
linear range shifts of calibration curves by adjusting the collision energy defect, in-source collision-induced dissociation, 
secondary product ion selected reaction monitoring, and isotopologue selected reaction monitoring to develop a simultane-
ous quantification method for 20 oral kinase inhibitors and active metabolite of sunitinib. Although these four techniques 
could easily adjust the number of ions introduced to the MS when used individually, it was difficult to adapt 21 analytes 
using only one technique. Therefore, it is important to utilize multiple techniques, considering the therapeutic concentration 
range of each drug, in order to develop a method for the simultaneous quantification of oral kinase inhibitors and active me-
tabolites in molecular-targeted therapy.

Key words: oral kinase inhibitor, LC-ESI-MS/MS, collision energy, in-source collision-induced dissociation, simultaneous 
quantification

Introduction
Molecular-targeted therapy is an essential treatment for 

cancer, which targets a specific molecule and controls its 
function. Many types of oral kinase inhibitors have become 
clinically available and have contributed significantly to 

improving the survival outcomes in cancer patients1,2）. 
Gefitinib, erlotinib, osimertinib, dacomitinib, lapatinib, and 
afatinib have been used in patients with non-small cell lung 
cancer or breast cancer targeting mutations in the ErbB 
family. Bosutinib, imatinib, dasatinib, nilotinib, and ponati-
nib are used to treat leukemia by inhibiting BCR-ABL 
activity. Axitinib and ibrutinib exert their effects by inhibit-
ing the vascular endothelial growth factor receptor and Bru-
ton's tyrosine kinase, respectively. In recent years, the use 
of multikinase inhibitors that inhibit multiple tyrosine 
kinases such as pazopanib, sorafenib, sunitinib, lenvatinib, 
vandetanib, regorafenib, and nintedanib, has also increased. 
Dose reduction and the temporal or persistent discontinua-
tion of drugs are required due to serious side effects caused 
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by the administration of kinase inhibitors. Furthermore, 
there are large inter-individual variations in the concentra-
tions of the oral kinase inhibitors in blood, and these con-
centrations are correlated with therapeutic effects and side 
effects. Therapeutic drug monitoring (TDM) of oral kinase 
inhibitors has been reported to be useful for improving their 
therapeutic effects3,4）. Therefore, a consideration of the con-
centration of the oral kinase inhibitors is important for 
ensuring the efficacy and safety of these drugs5‒10）. In addi-
tion, cancer patients often have multiple therapeutic targets 
and may be combined with oral kinase inhibitors. Due to 
the importance of administration design based on blood lev-
els of many oral kinase inhibitors, a rapid simultaneous 
measurement system is required in clinical practice.

Many methods have been reported for the quantification 
of drug concentrations in human plasma using liquid chro-
matography-electrospray ionization tandem mass spectrom-
etry (LC-ESI-MS/MS)11‒13). Altering the measurement con-
ditions for analyzing a patient sample requires considerable 
time and effort, and the efficiency of the routine of TDM is 
significantly reduced. Therefore, a method for the simulta-
neous evaluation of the oral kinase inhibitors is required. 
However, both the therapeutic range and linearity of the 
calibration curve must be considered when designing a 
simultaneous LC-ESI-MS/MS method. Therapeutic ranges 
for every drug vary with differences in their pharmacoki-
netic and pharmacodynamic parameters. In fact, the thera-
peutic concentration range of ibrutinib (0.3‒300 ng/mL) 
and pazopanib (30‒50,000 ng/mL) varies more than 
100,000 times.

In addition, the linearity range of the calibration curve 
for each drug was specified using its physicochemical prop-
erties based on the chemical structure. Previously, we 
demonstrated the utility of the linear range shift technique 
using in-source collision-induced dissociation (CID), which 

can be used for the simultaneous analysis of the concentra-
tions of drugs and their metabolites with different calibra-
tion curve ranges14‒18). The linear range shift of the calibra-
tion curves was investigated by adjusting the following 
parameters: collision energy defect (CED), which shifts the 
collision energy (CE) from the optimized value19）; second-
ary product ion selected reaction monitoring (s-SRM), 
which selects low-intensity product ions20）; and isotopo-
logue SRM (i-SRM), which sets precursor and product ions 
to those containing isotope atoms21）(Fig. 1).

In this study, we investigated whether the linear range 
shifts by adjusting CED, in-source CID, s-SRM, and i-SRM 
for the measurement of the plasma concentration of 20 oral 
kinase inhibitors and active metabolite of sunitinib: afati-
nib, axitinib, bosutinib, dacomitinib, dasatinib, erlotinib, 
gefitinib, ibrutinib, imatinib, lapatinib, lenvatinib, nilotinib, 
nintedanib, osimertinib, pazopanib, ponatinib, regorafenib, 
sorafenib, sunitinib, N-desethyl sunitinib, and vandetanib 
(Fig. 2).

Materials and Methods
Chemical and reagents

Afatinib, bosutinib, dacomitinib, gefitinib, ibrutinib, imati-
nib, lapatinib, lenvatinib, nilotinib, nintedanib, osimertinib, 
ponatinib, regorafenib, vandetanib, afatinib-2H6 (internal 
standard (IS)), bosutinib-2H8, dasatinib-2H8, gefitinib-2H6, 
ibrutinib-2H5, lapatinib-2H4, nilotinib-2H6, nintedanib-13C-2H3, 
and pazopanib-2H6 were purchased from Cayman Chemical 
Company (Ann Arbor, MI). Axitinib, erlotinib, sorafenib, 
sunitinib, N-desethyl sunitinib, axitinib-2H3, erlotinib-2H6, 
Imatinib-2H8, sorafenib-2H3, and sunitinib-2H4 were pur-
chased from Toronto Research Chemicals (Toronto, Can-
ada). Dasatinib was purchased from LC Laboratories 
(Woburn, MA). Dacomitinib-2H10, lenvatinib-2H5, osimerti-
nib-13C-2H3, ponatinib-2H8, regorafenib-13C-2H3, and vandetan-

Fig. 1.　Ion abundance adjustment method in LC/ESI-MS/MS.
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ib-13C-2H6 were purchased from Alsachim (Illkirch-Graffen-
staden, France). Pazopanib was purchased from Synkinase 
(Melbourne, Victoria, Australia). High performance liquid 
chromatography (HPLC)-grade ammonium formate, formic 
acid, and methanol were purchased from the Fujifilm Wako 
Pure Chemical Corporation (Osaka, Japan). HPLC-grade 
acetonitrile was purchased from the Kanto Chemical Cor-
poration (Tokyo, Japan). Ultrapure water was prepared 
using a Puric-α apparatus and was used for the LC-ESI-MS/
MS analysis. All other chemicals used were of the highest 
commercially available purity. Heparinized human plasma 
was supplied by Cosmo Bio Co. Ltd. (Tokyo, Japan).

Preparation of calibration standards and IS solutions
Each calibration standard was prepared by diluting the 

stock solutions to 0.1, 0.3, 1.0, 3.0, 10, 30, 100, 300, 1,000, 
3,000, and 10,000 ng/mL in plasma. Calibration standards 
were stored at －80°C in light-protected containers. Each IS 

solution was prepared by diluting the stock solutions to 
100 ng/mL in acetonitrile-methanol (9 : 1, v/v).

Sample pre-treatment
Eighty microliters each of IS and acetonitrile-methanol 

(9 : 1, v/v) solution were added to 40 μL of the plasma sam-
ple contained in a 1.5 mL microcentrifuge tube. The mix-
ture was vortexed for 5 min and centrifuged at 14,000 × g 
for 10 min. After centrifugation, 2 μL of supernatant was 
injected into the analytical system.

LC-ESI-MS/MS conditions
The LC-ESI-MS/MS analysis was performed using an 

LCMS-8050 triple quadrupole mass spectrometer coupled 
with a Nexera X2 UHPLC system (Shimadzu, Kyoto, 
Japan). All data acquisition and processing was performed 
using LabSolutions (Shimadzu). The Nexera X2 UHPLC 
system consisted of a vacuum degasser, two solvent deliv-

Fig. 2. Chemical structures of afatinib, axitinib, bosutinib, dacomitinib, dasatinib, erlotinib, gefitinib, ibrutinib, imatinib, 
lapatinib, lenvatinib, nilotinib, nintedanib, osimertinib, pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, 
N-desethyl sunitinib, and vandetanib.
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ery systems, an autosampler, and a column oven. Chro-
matographic separation was achieved using a YMC-Triart 
C18 metal-free column (2.1 mm i.d. × 50 mm, 3 μm; YMC, 
Kyoto, Japan). The column temperature was maintained at 
40°C, and the samples were kept at 4°C. The flow rate was 
set at 0.45 mL/min, and the injection volume was 2 μL for 
analysis. Mobile phases A and B comprised 10 mM aqueous 
ammonium formate (A) adjusted to pH 3.6 and 10 mM of 
ammonium formate-methanol (B). The gradient program 
was as follows: elution was initiated with 5% B, followed 
by a linear gradient to 100% B in 1 to 3 min, held at 100% 
B for 1 min, and then immediately returned to the initial 
conditions, which were maintained for 1 min until the end 
of the run. The LCMS-8050 was equipped with an ESI 
source operating in the positive-ion detection mode. The 
conditions for mass spectrometry (MS) analysis were as 
follows: probe voltage, 4,000 V; desolvation line tempera-
ture, 250°C; block heater temperature, 400°C; interface 
temperature, 300°C; nebulizing gas flow, 3 L/min; drying 
gas, 10 L/min; and heating gas flow, 10 L/min. Table 1 sum-
marizes the optimized SRM conditions for each analyte.

CED
The collision energy was changed from －5 to －50 V 

under the optimized SRM conditions, and the peak intensi-
ties of each 10 pg analyte were plotted against voltages. 
Triplicate analyses were performed for every voltage for all 
analytes.

In-source CID
The Q-array bias in SRM analyses was changed from 0 

to 180 V under the optimized SRM conditions, and the peak 
intensities of each 10 pg analyte were plotted against volt-
ages. Triplicate analyses were performed for each voltage 
for all analytes. Although the Q-array bias could be set to 
240 V, the upper limit was set to 180 V because the repro-
ducibility deteriorated at high voltages.

s-SRM
Three product ions with higher peak intensities obtained 

by a product-ion scan during the optimization of ESI-MS/
MS conditions were selected, and the optimum voltage 
value was set for each analyte (data not shown). The prod-
uct ions in SRM analyses were changed under optimized 
SRM conditions, and the peak intensities of each 10 pg ana-

Table 1.　Optimized SRM conditions

Analyte SRM Transitions CE [V] Q1 pre bias [V] Q3 pre bias [V] Internal standard

Afatinib 486.0＞371.2 －29 －10 －18 Afatinib-2H6

Axitinib 387.1＞356.1 －20 －23 －27 Axitinib-2H3

Bosutinib 530.1＞141.3 －24 －10 －28 Bosutinib-2H8

Dacomitinib 470.0＞385.1 －27 －8 －14 Dacomitinib-2H10

Dasatinib 488.0＞401.2 －29 －6 －30 Dasatinib-2H8

Erlotinib 394.1＞278.2 －35 －14 －30 Erlotinib-2H6

Gefitinib 447.2＞128.2 －25 －5 －22 Gefitinib-2H6

Ibrutinib 442.1＞138.3 －27 －22 －28 Ibrutinib-2H5

Imatinib 494.1＞394.3 －28 －12 －28 Imatinib-2H8

Lapatinib 581.0＞365.2 －39 －20 －26 Lapatinib-2H4

Lenvatinib 427.1＞370.1 －31 －16 －18 Lenvatinib-2H5

Nilotinib 530.1＞289.3 －32 －5 －20 Nilotinib-2H6

Nintedanib 540.1＞113.3 －26 －16 －46 Nintedanib-13C-2H3

Osimertinib 500.2＞72.2 －28 －10 －12 Osimertinib-13C-2H3

Pazopanib 438.2＞341.4 －48 －28 －16 Pazopanib-2H6

Ponatinib 533.2＞260.1 －31 －8 －46 Ponatinib-2H8,
Regorafenib 483.1＞270.2 －33 －14 －28 Regorafenib-13C-2H3

Sorafenib 465.1＞252.2 －30 －5 －12 Sorafenib-2H3

Sunitinib 399.4＞283.3 －25 －26 －30 Sunitinib-2H4

N-Desethyl Sunitinib 370.9＞283.1 －22 －46 －50 Sunitinib-2H4

Vandetanib 475.2＞112.2 －22 －14 －12 Vandetanib-13C-2H6

SRM, selected reaction monitoring; CE, collision energy.
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lyte were plotted against m/z. Triplicate analyses were per-
formed for each product ion for all analytes.

i-SRM
Isotopologue transitions were selected from the opti-

mized SRM transitions, and the SRM conditions were opti-
mized for each transition (data not shown). The isotopo-
logue transitions in SRM analyses were changed under 
optimized SRM conditions, and the peak intensities of each 
10 pg analyte were plotted against m/z. Triplicate analyses 
were performed for each SRM transition for all analytes.

Linear range shift of calibration curves
According to the previous study of Ishii and Maekawa, 

we define linear range shift of calibration curves14,17）. The 
averages of the triplicates at each calibration standard were 
used to plot the calibration curves, which were generated 
using the analyte-to-IS peak area ratios by weighted (1/x2) 
least squares linear regression. Additional rules for the 
preparation of the calibration curves were as follows: (1) 
calibration points with saturated MS intensities were 
excluded; (2) the lower limits of quantification were set at 
levels less than 20% of the relative standard deviation; (3) 
the levels with a relative standard deviation of ＜15% were 
included as calibration points; (4) the levels within 
85‒115% of the relative error were used as calibration 
points; and (5) calibration curves were generated using 
more than four calibration points.

Results and Discussion
Reduction of the peak intensities and linear range 
shift of calibration curves by CED

First, we changed the CE parameters affecting the CID of 
the collision cell and investigated the ion abundance of 
each analyte. Afatinib showed the maximum intensity at a 
CE of －29 V. The peak intensities of afatinib gradually 
decreased as they increased or decreased from the opti-
mized CE value. As a result, the linearity of the calibration 
curve shifted to the highest concentration range at a CE of 
－5 V (100‒10,000 ng/mL). Axitinib, bosutinib, dacomi-
tinib, dasatinib, erlotinib, gefitinib, ibrutinib, imatinib, lapa-
tinib, lenvatinib, nilotinib, nintedanib, pazopanib, ponati-
nib, regorafenib, sorafenib, sunitinib, and N-desethyl 
sunitinib showed similar trends to those observed for afati-
nib. In contrast, osimertinib, which showed the maximum 
intensity at a CE of －28 V, had relatively little change in 

ion intensities even at high energies. As a result, the linear-
ity of the calibration curve shifted to a higher concentration 
range only when excessive energy was applied. In addition, 
the decrease in ion intensities of vandetanib was also small, 
the linearity of the calibration curve did not shift to a higher 
concentration range (Fig. 3 and Table 2).

Considering these results, CED can be widely used 
regardless of the resolution of MS and the structure of the 
analytes. However, the effect of CID owing to CE was con-
sidered to be less effective when the m/z of product ions 
was small, as seen for osimertinib (m/z 72.2) and vande-
tanib (m/z 112.2). Because the product ions of these ana-
lytes have already been observed as small fragments, it is 
expected that further fragmentation will be difficult even if 
the CE is increased.

Reduction of the peak intensity and linear range shift 
of calibration curves by in-source CID

Next, the ion abundance of the analytes was investigated 
by changing the in-source CID conditions. We changed the 
Q-array bias, which is the ion-guide voltage set immedi-
ately after the orifice, and attempted ion reduction to quad-
rupoles by in-source CID. Although afatinib was stable up 
to a Q-array bias of 120 V, the ion intensity gradually 
decreased after 120 V. Consequently, the linearity of the cal-
ibration curve shifted to the widest and highest concentra-
tion range at Q-array biases of 130 and 140 V (0.3‒300 to 
3.0‒10,000 ng/mL). Bosutinib, dacomitinib, erlotinib, gefi-
tinib, ibrutinib, imatinib, lenvatinib, nintedanib, osimerti-
nib, pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, 
N-desethyl sunitinib, and vandetanib showed similar trends 
as afatinib. In contrast, dasatinib, lapatinib, and nilotinib 
were stable against an increase in Q-array bias, and no sig-
nificant shift in the linearity of the calibration curve was 
observed (Fig. 4 and Table 2).

Considering these results, in-source CID can be used for 
most analytes without contaminating MS with excess ions. 
In addition, the calibration standards for axitinib, imatinib, 
sorafenib, sunitinib, and N-desethyl sunitinib showed simi-
lar effects as the in-source CID either with plasma or aceto-
nitrile in their preparation17）. In contrast, the effect of 
in-source CID was considered to be less effective for ana-
lytes stable to a Q-array bias of 180 V, such as dasatinib, 
lapatinib, and nilotinib. Although setting the Q-array bias to 
190 V or higher may be effective, we considered that the 
number of ions could not be adjusted by in-source CID for 
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Fig. 3. Peak intensities plot and linearity range of calibration curves for each collision energy value: afatinib, axitinib, bosu-
tinib, dacomitinib, dasatinib, erlotinib, gefitinib, ibrutinib, imatinib, lapatinib, lenvatinib, nilotinib, nintedanib, osim-
ertinib, pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, N-desethyl sunitinib, and vandetanib.
The columns represent the linear range of the calibration curves (left y-axis). The white dots represent the change in peak intensities 
of each 10 pg analyte (right y-axis).
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these three analytes because it is difficult to precisely con-
trol the Q-array bias under high voltage. In particular, nilo-
tinib has different fragment ions produced by a high Q-ar-
ray bias and low-energy CID (data not shown). Therefore, it 
was suggested that the reaction under high pressure with 
nitrogen gas led to a high threshold of the Q-array bias in 
the in-source CID.

Reduction of the peak intensity and linear range shift 
of calibration curves by s-SRM

We then investigated the ion abundance of the analytes 
under the s-SRM conditions. We changed the product ion 
with the highest ion intensity to one with a relatively lower 
intensity and investigated the ion abundance of each ana-
lyte. Contaminant ions were excluded during analysis, and 
vandetanib did not contain the corresponding product ions. 
Three product ions (m/z 387.1＞356.1, m/z 387.1＞221.2, 
and m/z 387.1＞355.2) were obtained for axtinib, and the 
ion intensity gradually decreased in transitions at m/z 387.1
＞221.2 and m/z 387.1＞355.2, compared to the optimized 
transition m/z 387.1＞356.1. As a result, the linearity of the 
calibration curve was obtained in the widest and highest 

concentration range in the transition at m/z 387.1＞221.2 
(0.1‒30 to 1.0‒3,000 ng/mL). Bosutinib, dasatinib, erlo-
tinib, ibrutinib, imatinib, lapatinib, nilotinib, osimertinib, 
pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, and 
vandetanib showed similar trends to those exhibited by 
axtinib. In contrast, the ion intensities of afatinib, gefitinib, 
and N-desethyl sunitinib for the secondary product ions (m/z 
486.0＞100.1, m/z 447.2＞231.2, and m/z 370.9＞210.5) 
were very small, and the linearity of their calibration curves 
shifted to relatively high concentrations in a very narrow 
range. In addition, the ion intensities of dacomitinib and 
nintedanib for the secondary product ions (m/z 470.0＞
319.1 and m/z 540.1＞70.2) were comparable to the opti-
mized transitions, and the linearity of their calibration 
curves did not shift to the higher concentration range (Fig. 
5 and Table 2).

Considering these results, s-SRM can be used for various 
analytes because it is easy to predict the change in peak 
intensities from the product scan. In contrast, s-SRM was 
considered to be less effective when the intensities of prod-
uct ions, such as afatinib, gefitinib, N-desethyl sunitinib, 
dacomitinib, and nintedanib, were used.

Reduction of the peak intensity and linear range shift 
of calibration curves by i-SRM

Finally, we investigated the ion abundance of the ana-
lytes under the i-SRM conditions. We changed the SRM 
transition with the highest ion intensity to three isotopo-
logue transitions (m/z M1＋1＞M3, m/z M1＋1＞M3＋1, and 
m/z M1＋2＞M3＋2) and investigated the ion abundance of 
each analyte. Three isotopologue transitions (m/z 487.0＞
371.2, m/z 487.0＞372.2, and m/z 488.0＞373.2) were 
obtained for afatinib, and the ion intensities decreased at all 
isotopologue transitions compared with the optimized tran-
sition m/z 386.0＞371.2. As a result, the linearity of the cal-
ibration curve was obtained in the widest and highest con-
centration range in the transition at m/z 487.0＞372.2 
(0.3‒30 to 1.0‒3,000 ng/mL). Axitinib, bosutinib, dasatinib, 
erlotinib, gefitinib, ibrutinib, lenvatinib, nilotinib, nin-
tedanib, osimertinib, pazopanib, ponatinib, regorafenib, 
sorafenib, sunitinib, N-desethyl sunitinib, and vandetanib 
showed similar trends as afatinib. In contrast, although the 
ion intensities of lapatinib at the isotopologue transitions 
(m/z 582.0＞365.2, m/z 582.0＞366.2, and m/z 583.0＞
367.2) and imatinib at the isotopologue transitions (m/z 
494.1＞394.3, m/z 495.1＞395.3, and m/z 496.1＞396.3) 

Table 2.　 Results of ion adjustment methods for each com-
pound

Compound CED IS-CID s-SRM i-SRM

Afatinib 〇 ○ × ○
Axitinib ○ ○ ○ ○
Bosutinib ○ ○ ○ ○
Dacomitinib ○ ○ × ○
Dasatinib ○ × ○ ○
Erlotinib ○ ○ ○ ○
Gefitinib ○ ○ × ○
Ibrutinib ○ ○ ○ ○
Imatinib ○ ○ ○ ×

Lapatinib ○ × ○ ×

Lenvatinib ○ ○ ○ 〇
Nilotinib ○ × ○ ○
Nintedanib ○ ○ × ○
Osimertinib × ○ ○ ○
Pazopanib ○ ○ ○ ○
Ponatinib ○ ○ ○ ○
Regorafenib ○ ○ ○ ○
Sorafenib ○ ○ ○ ○
Sunitinib ○ ○ ○ ○
N-Desethyl Sunitinib ○ ○ × ○
Vandetanib × ○ ○ ○

〇 , adjustable; ×, not adjustable.
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Fig. 4. Peak intensities plot and linearity range of calibration curves for each Q-array bias: afatinib, axitinib, bosutinib, da-
comitinib, dasatinib, erlotinib, gefitinib, ibrutinib, imatinib, lapatinib, lenvatinib, nilotinib, nintedanib, osimertinib, 
pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, N-desethyl sunitinib, and vandetanib.
The columns represent the linear range of the calibration curve (left y-axis). The white dots represent the change in peak intensities 
of each 10 pg analyte (right y-axis). When the peak intensity was not obtained, the white dot was not described.
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Fig. 5. Peak intensities plot and linearity range of calibration curves for each product ion: afatinib, axitinib, bosutinib, da-
comitinib, dasatinib, erlotinib, gefitinib, ibrutinib, imatinib, lapatinib, lenvatinib, nilotinib, nintedanib, osimertinib, 
pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, and N-desethyl sunitinib.
The columns represent the linear range of the calibration curve (left y-axis). The white dots represent the change in peak intensities 
of each 10 pg analyte (right y-axis). When the peak intensity was not obtained, the white dot was not described.
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Fig. 6. Peak intensities plot and linearity range of calibration curves for optimized transitions and the isotopologue transition: 
afatinib, axitinib, bosutinib, dacomitinib, dasatinib, erlotinib, gefitinib, ibrutinib, imatinib, lapatinib, lenvatinib, nilotinib, 
nintedanib, osimertinib, pazopanib, ponatinib, regorafenib, sorafenib, sunitinib, N-desethyl sunitinib, and vandetanib.
The columns represent the linear range of the calibration curve (left y-axis). The white dots represent the change in peak intensities 
of each 10 pg analyte (right y-axis). When the peak intensity was not obtained, the white dot was not described.
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decreased compared to the optimized transitions m/z 581.0
＞365.2, and 493.1＞394.3, and no significant shift was 
observed in the linearity of the calibration curves (Fig. 6 
and Table 2).

Considering these results, i-SRM can be used for most 
analytes because it is easy to predict changes in the peak 
intensities from the isotope abundance ratio. On the con-
trary, i-SRM was considered to be less effective in atomic 
compositions such as lapatinib (C29H26ClFN4O4S) and ima-
tinib (C29H31N7O). Lapatinib, in particular, was not affected 
by i-SRM because it contains Cl atoms in the structure of 
product ions and has a high natural abundance ratio, even 
in m/z M1＋2＞M3＋2 (m/z 583.0＞367.2). Furthermore, the 
effect of stable isotopes (2H) is shown by overlapping peaks 
(similar m/z ions) from the same/similar retention times. It 
is necessary to investigate the possibility of affecting quan-
tification depending on the compound.

Conclusion
In this study, we investigated the linear range shifts of 

the calibration curve by adjusting the CED, in-source CID, 
s-SRM, and i-SRM for 20 oral kinase inhibitors and the 
active metabolite of sunitinib. It was found that although 
these four techniques can easily adjust the number of ions 
in MS for many analytes, it is difficult to adapt 21 analytes 
using only one technique. Therefore, to develop a method 
for the simultaneous quantification of oral kinase inhibitors 
and the active metabolite in molecular-targeted therapy, it is 
important to utilize multiple techniques considering the 
therapeutic concentration range of each drug.
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