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A B S T R A C T   

Sotorasib is a KRAS inhibitor with promising anticancer activity in phase I clinical studies. This compound is 
currently under further clinical evaluation as monotherapy and combination therapy against solid tumors. In this 
study, a liquid chromatography-tandem mass spectrometric method to quantify sotorasib in mouse plasma and 
eight tissue-related matrices (brain, liver, spleen, kidney, small intestine, small intestine content, lung, and testis 
homogenates) was developed and validated. Protein precipitation using acetonitrile was utilized in 96-well 
format to extract sotorasib and erlotinib (internal standard) from mouse plasma and tissue homogenates. Sep
aration of the analytes was performed on an Acquity UPLC® BEH C18 column by gradient elution of methanol 
and 0.1% formic acid in water at a flow rate of 0.6 ml/min. Sotorasib was detected by a triple quadrupole mass 
spectrometer with positive electrospray ionization in selected reaction monitoring mode. A linear calibration 
range of 2–2,000 ng/ml of sotorasib was achieved during the validation. Accuracy values were in the range of 
90.7–111.4%, and precision values (intra- and interday) were between 1.7% and 9.2% for all tested levels in all 
investigated matrices. The method was successfully applied to investigate the plasma pharmacokinetics and 
tissue accumulation of sotorasib in female wild-type mice.   

1. Introduction 

Kirsten rat sarcoma virus oncogene (KRAS) mutations are often 
found in solid tumors such as lung carcinoma, pancreatic carcinoma, 
and colorectal carcinoma [1]. Non-small cell lung carcinoma (NSCLC) 
patients with a KRAS mutation have been associated with poor prog
nosis [2,3], making KRAS a promising target for intervention in cancer 
therapy. However, KRAS was long known as an “undruggable” [1] until 
sotorasib (AMG510, Fig. 1) entered the clinical stage in 2019 [4]. 

Sotorasib showed a promising anticancer activity in its early dis
covery stage. It is believed that the acrylamide group of sotorasib 
responsible for the KRAS inhibition by covalently bound to KRASG12C 

[5]. A phase I dose-escalation clinical study reported a promising anti
cancer activity of sotorasib in NSCLC patients but a less pronounced 
positive result for colorectal cancer patients [6]. Therefore, further 
clinical evaluation of sotorasib as monotherapy or in combination with 
various other anticancer agents in a number of solid tumors is ongoing 
[6]. 
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Cancer pharmacotherapy is characterized by relatively narrow 
therapeutic windows and is often subject to individual dose adjustment 
considering each patient’s conditions to ensure its safety-efficacy bal
ance [7,8]. Thus, more insight into sotorasib drug levels is essential. 
Pharmacokinetic profiles in both preclinical and clinical experiments are 
also critical to tailor future clinical application [9] of this promising 
drug. A reliable quantitative determination of sotorasib in biological 
samples is essential and should first be established to obtain such 
knowledge. To date, there is only one paper describing a validated 
method of sotorasib in mouse plasma matrix but not in mouse tissues 
[10]. The described paper utilized LC-MS/MS and liquid–liquid extrac
tion (LLE) as the sample pretreatment method [10]. However, LLE is 
more cumbersome and more time-consuming than simple protein pre
cipitation (PP) due to the necessity of extract evaporation and recon
stitution [11]. 

Therefore, in this study, we developed and validated a new LC-MS/ 
MS method to quantify sotorasib in mouse plasma, seven tissue and 
small intestine content homogenates with PP as sample pretreatment. 
This developed method can support further preclinical and clinical 
investigation of sotorasib to obtain more insight into the pharmacoki
netics and tissue distribution of this drug. 

2. Material & methods 

2.1. Chemicals and reagents 

Sotorasib (>98%, Mw = 560.59 g/mol) was supplied by Carbosynth 
(Compton, Berkshire, UK). Erlotinib (>99%, as hydrochloric acid, Mw =

393,44 g/mol) used as internal standard (IS) was obtained from the 
same company under its previous name Sequoia Research Products 
(Pangbourne, UK). Methanol (HPLC grade) and water (ULC-MS grade) 
were acquired from Biosolve (Valkenswaard, The Netherlands). 
Analytical grade formic acid was supplied by Merck KGaA (Darmstadt, 
Germany). Pooled CD-1 mouse lithium heparin plasma (female) and 
human lithium heparin plasma (mixed gender) were obtained from Sera 
Laboratories (West Sussex, UK). 

2.2. Tissue homogenization 

The blank mouse tissue homogenates were prepared by mixing the 
whole (weighed) organ with 2% (w/v) of bovine serum albumin (BSA) 
in milli-Q water on an iced-condition [12,13]. A FastPrep-24TM 5G in
strument (M.P. Biomedicals, Santa Ana, USA) was utilized for this pur
pose. The volumes of BSA used were 1 ml for brain, 3 ml for liver, 2 ml 
for kidney, 1 ml for spleen, 3 ml for small intestine, 2 ml for small in
testine content, 1 ml for testis, and 1 ml for lung. 

2.3. Analytical instruments 

A chromatographic system of Shimadzu Nexera X2 (Kyoto, Japan) 
equipped with a DGU-250 AR degasser, two LC30-AD pumps, a Sil30- 
ACmp autosampler, and a CTO-20 AC column oven was utilized for 
the separation. For the detection, a triple quadrupole mass spectrometer 
AB-SCIEX QTRAP® 5500 (Ontario, Canada), equipped with a Turbo Ion 
V™ TurboIonSpray® probe and an inlet valve were used. Analyst 1.6.2. 
software (Sciex) was used for instrument control and data collection. 
MultiQuant 3.0.1. software (Sciex) was used to process all LC-MS/MS 
data. A preliminary identification check of sotorasib was performed 
with a high-resolution time-of-flight mass spectrometer AB-SCIEX Triple 
TOF® (Ontario, Canada). 

2.4. LC-MS/MS conditions 

The injection (2 µl by partial loop filling) was applied on an Acquity 
UPLC® BEH C18 column (30 X 2.1 mm, dp = 1.7 µm, Waters, Milford, 
MA, USA) protected by UPLC® BEH C18 Vanguard pre-column (5 × 2.1 
mm, dp = 1.7 µm, Waters), and prefilter (2.1 mm, 0.2 µm, Waters). The 
column and autosampler temperature was maintained at 40 ◦C and 4 ◦C, 
respectively during the analytical run. The gradient elution was per
formed at 0.6 ml/min with 0.1% (v/v) formic acid in water (A) and 
methanol (B). After the injection, the percentage of methanol increased 
linearly from 45% to 65% in 1.0 min, followed by flushing with 100% 
methanol for 0.3 min. Finally, the column was reconditioned at the 
initial condition to 45% B for 0.6 min. The eluent was transferred to the 
ionization interface by the divert valve from 0.5 min to 1.3 min after the 

Fig. 1. Chemical structure of sotorasib and the product ion mass spectrum formed by collision-induced dissociation of protonated sotorasib (m/z 561.2 @ 49 V) with 
the expected fragment. 
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injection. 
Selected reaction monitoring (SRM) in positive mode was used as the 

detection mode with parameters: curtain gas 15 psi, ion spray voltage 
1,400 V, temperature 700 ◦C, ion source gas (1) 60 psi, ion source gas (2) 
75 psi. These optimum parameters were obtained by direct introduction 
of 1000 ng/ml sotorasib at 5 µl/min in methanol/0.1% formic acid in 
water (50:50 v/v) into the mass spectrometer. The individual SRM pa
rameters of both sotorasib and erlotinib (IS) are listed in Table 1. 

2.5. Stock & working solutions 

A 500,000 ng/ml sotorasib stock solution was prepared by weighing 
200–400 µg of sotorasib and dissolving it in methanol. A 50,000 ng/ml 
sotorasib working solution was obtained by diluting the stock solution 
10-fold with 50% methanol (v/v) in water. This solution was used 
further to prepare calibration samples in mouse plasma. A second set of 
stock and working solutions with the same level were also prepared and 
used further to make quality control (QC) samples. A 1,000 µg/ml 
erlotinib stock solution was prepared by weighing 500–700 µg of erlo
tinib and dissolving it in methanol. A working solution of 100,000 ng/ml 
erlotinib was obtained by diluting the stock solution 10-fold with 50% 
methanol in water (v/v). Further, a serial dilution of erlotinib working 
solution was performed to obtain 100 ng/ml and 10 ng/ml of erlotinib in 
acetonitrile. The 10 ng/ml erlotinib was used as a daily IS. All solutions 
were stored at − 30 ◦C. 

2.6. Calibration and quality control samples 

The highest calibration sample was prepared by diluting 50,000 ng/ 
ml of sotorasib working solution to 2,000 ng/ml in blank pooled mouse 
plasma in a polypropylene tube. Until further use, this sample was stored 
at − 30 ◦C. The highest calibration sample was further diluted for daily 
calibration to 1,000, 200, 100, 20, 10, and 2 ng/ml in blank pooled 
mouse plasma. QC samples were prepared from the second 50,000 ng/ 
ml sotorasib working solution by sequential dilution to 1,600 (high), 80 
(medium), 4 (low), and 2 ng/ml (lower limit of quantification / LLoQ) in 
blank pooled mouse plasma. QC samples at 80 ng/ml (medium) were 
also prepared in pooled mouse tissue homogenates of brain, liver, kid
ney, spleen, small intestine, small intestine content, lung, and testis. QC 
samples at 16,000 and 8,000 ng/ml in pooled mouse plasma were also 
prepared by a direct dilution from the second stock solution. 

2.7. Sample preparation 

Ten µl of plasma or tissue homogenates were pipetted into a poly
propylene 96-well plate with 200 µl conical bottom wells and 20 µl of 10 
ng/ml erlotinib in acetonitrile was added. The 96-well plates were 
closed with silicone mats and shaken briefly by a vortex mixer. Then, the 
plate was centrifuged at 3,500 × g for 5 min, and 20 µl supernatant was 
transferred into a 96-deep well plate with 1 ml round bottom wells. 
Subsequently, 200 µl of 25% methanol (v/v) in water was added into the 
supernatant, followed by gently mixing the plate. The prepared plated 
was then put in the autosampler and was ready for injection. 

2.8. Analytical method validation 

Guidelines on bioanalytical method validation from the United 
States Food & Drug Administration (US FDA) [14] and European Med
icine Agency (EMA) [15] were used as the bioanalytical validation 
framework for the new assay. The mouse plasma matrix was fully vali
dated according to those guidelines, while the tissue homogenates were 
partially validated in the range of 2–2,000 ng/ml of sotorasib. 

2.8.1. Calibration 
All calibration samples were prepared in duplicate for each daily use 

along with additional blank (no analyte) and double blank (no analyte, 
no IS) samples (n = 18). Least square linear regression with the reversed 
square of the concentration (1/x2) as the weighting factor was used to 
define the calibration curve using the ratio of the analyte (sotorasib) and 
the IS (erlotinib) peak areas. 

2.8.2. Precision & accuracy 
The QC-high (1,600 ng/ml), -medium (80 ng/ml), -low (4 ng/ml), 

and -LLoQ (2 ng/ml) in pooled mouse plasma and -medium (80 ng/ml) 
in eight tissue homogenates were used to access the precision and ac
curacy. Precision (both intra- and inter-day) and accuracy were per
formed in sextuple analysis for each QC level on three separate days (n 
= 18 per QC). In addition, dilution integrity was investigated by diluting 
8,000 and 16,000 ng/ml of sotorasib in mouse plasma to QC-high levels 
in human lithium heparin plasma with 5-fold and 10-fold dilution factor, 
respectively (n = 6 for every dilution factor). 

2.8.3. Selectivity 
To assess the selectivity of the assay, six individual lithium heparin 

mouse plasma and 32 individual tissue homogenates (4 individual 
samples for each tissue) were processed. Each sample was analyzed as 
LLoQ spiked (2 ng/ml sotorasib) and double blank (no analyte, no IS) 
sample. 

2.8.4. Recovery and matrix effect 
Three types of samples in pooled mouse plasma at three different QC 

levels, QC-high, -medium, and -low, in four replications for each level 
were prepared to assess the recovery and matrix effect of the assay. The 
first sample was normal plasma sample (A) treated as stated by sample 
preparation step (section 2.7). A similar sample as A with the analyte 
added after extraction (B) and samples without any matrix constituent 
(C) were the second and third samples, respectively. Recovery was 
calculated from ratio A/B, while matrix effect was determined by the 
ratio B/C. 

The relative matrix effect was assessed using the same samples used 
to evaluate selectivity: 6 individual plasma and 32 individual tissue 
homogenates. These samples were prepared at QC-high and -low levels. 
The relative matrix effect was calculated by comparing their responses 
to the reference solutions without the presence of any matrix at the same 
level. 

2.8.5. Stability 
The stability of sotorasib was investigated in the QC-high and -low 

mouse plasma samples. Quadruplicate analysis of these samples was 
performed after exposure to room temperature (ca. 22 ◦C) for 6 h, 
storage at − 30 ◦C interrupted by four freeze–thaw cycles (thawing at 
room temperature for ± 1 h, and freezing again at least for 20 h), and 
after three months storage at − 30 ◦C. Additional room temperature 
stability for both QC levels was determined in mouse plasma after 2, 4, 6, 
8, 16, and 24 h exposure to ambient temperature. Stability of sotorasib 
in pooled tissue homogenates (brain, liver, kidney, spleen, small intes
tine, lung, and testis) and pooled small intestine content homogenate 
was assessed at the QC-medium level after exposure to room tempera
ture for 6 h. 

The stability of sotorasib in stock solutions (in methanol) and 

Table 1 
Individual SRM parameters of sotorasib and erlotinib.  

Compound m/z (Q1) m/z (Q3) DP (V) CE (V) CXP (V) 

Sotorasib 561.2 134.0* 71 49 8 
317.1 71 57 18 

Erlotinib 394.1 278.1* 50 47 12 

DP: declustering potential, CE: Collision energy, CXP: Collision cell exit 
potential. 

* used for quantification. 
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working solutions (in 50% v/v methanol) was tested. These solutions 
were measured after exposure to room temperature with the presence of 
light for 6 h and after storage at − 30 ◦C for three months. The response 
of these solutions was compared to the freshly prepared solutions at the 
same level. 

An analytical run with 24 QC samples (same samples as accuracy and 
precision) was reinjected and reanalyzed after 2 weeks of storage at 4 ◦C 
in the autosampler. 

2.8.6. Incurred sample reanalysis 
Reanalysis of sixty-six samples from preclinical study (n = 24 for 

plasma, n = 6 for each investigated tissue-related matrix) was performed 
one month after the first analysis. 

2.9. Pharmacokinetic study in mice 

2.9.1. Mouse treatment 
The pharmacokinetic study used six female wild-type (FVB/NRj ge

netic background) mice with ages between 8 and 16 weeks. The mice 
were orally administered 20 mg/kg bodyweight of sotorasib after they 
were fasted for 2–3 h. Subsequently, their blood was withdrawn from 
the tail vein at 0.125, 0.25, 0.5, 1, and 2 h after drug administration. 
Four hours after drug administration, the mice were anesthetized with 
isoflurane to collect the final blood samples by cardiac puncture. Finally, 
the mice were sacrificed by cervical dislocation, and the tissues of in
terest (brain, liver, kidney, spleen, small intestine, and lungs) were 
immediately harvested. Small intestine content was also collected dur
ing organ harvesting. The housing and handling of the mice followed the 
institutional guidelines of the Netherlands Cancer Institute and com
plied with the Dutch and EU legislation. 

Plasma samples were acquired from blood samples by centrifugation 
at 9,000g for 6 min at 4 ◦C. Small intestine and lung were rinsed with 
saline before homogenization with 2% (w/v) bovine serum albumin 
(BSA). All samples were stored at – 30 ◦C before further analysis. All the 
plasma samples were diluted 5 times, while small intestine and small 
intestine contents were diluted 10 times with human lithium heparin 
plasma before quantitative analysis. The rest of biological matrices can 
be pretreated directly according to section 2.7. 

2.9.2. Pharmacokinetic calculations 
Pharmacokinetic parameters were reported as mean ± standard de

viation. The maximum plasma concentration (Cmax) and the time to 
reach Cmax (Tmax) were directly calculated from the highest 

concentration and its correlative time points. The terminal half-life (T1/ 

2) was calculated from C0.25 to C4. The area under the plasma concen
tration–time curve (AUC0→ 4 & AUC0→∞) was calculated using the 
trapezoidal rule. Sotorasib concentrations in tissue and small intestine 
content were calculated based on their individual weight. All the 
pharmacokinetic parameters mentioned were calculated manually with 
MS Excel. 

3. Results and discussion 

According to our knowledge, this method is the first validated bio
analytical method for sotorasib in mouse plasma and several mouse 
tissue homogenates to date. The presented bioanalytical method of 
sotorasib is efficient with a two-minute run time supported by a 
straightforward sample pretreatment procedure. Moreover, this method 
is capable of analyzing a small volume (10 µl) of samples. Therefore, this 
bioanalytical method is suitable to support preclinical studies of sotor
asib, as demonstrated here. 

3.1. Method development 

Electrospray ionization in positive mode was optimized for a single 
protonated molecule of sotorasib (m/z = 561.2) to obtain a maximum 
response. Fig. 1 shows a product spectrum of a single protonated 
sotorasib obtained by triple quadrupole mass spectrometry. A high- 
resolution product spectrum of single protonated sotorasib and pro
posed dissociation pathways is provided as supplementary information. 
The product masses optimized in the development stage were m/z 134.0 
and 317.0. However, only product mass m/z 134.0 was used to quantify 
sotorasib due to its higher intensity and similar noise background 
compared to product mass of m/z 317.0 (Fig. 2). Therefore, the m/z 
561.2 → 134.0 mass transition provides a higher sensitivity than 561.2 
→ 317.0. 

The chromatographic separation was optimized and developed on 
the Acquity UPLCTM BEH C18 column based on MS response, peak 
shape, and retention time. The acidic condition with 0.1% formic acid is 
preferred for the chromatographic separation compared to alkaline 
conditions. Despite sotorasib having a lower response than under alka
line condition (0.2% ammonium hydroxide in water), the acidic con
dition offered a better stability of the analyte’s retention time. We 
observed a retention time shift of ca. 0.5 min over several days when 
ammonium hydroxide was used as a mobile phase. The CO2 absorption 
into ammonium hydroxide solution may cause a decrease of pH of the 

Fig. 2. Response of sotorasib in plasma sample spiked with 2 ng/ml of sotorasib in both mass transitions (m/z 516.2 → 134.0 and 516.2 → 317.0).  
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eluent to below 9 [16], possibly leading to a retention time shift of 
sotorasib which has a predicted pKa value of 7. Although sotorasib has a 
lower response in acidic condition, the developed method was proven 
capable of achieving an excellent sensitivity to quantify sotorasib down 
to 2 ng/ml in all tested biological matrices. 

Further, methanol was utilized as the organic modifier since it gave a 
higher theoretical plate number than acetonitrile when used in the 
mobile phase. Due to the unavailability of a stable labeled-isotope 
compound of sotorasib, several compounds were investigated as an IS 
during the method development. Erlotinib was selected as the IS in this 
assay after screening several compounds possessing similar masses and 

chromatographic properties as sotorasib. Erlotinib was monitored at m/ 
z 394.1 → 278.1, adopting the previous method using the same instru
ment [17]. The final combination of water, formic acid, and methanol as 
mobile phase showed satisfactory chromatographic properties of sotor
asib and erlotinib with a total of 1.9 run time. This mobile phase eluted 
both compounds on the used column within 1 min, as depicted by Fig. 3. 

Sample preparation developed for this method was protein precipi
tation utilizing acetonitrile as the organic solvent. Protein precipitation 
is more straightforward than other methods, i.e., solid-phase extraction 
and liquid–liquid extraction, as used in the existing method of Mad
hyastha et al. [10]. Applying this method in a 96-well plate offers an 
enhanced sample throughput with hundreds of samples that can be 
executed in a shorter time compared to conducting this technique in an 
individual Eppendorf tube. Protein precipitation with acetonitrile is the 
most often used method to treat targeted covalent kinase inhibitors, 
characterized by acrylamide moiety as a neutrophilic warhead, in bio
logical matrices [11]. Since sotorasib also possesses an acrylamide 
moiety, protein precipitation may be effective to extract this compound 
in a variety of biological matrices. Further, this decision was confirmed 
by the recovery percentage of sotorasib in a variety of biological 
matrices (section 3.2.4.). 

Fig. 3. Chromatogram of sotorasib (A) and erlotinib (B) in mouse plasma at the LLoQ level of sotorasib (2 ng/ml) compared to double blank plasma sample (in grey).  

Table 2 
Assay performance data (n = 18; 3 days) of sotorasib in mouse plasma.  

QC Level Concentration 
(ng/ml) 

Accuracy 
(%) 

Intraday 
precision 
(%) 

Interday 
precision 
(%) 

High (H) 1600 90.7 1.7 2.1 
Medium (M) 80 98.3 4.4 4.6 
Low (L) 4 96.3 3.8 4.9 
Lower Limit of 

Quantification 
(LLoQ) 

2 97.8 8.0 9.2  
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3.2. Validation 

3.2.1. Calibration 
The relative response of sotorasib showed a linear trend over the 

investigated range of 2–2,000 ng/ml. Thus, linear regression equation 
(Y = aX + b) was used for calibration results. Parameter a is the slope, b 
denotes the intercept, Y being the area ratio of sotorasib to erlotinib, X is 
the concentration of sotorasib in ng/ml, and R2 determines the regres
sion coefficient. The average equation of the calibration curve for eight 
consecutive runs (reported as mean ± SD) was Y = 30.8 (±2.6)٠10-4 X 
+ 7.6 (±7.7)٠10-4 with R2 = 0.9988 (±0.0007). 

3.2.2. Precision & accuracy 
The performance of the developed analytical method was reported as 

accuracy and precision data at four QC levels for pooled mouse plasma 
(Table 2) and at the QC-medium level for each investigated tissue and 
small intestine content homogenate (Table 3). The accuracy, intra-day 
precision, and inter-day precision for QC-high, QC-medium, QC-low in 
plasma were within 15% and for QC-LLoQ within 20%. Moreover, the 
accuracy and precision for QC-med in all tested tissue-related matrices 
were within ± 15%. These results fulfilled the guideline requirements 
used as the framework [14,15]. Dilution integrity in human plasma was 
obtained with an accuracy of 97.4% and precision of 4.1% for 5-fold 
dilution at 8,000 ng/ml; and an accuracy of 96.9% and precision of 
2.2% for 10-fold dilution at 16,000 ng/ml, confirming the reliability of 
this dilution factor to be used for small volume samples as in a small 
rodent pharmacokinetic study. 

3.2.3. Selectivity 
None of the individual blank samples (6 plasma and 32 homoge

nates) were exceeding 20% of the sotorasib LLoQ response, and neither 
of the responses of erlotinib exceeding 5% of its normal response as 
required by the guidelines [14,15]. The measured sotorasib levels in 
LLoQ (2 ng/ml) spiked samples were 1.96 ± 0.18 ng/ml in plasma (n =
6) and 2.07 ± 0.21 ng/ml in tissue homogenates (n = 32), with only one 
liver homogenate sample exceeding 120% of the target value. These 
results indicate that the developed method was capable to quantify 
sotorasib down to 2 ng/ml. 

3.2.4. Recovery & matrix effect 
The extraction recovery data for QC-high, QC-med, QC-low and IS in 

pooled mouse plasma were 95.0 ± 4.8%, 90.0 ± 5.2%, 96.3 ± 8.4%, 
92.6 ± 3.9% respectively. Further, the matrix effect data of pooled 
mouse plasma tested at three QC-levels were 95.0 ± 2.6%, 94.4 ± 1.4%, 
and 93.1 ± 6.4%. The IS-normalized matrix factor (MF) was calculated 
to assess the relative matrix effect of individual matrices [15]. The 
relative matrix effect of the individual matrix (n = 38 for each level) was 
109.7 ± 3.8% for QC-high and 111.7 ± 9.0% for the QC-low level. The 

variations of calculated IS-normalized MF for QC-high were 4.7% in 
plasma matrices and ranged from 0.9 to 5.2% in tissue homogenates, 
whereas for QC-low samples variations were 9.5% for plasma and 
ranged from 0.9 to 8.9% in the investigated homogenates, as required by 
the guideline [15]. These results indicate that there is no significant 
interference of the investigated matrices in sotorasib quantification in 
this developed method. 

3.2.5. Stability 
The stability data of sotorasib in lithium heparin plasma at QC-high 

and -low levels are presented in Table 4, while the stability of sotorasib 
in variety tissue homogenates at the QC-medium level at room tem
perature for 6 h is given in Table 3. 

Sotorasib is stable under all tested conditions during the analytical 
procedure (Table 4). However, at room temperature, we observed a low 
stability of sotorasib. Thus, we conducted a further investigation for the 
room temperature stability in plasma. Our data describe that sotorasib is 
stable up to 6 h at ambient temperature and a slightly under the 85% 
requirement when QC-high level was exposed up to 8 h at room tem
perature, as depicted by Fig. 4. This data shows a similarity with the 
instability of other targeted covalent kinase inhibitors (TCKIs). Most 
TCKIs, except for ibrutinib and osimertinib, which have shorter stability 
periods, are stable for ca. 6 h when exposed to room temperature [11]. 

This low stability may be caused by the reactive acrylamide group of 
sotorasib. It has been well documented that small molecule drugs pos
sessing an acrylamide-derivative group, mostly in TCKIs, show low 
stability at room temperature [11]. The acrylamide group of sotorasib is 
an electrophilic warhead that can freely react with nucleophiles such as 
thiol and amine groups naturally present in biological matrices. More
over, the acrylamide group of sotorasib is not sterically protected by 
another group. This configuration enables free nucleophiles to easily 
react with this moiety, possibly leading to the limited stability of this 
compound at ambient temperature. 

3.2.6. Incurred sample reanalysis 
Incurred sample reanalysis of mouse pilot study samples one month 

after initial analysis (n = 24 for plasma and 6 for each tissue-related 
matrices) resulted in 17 samples in a difference exceeding 20%. This 
fulfills the guideline requirements, which allows 33% of samples (<22 
out of 66 samples) to have more than a 20% difference compared to the 
initial analysis [14,15]. 

3.3. Pharmacokinetic study in mice 

After successful validation, the new method was used to investigate 
sotorasib concentration in plasma and tissues in a pilot study during 4 h 
after a single oral dose of 20 mg/kg bodyweight to female FVB/NRj 
genetic background mice (n = 6). Sotorasib shows a rapid absorption 
with Cmax being achieved within 15 min after administration as depicted 
by Fig. 5. The obtained calculated pharmacokinetics parameters were: 
Tmax = 0.21 ± 0.06 h, Cmax = 4,231 ± 1,208 ng/ml, T1/2 = 0.60 ± 0.06 
h, AUC0→4 = 3,766 ± 896 ng.h.ml− 1, AUC0→∞ = 53,811 ± 898 ng.h. 
ml− 1. 

Fig. 6 illustrates the distribution of sotorasib in tissues and small 
intestine content. The sotorasib concentration in brain is much lower 
than in other tissues measured. This low concentration is likely caused 

Table 3 
The assay performance and stability (measured as % recovery after 6 h exposure 
at room temperature) of 80 ng/ml sotorasib in 7 tissue and small intestine 
content homogenates.  

Tissue Accuracy 
(%) 

Intraday 
precision (%) 

Interday 
precision (%) 

6 h RT 
stability 

Brain 101.8 3.2 4.3 98.5 ± 4.1 
Liver 100.2 2.9 3.0 101.6 ±

4.6 
Kidney 100.2 4.3 8.4 93.7 ± 6.2 
Spleen 100.1 3.6 4.8 88.4 ± 1.4 
Small intestine 111.4 7.5 8.5 91.8 ± 3.1 
Small intestine 

content 
106.1 5.3 6.7 92.6 ± 4.5 

Lung 111.0 2.2 5.2 96.1 ± 4.1 
Testis 95.9 4.7 7.9 89.9 ± 2.5 

h = hour, RT = room temperature. 

Table 4 
Stability data (reported as mean recovery (%) ± SD; n = 4) of sotorasib in mouse 
plasma.  

Condition QC-high QC-low 

6 h at room temperature 93.2 ± 2.8 89.0 ± 5.0 
4 freeze–thaw cycles 90.6 ± 1.9 89.0 ± 3.8 
3 months at − 30 ◦C 108.0 ± 8.8 87.9 ± 2.5  
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by the blood–brain barrier. In contrast, a very high concentration of 
sotorasib was found in small intestine content and small intestine. This 
result is possibly caused by the unabsorbed drug in the small intestine 
lumen or high transport of sotorasib into the gut. In order to establish a 
better insight into this matter, further mouse studies are necessary. 

4. Conclusions 

A bioanalytical method to quantify the first KRAS inhibitor sotorasib 
in plasma and tissues has been successfully developed and validated. 
The reported method was capable of analyzing 10-µl sample volumes 
with simple and efficient protein precipitation with acetonitrile in a 96- 
well format. The accuracy and precision at all levels in all bio-matrices 
tested fulfilled the requirement of international guidelines. The method 
showed neither a matrix effect nor any significant extraction loss. Lastly, 
this method successfully supported a pharmacokinetic and tissue dis
tribution study in mice and thus can be used for further preclinical 

investigation of sotorasib. 
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