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Simulation-based interpretation of therapeutically monitored cabozantinib plasma concentrations in advanced adrenocortical carcinoma with hemodialysis
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SUPPLEMENTARY MATERIALS AND METHODS
Preparation of Stock Solutions, Calibrators, and Quality Controls
Stock solutions were prepared by dissolving CAB malate in DMSO and CAB-d4 in ACN to final concentrations equivalent to 1 mg/mL free base. The working stock solution was prepared by diluting the stock solution in DMSO (1:5). The working stock solution was spiked into human plasma to obtain the highest calibrator (CR) and quality control (QC) levels. Ten CRs with final concentrations of 1000 ng/mL, 840 ng/mL, 600 ng/mL, 500 ng/mL, 340 ng/mL, 180 ng/mL, 90 ng/mL, 45 ng/mL, 18 ng/mL, and 6 ng/mL and five QC levels of 740 ng/mL QC high (QC H), 440 ng/mL QC medium (QC M), 54 ng/mL QC intermediate (QC I), 18 ng/mL QC low (QC L), and 6 ng/mL QC LLOQ were prepared by serial dilution. The CR and QC samples were prepared from independent stock solutions and stored at -80 °C until analysis.

Method validation
The method was validated according to the FDA and EMA guidelines for bioanalytical method validation. Linearity was evaluated for the calibration range (6–1000 ng/mL) by the analysis of ten CR levels in three independent runs. The calibration curves were linearly fitted with a weighting of 1/conc2 for the quantification of CAB plasma levels. According to the guidelines, at least 75% of the CR should be within ±15% of the nominal concentration (± 20% at LLOQ). Human blank plasma obtained from six individuals was analyzed for interference. The extent of carryover was evaluated by injecting drug-free plasma after a ULOQ sample (upper limit of quantification, 1000 ng/mL). For both validation parameters, selectivity and carryover, the CAB response in blank samples should not exceed 20% of the LLOQ and the IS response should not exceed 5% of the average IS signal. Sensitivity was evaluated using the analyte response at the LLOQ, which should be at least a five-fold response to the zero CR. Intra-day and inter-day accuracy and precision (A&P) were assessed on three consecutive days by analyzing a set of ten CR and QC samples (QC H, QC M, QC I, QC L, QC LLOQ) with five replicates each. The acceptance criteria for the measured concentrations were ±15% of the nominal concentrations for QC H, QC M, QC I, and QC L and ±20% for QC LLOQ. The coefficient of variance (CV) should be ≤15% for all QC levels (≤ 20% at LLOQ). Analysis of variance (ANOVA) was used to compare the individual validation runs. The matrix effect of the hemolytic, icteric, and lipemic (H/I/L) plasma samples on accuracy and precision was evaluated for QC H and QC L on five individual replicates (no further specification of hemolytic, icteric, or lipemic conditions). Six individual sources of human blank plasma were used to determine the recovery and matrix effects. Plasma was spiked with CAB and CAB-d4 before and after extraction (QC, QC, and QC). The same amount of analyte and IS were prepared in a precipitation solvent (MeOH/ACN, 1:1, v/v) and spiked with water as a neat solvent. Recovery was calculated as the ratio of the IS-corrected analyte area in the extracted plasma samples versus the IS-corrected analyte area in the blank samples spiked after extraction. For matrix effects, the IS-normalized matrix factor (MF) was calculated for the analyte and the IS for the ratio of the peak area in the plasma samples spiked after extraction compared to the peak area in the neat solution. Dilution integrity was evaluated to demonstrate the suitability of the method for amounts above the ULOQ. Plasma was spiked with CAB working stock solution to achieve a final concentration of 1500 ng/mL (QC D). Before extraction, the QC samples were diluted with a blank matrix (1:1, v/v). As acceptance criteria, the accuracy and precision should be within ±15% of the nominal concentration. CAB stock solution stability was determined after six months of storage in DMSO at -80°C. Spiked plasma samples were prepared and stored at two levels: QC H (740 ng/mL) and QC L (18 ng/mL) and evaluated for bench-top, autosampler (2-8°C), freeze-thaw, and long-term stability. The QC samples for bench-top stability were extracted and analyzed after 24 hours of storage at room temperature and light exposure, whereas the QC samples for autosampler stability were extracted and stored for 24 h at 4 °C without light exposure before analysis. Freeze-thaw samples were frozen at -20°C for a minimum of 12 h, followed by thawing at room temperature. After four freeze-thaw cycles, the samples were extracted and analyzed. The QC H and QC L samples were stored at ‑80°C for three months to determine their long-term stability. For every stability run, the samples were compared to freshly prepared QC samples. Inter-laboratory accuracy was evaluated by cross-validating three different plasma samples obtained from patients receiving CAB treatment as well as four QC samples (Radboud University, Nijmegen, Netherlands).

SUPPLEMENTARY RESULTS
Method validation
The correlation coefficients for the calibration curves were >0.995 (n=5) and the back-calculated concentrations were within 15% of the nominal concentration for all CRs. Analyte-free plasma showed no relevant interference as the analyte area of the blank samples was found to be 4.9% of the LLOQ and 0.4% of the IS, based on the average IS response. The carryover signal did not exceed 20% of the LLOQ response. The mean IS response for the carryover samples was 0.8% of the average IS response during the corresponding analytical runs. The mean CAB signal for the LLOQ was a 16-fold response (n=5) compared with the zero CR and at least six times the response in every run. The accuracy and precision results for all five QC levels are listed in Table S3. The intra-day accuracy ranged from 95.2% to 106.7% (CV ≤ 9.1%). The inter-day CV ranged from 4.4% to 9.7%, with no significant impact on the inter-day accuracy determined using ANOVA. The accuracy and precision of the H/I/L plasma samples was 15%. The recovery and IS-normalized MFs were consistent and reproducible (Table S4). Dilution integrity was demonstrated for a dilution factor of 1.5-fold ULOQ (1500 ng/mL) using the mean accuracy of the QC D samples of 105.3% (CV 6.6%). As the plasma samples were prepared from different stock solutions, two independent stock solutions were analyzed after six months of storage at -80 °C. The means of the concentrations of the stock solutions and the nominal concentrations were 88.5% and 87.7%, respectively. The data for bench-top, autosampler, freeze-thaw, and long-term stability met the guideline requirements (Table S3). The results for the inter-laboratory cross-validation are shown in Table S5.


Tables
Table S1: LC gradient elution scheme
	Step
	Time [min]
	Flow rate [µL/min]
	Mobile Phase A [%]
	Mobile Phase B [%]
	Valve position

	
0
	
0.00
	
400
	
90.0
	
10.0
	
to waste

	1
	2.00
	400
	90.0
	10.0
	

	2
	2.10
	400
	60.0
	40.0
	to MS

	3
	2.20
	400
	60.0
	40.0
	

	4
	5.75
	400
	25.0
	75.0
	

	5
	6.50
	400
	25.0
	75.0
	to waste

	6
	6.75
	400
	90.0
	10.0
	

	7
	7.50
	400
	90.0
	10.0

	



Table S2: Concomitant medication during CAB therapy 
	Drug substance
	
	Dose
	
	Application scheme

	
Amlodipine

	
	
5 mg
	
	
1-0-1

	Calcitriol

	
	0.25 µg
	
	1-0-1

	Carvedilol

	
	25 mg
	
	1-0-0-1

	Clonidine
	
	250 µg

	
	0-0-0-1

	Metyrapone

	
	250 mg
	
	2-2-2

	Moxonidine

	
	0.4 mg
	
	0-0-1

	Paracetamol

	
	500 mg
	
	1-1-1

	Pregabalin

	
	25 mg
	
	0-0-1

	Ramipril

	
	2.5 mg
	
	1-0-0

	Sevelamer hydrochloride

	
	800 mg
	
	1-1-1

	Torasemide

	
	100 mg
	
	1-1-0

	Urapidil

	
	60 mg
	
	1-1-1





Table S3: Validation results for accuracy and precision, stability, and effect of hemolytic, icteric or lipemic plasma samples
	Validation
parameter
	Nominal concentration or
Specification
	Level
	Accuracy (%)
	Precision (CV, %)

	A&P
Intra-day (n=5)
	
6 ng/mL
	
QC LLOQ
	
95.2
	
6.5

	
	18 ng/mL
	QC L
	106.7
	7.8

	
	54 ng/mL
	QC I
	101.8
	5.7

	
	440 ng/mL
	QC M
	103.7
	9.1

	
	740 ng/mL
	QC H
	103.0
	1.8

	
	
	
	
	

	A&P
Inter-day (n=3)
	6 ng/mL
	QC LLOQ
	107.5
	9.7

	
	18 ng/mL
	QC L
	107.5
	9.1

	
	54 ng/mL
	QC I
	107.1
	6.1

	
	440 ng/mL
	QC M
	106.6
	6.8

	
	740 ng/mL
	QC H
	108.1
	4.4

	
	
	
	
	

	Bench-top stability
	24 h room
temperature 
	QC L
	99.9
	4.8

	
	
	QC H
	99.9
	3.9

	Autosampler stability
	4°C, 24 h
	QC L
	101.1
	4.7

	
	
	QC H
	101.3
	6.8

	Freeze-thaw stability
	-20°C / room temperature
	QC L
	101.1
	2.5

	
	
	QC H
	97.3
	3.7

	Long-term stability
	-80°C, 3 months
	QC L
	104.6
	2.8

	
	
	QC H
	105.4
	2.3

	
	
	
	
	

	H/I/L samples
	hemolytic
	QC L
	107.2
	4.6

	
	
	QC H
	106.0
	3.2

	H/I/L samples
	icteric
	QC L
	102.3
	4.8

	
	
	QC H
	108.6
	1.9

	H/I/L samples

	lipemic

	QC L
	106.0
	3.5

	
	
	QC H

	107.7

	6.8




Table S4: Validation results for matrix effect and recovery
	Validation parameter
	Level
	
	IS-normalized MF
	Precision (CV, %)

	
Matrix effect
	
QC L
	
	
1.01
	
5.5

	
	QC M
	
	1.08
	11.0

	
	QC H
	
	1.10
	10.6

	
	
	
	
Recovery (%)
	
Precision (CV, %)

	
Recovery

	
QC L
	
	
94.5
	
6.1

	
	QC M
	
	86.4
	8.5

	
	QC H

	
	87.1

	4.7






Table S5: Cross-validation results
	Cross-validation
	Radboud University (µg/mL)
	University Hospital Würzburg (µg/mL)
	Deviation (%)

	
QC XL
	
0.30
	
0.26
	
86.7

	QC L
	1.50
	1.28
	85.3

	QC M
	2.00
	1.65
	82.5

	QC H
	3.76
	3.45
	91.8

	
	
	
	

	CAB Sample 1
	2.44
	2.14
	87.7

	CAB Sample 2
	0.82
	0.71
	86.6

	CAB Sample 3

	0.34
	0.30
	88.2



Table S6: MAP calculation of individual PK parameters including measured plasma CAB concentrations compared to simulated values based on population data
	
	Individual parameters
	Reference collective parameters

	
CL [L/h]

	
7.71
	
2.41

	VC [L]

	316.06
	161.20

	F1 [%]

	63.11
	69.80

	KA [1/h]

	3.21
	0.76
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