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Highlights: 

• Targeted therapies display large pharmacokinetics variability impacting their efficacy 

or toxicity 

• A simple method may help to routinely monitor the concentrations of these drugs 

• We present here a simple and fast LC/MS/MS validated method for the routine 

measurement of these drugs 

• We also performed stability study in whole blood and plasma to help the 

management of the samples in routine situation 
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ABSTRACT 

Targeted therapies such as cabozantinib (CABO), pazopanib (PAZO), sorafenib (SORA), 

sunitinib (SUNI) and its main active metabolite N-desethyl-sunitinib (DST-SUNI), olaparib 

(OLA) and palbociclib (PALBO) display large pharmacokinetics variability impacting their 

responses in terms of efficacy or toxicity. For the monitoring of these drugs, an analytical 

method allowing to routinely measure their concentrations in human plasma is needed. 

Such a method has been developed and validated and is presented here. 

The chromatographic separation is achieved on a Zorbax Bonus-RP analytical column using 

an isocratic elution of 92% V/V of acetonitrile and 8% of water in 0.1% formic acid at a flow 

rate of 500 µl/min for 0.5 min and then 300 µl/min for 2 min. After a liquid-liquid extraction 

of plasma samples, a step of filtration is performed. This method was validated based on the 

EMA and French committee of accreditation guidelines. 

The analysis time is 2.5 minutes per run, and all analytes eluted within 0.53-1.61 minutes. 

The standard curves are linear over the range from 1 to 380 ng/ml for SUNI; from 4.3 to 450 

ng/ml for DST-SUNI; from 6 to 1000 ng/ml for PALBO; from 75 to 5000 ng/ml for CABO, from 

0.17 to 20 µg/ml for OLA; from 0.35 to 40 µg/ml for SORA and from 1.7 to 200 µg/ml for 

PAZO. The method also showed satisfactory results in terms precision (below 9.5% for 

within-run and below 13% for between-run) and accuracy (below 13.5% for within-run and 

below 14% for between-run). After sampling, all the compounds are stable in whole blood at 

ambient temperature at least for 6h and plasma are stable for 48h at ambient temperature 

or 4°C. 

The method presented here allows to measure the concentrations of 7 targeted therapies in 

a routine setting. We moreover present here a method that is, to our knowledge, one of the 

first detailed method aimed at the measurement of human palbociclib in plasma in a routine 
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setting, together with data useful for the management of samples in routine hospital 

practice. 
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1. INTRODUCTION 

Cabozantinib (CABO), pazopanib (PAZO), sorafenib (SORA), sunitinib (SUNI) and its main 

active metabolite, N-desethyl-sunitinib (DST-SUNI) are tyrosine kinase inhibitors (TKIs) which 

specifically target molecular aberrations of cancer cells by blocking the intracellular signals 

driving proliferation in malignant cells [1]. They have an important activity in many types of 

tyrosine kinases involved in angiogenesis, tumor growth and metastatic progression of 

cancer [2]. 

These molecules display a large pharmacokinetics (PK) variability mainly due to their 

absorption via P-gp [3] or metabolism via P450 cytochromes - 3A4 especially [2] - or food 

intake [4]. Each TKI generates an important number of metabolites that are often inactive, 

but SUNI have an active metabolite whose concentration in plasma representing between 

23% and 37% of the SUNI plasma concentration [5]. Although they are less toxic than 

conventional chemotherapy, these variability lead to high interpatient PK variability [6] 

resulting in exposure levels that may be related to potential toxicity or therapeutic inefficacy 

[7].  

Indeed, in parallel with this PK variability, many of these drugs display an exposure/response 

relationship [6]. More precisely, SUNI, DST-SUNI and SORA show an exposure – toxicity 

relationship [8,9] assessed by Cmax or AUC. Similarly, CABO and PAZO show an exposure – 

efficacy relationship [10,11] evaluated by Cmax, AUC, progression-free survival, objective 

response rate or overall survival.  

Palbociclib (PALBO), a cyclin-dependent kinases (CDK) 4 and 6 inhibitor, displays a quite 

similar pharmacokinetics profile with mainly hepatic metabolism via the P450 cytochromes -  

3A4 especially (CYP3A4) - and the sulfotransferase SULT-2A1 enzymes. But there also is an 

effect of food on variability (it tends to decrease variability) and potential drug – drug 
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interaction with molecules metabolized through CYP3A [12]. Interestingly, an association 

between higher PALBO exposure and toxicity (lower longitudinal neutrophil counts) is 

suggested [13]. Currently, there is few methods in the literature for the human plasmatic 

measurement of this drug. With respect to its PK/Pharmacodynamics (PD) profile and to the 

request of the clinicians, the development of an analytical method for the measurement of 

this drug in the plasma appeared us of interest. 

Olaparib (OLA), a poly (ADP-ribose) polymerase (PARP) inhibitor, is also metabolized mainly 

through CYP3A4 and is subject to drug-drug interaction similarly to the others drugs [14] 

while the effects of food seem less significant [15,16]. Interestingly, in a surgery context, the 

authors observed that, in addition to a large inter-patient variability of drug concentrations, 

the exposures of OLA were around 50% lower than those observed with similar doses in 

advanced diseases studies [17]. No obvious reasons could be proposed to explain such 

difference, underlying the interest of additional PK studies of this drug.  

The similarity between the metabolic profile and the PK/PD relationship of these molecules 

suggests the potential interest of their therapeutic drug monitoring (TDM) [18] to improve 

treatment benefit by reducing toxicity and increasing efficacy. This however needs an assay 

method that allows to routinely measure the concentrations of these drugs [19].  

To meet the request of clinicians and to make the technique convenient for the laboratory, 

we tried to develop a single method for all these drugs, instead of one for TKIs and one or 

two for the other drugs. We hereby develop and validate an assay method using Liquid 

chromatography – Tandem Mass spectrometry (LC-MS/MS) in which CABO, OLA, PALBO, 

PAZO, SORA, SUNI and DST-SUNI can be simultaneously quantified. With this method, we are 

able to easily assess the plasmatic concentrations of the molecules that display a PK/PD 
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relationship to address the TDM practice. It also supports clinical trials for molecule for 

which PK/PD relationship needs to be studied.  

 

2. MATERIALS AND METHODS 

2.1. Chemicals and reagents 

CABO, OLA, PALBO hydrochloride, PAZO hydrochloride, SORA, SUNI-L-malate, DST-SUNI 

hydrochloride, and [2H4]-CABO, [2H8]-OLA, [2H8]-PALBO, [13C, 2H3]-PAZO, [13C, 2H3]-SORA, 

[2H10]-SUNI, the six isotopic internal standards (IS) were purchased with certified weighing 

from Alsachim (Illkirch, France). As DST-SUNI and SUNI display very close chemical structures 

and a similar chromatographic behavior, [2H10]-SUNI was used as IS for both compound. 

Acetonitrile (CH3CN), methanol (MeOH), water LC-MS grade were purchased from Carlo Erba 

reagents (Val-de-Reuil, France). Acid formic and dimethylsulfoxyde (DMSO) were purchased 

from Thermo Fisher scientific (Illkirch, France). Ethyl acetate and sodium hydroxide (NaOH) 

were purchased from VWR chemicals (Fontenay-sous-bois, France). Ammonium acetate was 

purchased from Euromedex (Souffelweyersheim, France). Human plasma was purchased 

from a blood transfusion center (Besançon, France). All plasma and whole blood samples 

were taken using heparin as anticoagulant. 

2.2. Stock solutions, calibration standards and quality controls 

For each drug, two stock solutions - for the calibrators and the quality controls (QCs) - were 

separately prepared with two different certified amounts of drugs. Six stock solutions of IS 

were prepared as described in table 1. The same volume of each IS stock solutions was 

mixed to obtain the IS working solution. All of these solutions were stored at -40°C, except 

PALBO at + 4°C and PAZO at room temperature. SUNI and DST-SUNI were stored in a dark 
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place because light induces intra-molecular transformations [20]. Calibrators were prepared 

in advance by appropriate dilution of working solution of each molecule in blank plasma at 

different level according to the drug (Table 2). QCs were prepared in blank plasma to obtain 

concentrations of 20, 80 and 480 ng/ml for PALBO; 7.63, 30.52 and 183.12 ng/ml for SUNI; 

9.10, 36.4 and 218.4 ng/ml for DST-SUNI; 200, 800 and 4800 ng/ml for CABO; 375, 1500 and 

9000 ng/ml for OLA; 750, 3000 and 18000 ng/ml for SORA and 3750, 15000 and 90000 ng/ml 

for PAZO. Calibrators, QCs and patients’ plasma samples were stored at – 20°C. 

2.3. Equipment and LC-MS/MS conditions 

The mass spectrometer devices consisted of a Dionex HPLC system controlled with 

Chromeleon® software and with an Endura (Thermo Fisher Scientific, San Jose, California) 

triple quadrupole mass spectrometer controlled with TSQ Tune Application® Software. The 

quantitative analysis was performed using the Tracefinder® software. A Heated Electrospray 

Ionization Source (HESI) in positive mode was used with the following parameters: ionization 

voltage set at 4000 V, vaporizer temperature at 250°C, capillary temperature at 250°C, 

sheath gas flow at 35 arbitrary units. The used transitions are reported in Table 3. The liquid 

chromatography was performed in isocratic condition with the following elution solvent at 

room temperature and a flow rate of 500 µl/min for 0.5 min and then 300 µl/min for 2 min 

(92% V/V of acetonitrile and 8% of water in 0.1% formic acid). Separation was performed on 

Zorbax Bonus-RP analytical column (150 x 2.1 mm, 1.8 µm) placed in a thermostated column 

heater at 50°C. The run time is 2.5 min. Data acquisition was performed using Tracefinder® 

software. The ion values used for the method for each compound are described in the Table 

3. 
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2.4. Sample preparation  

Sample preparation was performed as follows: 150 µl of human plasma and 100 µl of NaOH 

were added to 10 µl of the IS working. Samples were vortexed a few seconds, then 700 µl of 

ethyl acetate was added. After being vortexed during 30 seconds, the samples were 

centrifuged at 10000 RPM for 5 minutes. 600 µl of supernatant were collected in an 

extraction tube and evaporated under nitrogen flow. The dried samples were reconstituted 

with 150 µl of a mixture of 55% of methanol/45% of solvent A (ammonium acetate 1 M in 

water, pH adjusted to 3.2 with formic acid). The samples were vortexed during 30 seconds 

and filtrated using Captiva ND Lipids plates. The filtrates were injected into the system. 8 µl 

were injected if the sample contains PALBO and 2 µl for all others. 

2.5. Assay conditions  

After extraction and sample measurements as previously described, a calibration curve was 

plotted with the ratio drug/IS areas as a function of the respective concentrations. A 

weighting factor (1/x) was applied to the calibration curve. For each run, the linearity of the 

calibration curve was assessed by the percentage of deviation between nominal and 

measured concentration of standards which should be below 15% (20% for the lowest 

calibration standard). 

2.6. Method validation  

The method has been validated based on the EMA Guideline on bioanalytical method 

validation and, when appropriate, on the French committee of accreditation’s guidelines for 

biological method [21,22].  
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2.6.1. LOQ 

The limit of quantification (LOQ) is the lowest concentration which presents a maximum 

inter-run imprecision (CV) of 20%. LOQ was assessed on 15 samples.  

 

2.6.2. Selectivity  

To assess the selectivity, potential endogenous interferences were checked using 6 sources 

of blank samples. The responses observed should not be greater than 20% of LOQ for each 

drug and not greater than 5% for each IS.  

Moreover, the potential interferences between the 7 drugs were assessed. 

2.6.3. Carry-cover 

Following the EMA guidelines, 3 blank samples were injected after high concentration 

calibrators (G7). The responses observed should not be greater than 20% of that of LOQ for 

each molecule and not greater than 5% for each IS. Moreover, we also followed the method 

recommended by French committee of accreditation. For this purpose, 3 high-level 

calibrators (G7) were followed by three samples of the lowest-level calibrator (G1). This 

sequence was repeated 3 times. The carry-over, expressed in %, was calculated as the ratio 

of the difference between the mean of the first low-level calibrator (mLC1) and the mean of 

the third low-level calibrator (mLC3) and the difference between the mean of the high-level 

calibrator (mHC) and the mean of the third low-level calibrator, as follows: 

����� ���� 	%� =  
	��1 − ��3�

	�� − ��3�
 × 100 

 



11 

 

2.6.4. Accuracy and precision  

The between-run accuracy was assessed with a total of 22 controls assayed in 3 different 

runs performed on 3 different days with different manipulators. The within-run accuracy was 

assessed on 10 samples of each control. The same pattern was used to assess the between-

run precision and within-run precision. The precision was calculated as the coefficient of 

variation (CV %) and the accuracy as the bias of percentage of deviation between nominal 

and measured concentration. The accuracies and precisions were accepted if the percentage 

of deviation between theoretical and experimental concentrations for each calibration level 

and QC samples were less than ± 15%. 

2.6.5. Matrix effect 

Following EMA recommendations, the ME should be evaluated with a CV of the IS-

normalized matrix factor which is calculated from 6 lots of matrix and should not be greater 

than 15%. 

2.6.6. Stability 

For acceptable stability results, ratios between measured concentrations at the beginning of 

the study and those measured during the study should be within ± 15%. This parameter was 

investigated in QCs–high and –low plasma samples stored in polypropylene tubes. Drug 

concentrations variations were expressed as a percentage of the initial concentration 

measured at T0. Analyses were performed in triplicate: 

� Stability of plasma and whole blood spiked with drugs, kept at room temperature (RT) and 

at 4°C after being left at RT and at 4°C 6h, 24h and 48h.  
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� Stability of plasma samples kept frozen at -20°C: the response of freshly prepared 

calibration and QC samples was compared to the same frozen calibration and QC samples 

stored 3 months at -20°C 

� Stability of drugs in extracts was assessed by re-injection of the extracts after additional 

storage of 9 days at + 4°C 

Moreover, the stability of stock solutions was assessed by comparing their concentrations 

with newly reconstituted solutions. Stability of extracts kept onboard the autosampler at 

10°C was also assessed, as well as the effect of three cycles of freeze and thaw. The mean 

concentrations should be within ± 15% of the nominal values. 

2.6.7. Linearity  

To assess the upper LOQ, we spiked samples with each drug at the concentration of 750, 

1000 and 1500 ng/ml for PALBO; 305.2, 381.5 and 572.25 ng/ml for SUNI; 364, 455 and 

682.5 ng/ml for DST-SUNI; 7.5, 10 and 15 µg/ml for CABO; 15, 20 and 30 µg/ml for OLA; 30, 

40 and 60 µg/ml for SORA and 150, 200 and 300 µg/ml for PAZO. The concentrations 

obtained were compared to their theoretical amounts. 

 2.7 Clinical application 

This method aims at the measurement of targeted therapies in plasma of patients. Blood 

samples were taken as part of the routine clinical care from patients treated with targeted 

therapies either to perform TDM or to assess the patients’ observance. Blood samples were 

process and analyzed as previously described. 
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3. RESULTS  

3.1. Chromatograms  

Using our isocratic chromatographic conditions, the retention times observed were 

respectively, around 0.53 min for DST-SUNI, 0.54 min for SUNI, 0.62 min for PAZO, 0.63 min 

for CABO, 0.78 min for PALBO, 0.89 min for OLA and 1.61 min for SORA as shown in Fig. 1. 

3.2. LOQ 

The values of obtained and set for routine application LOQ with the corresponding CV are 

summarized in Table 4. 

3.3.  Selectivity  

No peaks from endogenous compounds were observed at the drugs retention times in any 

of the 6 blank plasma extracts evaluated. The endogenous responses in blank plasma were 

always below 2.02% of the signal of the LOQ for each analyte and below 0.75% for the IS. 

Besides, there were neither interference between the 6 drugs nor between sunitinib and its 

main active metabolite. 

3.4. Carry-cover  

Following the EMA guidelines, 3 blank samples were injected after high concentration 

calibrators. The responses (peak area) observed after the injection of blank samples were 

below 1.72%, 2.81%, 1.20%, 0%, 0%, 0.37% and 0% of that of the LOQ, respectively for 

PALBO, SUNI, DST-SUNI, CABO, OLA, SORA and PAZO. There was no carry-over for each IS. 

As our method is made to simultaneously measure very low and very high concentrations, 

we also assessed the carry-over effect following the method provided by the French 

committee of accreditation. When we used this method, the maximal percentage of 

contamination was 0.08% between the first and the third blank.  
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3.5. Accuracy and precision  

Accuracy and precision results are summarized in Table 5 and fulfill the objectives of EMA. 

3.6. Matrix effect 

For the higher concentrations, the CV of the IS-normalized matrix factors were 8.09% for 

PALBO, 1.05% for SUNI, 4.84% for DST-SUNI, 2.11% for CABO, 7.14% for OLA, 3.12% for SORA 

and 3.77% for PAZO. For lower concentrations, it was 4.02% for PALBO, 6.30% for SUNI, 

7.44% for DST-SUNI, 3.98% for CABO, 4.69% for OLA, 2.81% for SORA and 1.88% for PAZO. 

They therefore fulfill the criteria. 

3.7. Stability  

Regarding the whole blood stability study; all analytes - except DST-SUNI and PALBO - were 

found to be stable for 48h with a maximum deviation from initial conditions of 12.3%, 4.6%, 

-2.3%, 5.6% and 2.6% at ambient temperature and of 7.2%, 1.8%, -7.0%, -6.1% and 5.1% at 

4°C for SUNI, CABO, PAZO, OLA and SORA respectively, whatever the level of concentration. 

In our hands, DST-SUNI was found to be stable in whole blood, at ambient temperature or at 

4°C, for 6h with a maximal deviation from initial conditions of 3.3% and 3.2% respectively for 

the low level of concentration. Regarding PALBO, this analyte was found to be stable in 

whole blood at ambient temperature for 24h for both levels (maximal deviation: -8.6%). 

Regarding the stability in plasma, all the analytes were found to be stable for at least 48h for 

both levels (maximum deviation from initial conditions: -12.3%). 

When frozen, the analytes were found to be stable for at least 3 months at -20°C. Finally, 

after extraction, the extracts were stable for at least 9 days when kept at 4°C and at least 24 

hours when kept onboard at 10°C. 
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In our hands, all the stock solutions were stable for at least 12 months for all drugs at their 

respective storage temperature. 

Finally, there was no effect of freeze and thaw cycles as their concentrations were within 

11.2 % of their nominal temperature. 

3.8. Linearity 

The upper limit of quantification we obtained are summarized in Table 4. 

3.9. Clinical application 

As described in the figure 2, the compounds were easily detected and measured in all cases. 

No interferences could be observed both between the studied targeted therapies and 

between others drugs than can be administered to patients.   
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4. DISCUSSION  

We present here a method for the simultaneous measurement of 6 drugs and a main 

metabolite of one of them. The method we developed was made to perform the assessment 

of these drug concentrations in a routine setting. This implies that our method should be 

practical, fast and allows to measure the concentrations of these drugs usually observed in 

patients. 

During the development of the method, we evaluated the two mostly used technics for drug 

extraction, i.e. the protein precipitation (PP) and the liquid-liquid extraction (LLE). In the 

literature, PP is the most described for all of molecules, [7,23,24] excluding CABO for which 

only LLE is employed when assessed alone or with other drug [25,26]. Using LLE we observed 

better signal-to-noise ratio. This is certainly due to a lower matrix effect, as it is known that 

this method decreases the matrix effect allowing to obtain a better matrix factor than PP 

[27]. In addition, we performed a step of filtration using a simple device (Captiva ND lipid 

plates, Agilent) to further improve our results. This filtration aims at removing phospholipids 

and residual proteins from biofluids as well as reducing ion suppression [28]. The addition of 

this step clearly enhanced the sensitivity of the method and avoided the overloading of the 

column.  

As the method we propose was made to measure drug concentrations for patients in a 

routine setting, it was developed so that the LOQ be lower than the minimal plasmatic 

concentration (Cmin) for each molecule. In the literature, the LOQ were sometimes lower 

than those we obtained [7,23–26,29,30]. The lower LOQ may be related to higher volumes of 

injection volumes (10 to 25 µL) as compared to those we used (2 µL, except 8 µL for PALBO). 

Nevertheless, we estimated that it was not necessary to improve this parameter since it is 

already under the trough concentration in routine setting in most cases. 
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The values of the MQC we chose are 17% of the calibration range, instead 30-50% as 

recommended by the EMA. In fact, we chose this value with respect of the sampling times in 

clinical routine. Indeed, blood samples are often taken near through concentration or few 

hours before. The values of the low QC were chosen to match with concentrations in the 

first case. The values of the MQC were chosen to match in the latter case. 

It could be argue that we don’t measure SORA metabolite concentration like SUNI and DST-

SUNI. Indeed, SORA has an active metabolite accounting for around 9% to 17% of SORA 

concentration [31]. However, as the recommendations for the OSRA monitoring are only 

based on the sole SORA measurement [2,6], we did not include its metabolite in our method. 

Interestingly, we observed a satisfactory separation of compounds’ chromatograms with 

different chemical structures. We can mention in this regard DST-SUNI and SORA, whose 

retention times - respectively 0.53 min and 1.61 min - are short and yet the furthest apart. 

The analysis is fast and only lasts two minutes, so that the results can be delivered in a day. 

In the literature, data regarding the stability in whole blood is very rare and even frequently 

missing. It is however a crucial parameter as a delay between the sampling and the arrival to 

the laboratory is often observed in routine setting. Moreover, as samples are often 

performed in another hospital, data about stability are useful in order to manage their 

shipping, hence the convenience of our method.  

More specifically, we found that SUNI should be transferred and centrifuged into the 

laboratory within 6h due to DST-SUNI instability. However, after centrifugation, the plasma 

is stable for 48h and can be sent within this length even at ambient temperature. PALBO also 

displays a lower stability and should be centrifuged within 24h after sampling. In plasma, all 

the compounds were stable at 4°C or at ambient temperature for 48h, indicating that, after 

centrifugation, the samples can be sent even at ambient temperature within this length. 
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Thus, practically, all samples can be transferred to a laboratory that can perform a 

centrifugation within 48h at ambient temperature except those for PALBO (24h) and both 

SUNI and DST-SUNI for which the samples should reach this laboratory within 6h. 

Interestingly, the extracts can be analyzed up to 9 days after the extraction. So, in case of 

quick emergency analysis needing to use the analyzer previously dedicated to the assay of 

the present analytes, the measurement of the drugs can be easily delayed facilitating the 

management of analyzer allocation. 

Finally, the method we developed is one of the first in the literature for the routine 

measurement of PALBO in human plasma using a mass spectrometry detection. Indeed, the 

methods described until now either concerned studies on animals, [32–35] or measurement 

in plasma with UV detection [36]. Only two very recent articles describe methods for the 

measurement of PALBO in human with mass spectrometry detection [37,38]. The calibration 

range of the first one is between 50 to 1000 ng/mL [37] while that of the second one is 2 to 

200 ng/mL [38]. In our experience, the concentrations we measured in patients for routine 

follow-up ranged between 13 to 229 ng/mL. Of note, more than 17% of the concentrations 

were below 50 ng/mL, emphasizing the importance of a LOQ below this value. In our case, 

the calibration range allowed us to measure all these patients in a single run, without 

dilution for the highest concentrations. This is interesting insofar as more studies are needed 

to confirm the potential PK/PD relationship previously described [13]. 

 

5. CONCLUSION 

We have thus developed and validated a simple and fast method that enables to routinely 

quantify 6 drugs and one metabolite simultaneously in human plasma using LC-MS/MS. This 

technique is adapted to TDM and can be used in clinical routine for most of these molecules 
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and also for the PK studies for PALBO and OLA. The measurement method for PALBO in 

human is all the more interesting that its detection parameters are suitable to 6 other 

molecules. In the future, this technique could be easily and quickly adapted to incorporate 

active metabolites or additional drugs. 

  



20 

 

REFERENCES  

[1] N. Steeghs, J.W.R. Nortier, H. Gelderblom, Small Molecule Tyrosine Kinase Inhibitors in the 

Treatment of Solid Tumors: An Update of Recent Developments, Ann Surg Oncol. 14 (2007) 

942–953. doi:10.1245/s10434-006-9227-1. 

[2] B. Gao, S. Yeap, A. Clements, B. Balakrishnar, M. Wong, H. Gurney, Evidence for Therapeutic 

Drug Monitoring of Targeted Anticancer Therapies, J Clin Oncol. 30 (2012) 4017–4025. 

doi:10.1200/JCO.2012.43.5362. 

[3] P. Slobbe, A.J. Poot, A.D. Windhorst, G.A.M.S. van Dongen, PET imaging with small-molecule 

tyrosine kinase inhibitors: TKI-PET, Drug Discov Today. 17 (2012) 1175–1187. 

doi:10.1016/j.drudis.2012.06.016. 

[4] T. Terada, S. Noda, K. Inui, Management of dose variability and side effects for individualized 

cancer pharmacotherapy with tyrosine kinase inhibitors, Pharmacol Ther. 152 (2015) 125–134. 

doi:10.1016/j.pharmthera.2015.05.009. 

[5] A. Kim, F.M. Balis, B.C. Widemann, Sorafenib and Sunitinib, Oncologist. 14 (2009) 800–805. 

doi:10.1634/theoncologist.2009-0088. 

[6] R.B. Verheijen, H. Yu, J.H.M. Schellens, J.H. Beijnen, N. Steeghs, A.D.R. Huitema, Practical 

Recommendations for Therapeutic Drug Monitoring of Kinase Inhibitors in Oncology, Clin 

Pharmacol Ther. 102 (2017) 765–776. doi:10.1002/cpt.787. 

[7] N.P. van Erp, D. de Wit, H.-J. Guchelaar, H. Gelderblom, T.J. Hessing, J. den Hartigh, A validated 

assay for the simultaneous quantification of six tyrosine kinase inhibitors and two active 

metabolites in human serum using liquid chromatography coupled with tandem mass 

spectrometry, J Chromatogr B Analyt Technol Biomed Life Sci. 937 (2013) 33–43. 

doi:10.1016/j.jchromb.2013.08.013. 

[8] Y.L. Teo, X.P. Chue, N.M. Chau, M.-H. Tan, R. Kanesvaran, H.L. Wee, H.K. Ho, A. Chan, 

Association of drug exposure with toxicity and clinical response in metastatic renal cell 

carcinoma patients receiving an attenuated dosing regimen of sunitinib, Target Oncol. 10 

(2015) 429–437. doi:10.1007/s11523-014-0349-2. 

[9] P. Boudou-Rouquette, C. Narjoz, J.L. Golmard, A. Thomas-Schoemann, O. Mir, F. Taieb, J.-P. 

Durand, R. Coriat, A. Dauphin, M. Vidal, M. Tod, M.-A. Loriot, F. Goldwasser, B. Blanchet, Early 

Sorafenib-Induced Toxicity Is Associated with Drug Exposure and UGTIA9 Genetic 

Polymorphism in Patients with Solid Tumors: A Preliminary Study, PLoS One. 7 (2012) e42875. 

doi:10.1371/journal.pone.0042875. 

[10] A.B. Suttle, H.A. Ball, M. Molimard, T.E. Hutson, C. Carpenter, D. Rajagopalan, Y. Lin, S. Swann, 

R. Amado, L. Pandite, Relationships between pazopanib exposure and clinical safety and 

efficacy in patients with advanced renal cell carcinoma, Br J Cancer. 111 (2014) 1909–1916. 

doi:10.1038/bjc.2014.503. 

[11] H. Singh, M. Brave, J.A. Beaver, J. Cheng, S. Tang, E. Zahalka, T.R. Palmby, R. Venugopal, P. Song, 

Q. Liu, C. Liu, J. Yu, X.H. Chen, X. Wang, Y. Wang, P.G. Kluetz, S.R. Daniels, E.J. Papadopoulos, R. 

Sridhara, A.E. McKee, A. Ibrahim, G. Kim, R. Pazdur, U.S. Food and Drug Administration 

Approval: Cabozantinib for the Treatment of Advanced Renal Cell Carcinoma, Clin. Cancer Res. 

23 (2017) 330–335. doi:10.1158/1078-0432.CCR-16-1073. 

[12] A. De Luca, M.R. Maiello, A. D’Alessio, D. Frezzetti, M. Gallo, M. Carotenuto, N. Normanno, 

Pharmacokinetic drug evaluation of palbociclib for the treatment of breast cancer, Expert Opin 

Drug Metab Toxicol. 14 (2018) 891–900. doi:10.1080/17425255.2018.1514720. 

[13] W. Sun, P.J. O’Dwyer, R.S. Finn, A. Ruiz-Garcia, G.I. Shapiro, G.K. Schwartz, A. DeMichele, D. 

Wang, Characterization of Neutropenia in Advanced Cancer Patients Following Palbociclib 

Treatment Using a Population Pharmacokinetic-Pharmacodynamic Modeling and Simulation 

Approach: Journal of Clinical Pharmacology, J Clin Pharmacol. 57 (2017) 1159–1173. 

doi:10.1002/jcph.902. 



21 

 

[14] L. Dirix, H. Swaisland, H.M.W. Verheul, S. Rottey, K. Leunen, G. Jerusalem, C. Rolfo, D. Nielsen, 

L.R. Molife, R. Kristeleit, J. de Vos-Geelen, M. Mau-Sørensen, P. Soetekouw, C. van Herpen, A. 

Fielding, K. So, W. Bannister, R. Plummer, Effect of Itraconazole and Rifampin on the 

Pharmacokinetics of Olaparib in Patients With Advanced Solid Tumors: Results of Two Phase I 

Open-label Studies, Clin Ther. 38 (2016) 2286–2299. doi:10.1016/j.clinthera.2016.08.010. 

[15] R. Plummer, H. Swaisland, K. Leunen, C.M.L. van Herpen, G. Jerusalem, J. De Grève, M.P. 

Lolkema, P. Soetekouw, M. Mau-Sørensen, D. Nielsen, J. Spicer, A. Fielding, K. So, W. Bannister, 

L.R. Molife, Olaparib tablet formulation: effect of food on the pharmacokinetics after oral 

dosing in patients with advanced solid tumours, Cancer Chemother Pharmacol. 76 (2015) 723–

729. doi:10.1007/s00280-015-2836-2. 

[16] C. Rolfo, H. Swaisland, K. Leunen, A. Rutten, P. Soetekouw, S. Slater, H.M.W. Verheul, A. 

Fielding, K. So, W. Bannister, E. Dean, Effect of Food on the Pharmacokinetics of Olaparib after 

Oral Dosing of the Capsule Formulation in Patients with Advanced Solid Tumors, Adv Ther. 32 

(2015) 510–522. doi:10.1007/s12325-015-0214-4. 

[17] N. Bundred, J. Gardovskis, J. Jaskiewicz, J. Eglitis, V. Paramonov, P. McCormack, H. Swaisland, 

M. Cavallin, T. Parry, J. Carmichael, J.M. Dixon, Evaluation of the pharmacodynamics and 

pharmacokinetics of the PARP inhibitor olaparib: a Phase I multicentre trial in patients 

scheduled for elective breast cancer surgery, Invest New Drugs. 31 (2013) 949–958. 

doi:10.1007/s10637-012-9922-7. 

[18] J.H. Beumer, Without Therapeutic Drug Monitoring, There Is No Personalized Cancer Care, Clin 

Pharmacol Ther. 93 (2013) 228–230. doi:10.1038/clpt.2012.243. 

[19] N. Widmer, C. Bardin, E. Chatelut, A. Paci, J. Beijnen, D. Levêque, G. Veal, A. Astier, Review of 

therapeutic drug monitoring of anticancer drugs part two – Targeted therapies, Eur J Cancer. 50 

(2014) 2020–2036. doi:10.1016/j.ejca.2014.04.015. 

[20] P. de Bruijn, S. Sleijfer, M.H. Lam, R.H. Mathijssen, E.A. Wiemer, W.J. Loos, Bioanalytical 

method for the quantification of sunitinib and its n-desethyl metabolite SU12662 in human 

plasma by ultra performance liquid chromatography/tandem triple-quadrupole mass 

spectrometry, J Pharm Biomed Anal N1.- 2706. 51 (2010) 934–41. 

[21] Guideline on bioanalytical method validation, European Medicines Agency, 2011. 

https://www.ema.europa.eu/documents/scientific-guideline/guideline-bioanalytical-method-

validation_en.pdf. 

[22] Guide technique d’accréditation de vérification (portée A) / Validation (portée B) des méthodes 

en biologie médicale - Document SH GTA 04 - Révision 01, COFRAC, 2018. 

http://www.cofrac.fr/documentation/SH-GTA-04. 

[23] I. Andriamanana, I. Gana, B. Duretz, A. Hulin, Simultaneous analysis of anticancer agents 

bortezomib, imatinib, nilotinib, dasatinib, erlotinib, lapatinib, sorafenib, sunitinib and 

vandetanib in human plasma using LC/MS/MS, J Chromatogr B Analyt Technol Biomed Life Sci. 

926 (2013) 83–91. doi:10.1016/j.jchromb.2013.01.037. 

[24] R.W. Sparidans, I. Martens, L.B.J. Valkenburg-van Iersel, J. den Hartigh, J.H.M. Schellens, J.H. 

Beijnen, Liquid chromatography–tandem mass spectrometric assay for the PARP-1 inhibitor 

olaparib in combination with the nitrogen mustard melphalan in human plasma, J Chromatogr 

B Analyt Technol Biomed Life Sci. 879 (2011) 1851–1856. doi:10.1016/j.jchromb.2011.05.003. 

[25] A.S. Abdelhameed, M.W. Attwa, A.A. Kadi, An LC–MS/MS method for rapid and sensitive high-

throughput simultaneous determination of various protein kinase inhibitors in human plasma, 

Biomed Chromatogr. 31 (2017) e3793. doi:10.1002/bmc.3793. 

[26] A.A. Kadi, A.S. Abdelhameed, H.W. Darwish, M.W. Attwa, A.H. Bakheit, Liquid chromatographic-

tandem mass spectrometric assay for simultaneous quantitation of tofacitinib, cabozantinib 

and afatinib in human plasma and urine, Trop J Pharm Res. 15 (2016) 2683–2692. 

doi:10.4314/tjpr.v15i12.21. 

[27] C. Ghosh, S. Gaur, Ch,  rakant P. Shinde, B. Chakraborty, A Systematic Approach to Overcome 

the Matrix Effect during LC-ESI-MS/ MS Analysis by different Sample Extraction Techniques, J 

Bioequiv Availab. 3 (2011) 122–127. doi:10.4172/jbb.1000072. 



22 

 

[28] S. Kim, A. Bisch, D. Montange, M.-J. Paillard, T. Nguyen, M. Jary, M. Jacquin, B. Winkfield, C. 

Borg, B. Royer, A simple and fast LC–MS/MS method with a very high sensitivity for the 

measurement of raltitrexed in human plasma, J Chromatogr B Analyt Technol Biomed Life Sci. 

1060 (2017) 240–246. doi:10.1016/j.jchromb.2017.06.021. 

[29] R.W. Sparidans, T.T.A. Ahmed, E.W. Muilwijk, M.E.B. Welzen, J.H.M. Schellens, J.H. Beijnen, 

Liquid chromatography–tandem mass spectrometric assay for therapeutic drug monitoring of 

the tyrosine kinase inhibitor pazopanib in human plasma, J Chromatogr B Analyt Technol 

Biomed Life Sci. 905 (2012) 137–140. doi:10.1016/j.jchromb.2012.08.004. 

[30] H.H. Huynh, C. Pressiat, H. Sauvageon, I. Madelaine, P. Maslanka, C. Lebbé, C. Thieblemont, L. 

Goldwirt, S. Mourah, Development and Validation of a Simultaneous Quantification Method of 

14 Tyrosine Kinase Inhibitors in Human Plasma Using LC-MS/MS, Ther Drug Monit. 39 (2017) 

43–54. doi:10.1097/FTD.0000000000000357. 

[31] G.M. Keating, A. Santoro, Sorafenib: a review of its use in advanced hepatocellular carcinoma, 

Drugs N1.- 2123. 69 (2009) 223–40. 

[32] B.B. Chavan, S. Tiwari, S. G., R.D. Nimbalkar, P. Garg, S. R., M.V.N.K. Talluri, In vitro and in vivo 

metabolic investigation of the Palbociclib by UHPLC-Q-TOF/MS/MS and in silico toxicity studies 

of its metabolites, J Pharm Biomed Anal. 157 (2018) 59–74. doi:10.1016/j.jpba.2018.05.008. 

[33] L. Nguyen, W.-Z. Zhong, C.L. Painter, C. Zhang, S.V. Rahavendran, Z. Shen, Quantitative analysis 

of PD 0332991 in xenograft mouse tumor tissue by a 96-well supported liquid extraction format 

and liquid chromatography/mass spectrometry, J Pharm Biomed Anal. 53 (2010) 228–234. 

doi:10.1016/j.jpba.2010.02.031. 

[34] D. Paul, S. Surendran, P. Chandrakala, N. Satheeshkumar, An assessment of the impact of green 

tea extract on palbociclib pharmacokinetics using a validated UHPLC-QTOF-MS method, 

Biomedical Chromatography. (2018) e4469. doi:10.1002/bmc.4469. 

[35] D. Smith, M. Tella, S.V. Rahavendran, Z. Shen, Quantitative analysis of PD 0332991 in mouse 

plasma using automated micro-sample processing and microbore liquid chromatography 

coupled with tandem mass spectrometry, Journal of Chromatography B. 879 (2011) 2860–2865. 

doi:10.1016/j.jchromb.2011.08.009. 

[36] R.B. Nalanda, A.S. Rao, D.G. Sankar, Determination of palbociclib in human plasma using high 

performance liquid chromatography – ultraviolet detection, Int J Pharm Sci Res. 9 (n.d.) 3883–

3888. 

[37] J.M. Janssen, N. de Vries, N. Venekamp, H. Rosing, A.D.R. Huitema, J.H. Beijnen, Development 

and validation of a liquid chromatography-tandem mass spectrometry assay for nine oral 

anticancer drugs in human plasma, Journal of Pharmaceutical and Biomedical Analysis. 174 

(2019) 561–566. doi:10.1016/j.jpba.2019.06.034. 

[38] A. Martínez-Chávez, H. Rosing, M. Hillebrand, M. Tibben, A.H. Schinkel, J.H. Beijnen, 

Development and validation of a bioanalytical method for the quantification of the CDK4/6 

inhibitors abemaciclib, palbociclib, and ribociclib in human and mouse matrices using liquid 

chromatography-tandem mass spectrometry, Anal Bioanal Chem. 411 (2019) 5331–5345. 

doi:10.1007/s00216-019-01932-w. 

 

  



23 

 

Figure legends 

 

Figure 1: Chromatograms obtained at 2 µL of respectively, from top to bottom: SUNI, DST-

SUNI, PAZO, CABO, OLA, SORA, for the lowest calibrator concentration (A) and the highest 

one (B). PALBO’s chromatogram obtained at 8 µL for the lowest calibrator concentration (C) 

and the highest (D). 

Figure 2: Typical chromatograms of the targeted therapies obtained in plasma of patients. 

The compounds are respectively SUNI (A), DST-SUNI (B),  PAZO (C), CABO (D), PALBO (E), OLA 

(F) and SORA (G). 
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Table 1: Preparation of the stock solutions of calibrators, quality controls and internal 

standards. 

Analyte Solvent Final concentration 

Calibrators and QCs   

PALBO Water 1 mg/ml 

SUNI MeOH / 2% HCOOH 0.763 mg/ml 

DST-SUNI MeOH 0.91 mg/ml 

CABO MeOH 1 mg/ml 

OLA MeOH 200 µg/ml 

SORA MeOH 1 mg/ml 

PAZO DMSO 10 mg/ml 

IS   

[2H8]-PALBO CH3CN 20 µg/ml 

[2H10]-SUNI CH3CN 20 µg/ml 

[2H4]-CABO CH3CN 20 µg/ml 

[2H8]-OLA CH3CN 20 µg/ml 

[13C, 2H3]-SORA CH3CN / 2% DMSO 200 µg/ml 

[13C, 2H3]-PAZO MeOH / 4% DMSO 200 µg/ml 

 

  



Table 2: Target concentrations of the calibrators (ng/ml).  

Analyte G1 G2 G3 G4 G5 G6 G7 

PALBO 10 25 50 100 150 250 500 

SUNI 3.8 9.5 19.1 38.2 57.2 95.4 190.8 

DTS-SUNI 4.6 11.4 22.8 45.5 68.3 113.8 227.5 

CABO 100 250 500 1000 1500 2500 5000 

OLA 200 500 1000 2000 3000 5000 10000 

SORA 400 1000 2000 4000 6000 10000 20000 

PAZO 2000 5000 10000 20000 30000 50000 100000 

 

  



Table 3: Precusor molecular ion/product for quantification or confirmation ; and detection 

parameters (tube lens voltage (TL)/collision energy (CE)) for each analyte. 

Analyte 
Precursor 

ion 

Product ion 

quantification 
TL (V) CE (V) 

Product ion 

confirmation 
CE (V) 

PALBO 448.22 380.10 298.48 28.00 362.17 38.31 

SUNI 399.12 326.11 153.47 20.82 283.07 26.18 

DST-SUNI 371.15 283.07 132.24 20.21 326.11 16.27 

CABO 502.13 323.04 251.46 38.92 307.00 55.00 

OLA 435.03 367.11 232.65 21.33 281.00 33.56 

SORA 465.02 252.04 273.30 33.71 270.11 24.06 

PAZO 438.12 357.11 298.48 30.38 341.11 46.30 

[2H8]-PALBO 456.32 388.22 260.86 30.22 370.22 41.35 

[2H10]-SUNI 409.29 326.11 205.04 22.69 283.04 27.44 

[2H4]-CABO 506.23 323.11 298.48 39.38 307.07 55.00 

[2H8]-CABO 443.26 375.16 190.18 22.29 281.07 34.37 

[13C, 2H3]-SORA 469.15 256.11 298.48 35.63 274.11 25.52 

[13C, 2H3]-PAZO 442.22 361.16 298.48 31.08 341.18 47.92 

 

  



Table 4 : LOQs obtained and selected (ng/mL) with their corresponding CV (%) and the range 

of linearity (ng/mL). 

Analyte CV (%) 
Obtained LOQ 

(ng/ml) 
Set LOQ (ng/ml) 

Linear range tested 

(ng/ml) 

PALBO 15.37 5.37 6.0 6 – 1000 

SUNI 12.44 0.97 1.0 1 – 380 

DST-

SUNI 
3.29 4.24 4.3 

4.3 – 450 

CABO 6.00 72.92 75 75 – 5000 

OLA 3.92 169.19 170 170 – 20000 

SORA 4.65 347.44 350 350 – 40000  

PAZO 2.05 1683.23 1700 1700 – 200000  

 

 

  



Table 5: Accuracy and precision results obtained with the 3 levels of control. 

Concentration 

(ng/mL) 

Within-run 

precision (%)  

(n = 10)  

Between-run 

precision (%)  

(n = 22) 

Within-run 

accuracy (%)  

(n = 10) 

Between-run 

accuracy (%)  

(n = 22) 

PALBO 

20 8.81 12.91 9.53 13.32 

80 9.36 9.95 0.45 7.48 

480 4.61 5.02 3.09 2.84 

SUNI 

7.63 3.65 5.03 -1.45 -3.18 

30.52 3.66 4.37 -11.38 -12.65 

183.12 2.68 2.12 -13.18 -13.57 

DST-SUNI 

9.10 4.57 5.42 1.73 2.64 

36.4 3.38 3.59 -10.5 -9.35 

218.4 3.87 6.68 -6.8 -11.8 

CABO 

200 2.03 3.75 2.49 1.84 

800 2.98 3.06 2.17 2.59 

4800 4.17 4.05 0.49 1.80 

OLA 

375 4.53 4.58 4.28 4.48 

1500 2.92 7.26 -6.36 -4.91 

9000 3.64 6.69 -3.77 1.46 

SORA 

750 4.57 7.10 5.40 4.13 

3000 3.48 4.83 -4.35 -1.60 

18000 3.92 4.55 2.74 -0.21 

PAZO 

3750 1.96 3.10 8.50 6.82 

15000 2.23 3.22 6.10 7.64 

90000 1.40 1.99 4.51 4.37 

 

 




