Absorption, Metabolism, Distribution and Excretion (ADME) and Absolute Bioavailability Assessment of Zongertinib in Healthy Male Volunteers
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SUPPLEMENTARY METHODS
1.1 | Treatments and administration
The unlabeled film-coated tablet formulation of zongertinib was manufactured by Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach, Germany. The oral solution of zongertinib (C-14), containing both radiolabeled [14C]zongertinib and unlabeled zongertinib, was manufactured by PRA Group B.V., Groningen, The Netherlands. The mixture of [14C]zongertinib and unlabeled zongertinib, as well as the intravenous (IV) solution prepared from this mixture (zongertinib (C-14)), were also manufactured by PRA Group B.V., Groningen, the Netherlands.
Healthy male subjects were enrolled according to the investigator’s assessment of overall health, including a complete medical history, physical examination, vital signs, 12-lead electrocardiogram (ECG), and clinical laboratory tests.
Exclusion criteria [1] included clinically relevant abnormalities in medical examinations or laboratory results or evidence of significant concurrent disease (as judged by the investigator), prior gastrointestinal surgery that could affect drug pharmacokinetics, history of orthostatic hypotension, relevant acute or chronic infections, history of relevant allergies or malignancies, current smoking, recent blood donation, or excessive physical activity. Concomitant therapy was not permitted, although symptomatic treatment for adverse events could be authorized by the investigator.
Furthermore, exclusion criteria included relevant neurological or psychiatric disorders; alcohol abuse (>24 units/week), a positive drug screen at screening or history of drug abuse, use of medications within 28 days that could affect trial results (including QT/QTc-prolonging drugs), participation in another clinical trial involving investigational drug administration within 60 days, and intake of dietary supplements (e.g., vitamins, minerals) within 8 days before dosing. Paracetamol and ibuprofen were permitted before and during the study. Participation in another ADME study with radiation exposure ≥0.1 mSv within the past year (applicable to both parts), diagnostic radiation exposure within the prior year (applicable to the ADME part, only), or inability to comply with the dietary restrictions (applicable to both parts) also led to exclusion. Grapefruit, Seville oranges, their juices, and products containing St. John’s wort were prohibited from 7 days before the first dose of zongertinib until completion of pharmacokinetic sampling. Subjects with female partners of childbearing potential (WOCBP) unwilling to use highly effective contraception from dosing until 90 days after administration were also excluded.
1.2 | Collection of blood samples and excreta
Blood samples for both ADME and absolute bioavailability (F) investigations were collected at pre-defined timepoints. Urinary and fecal samples (ADME investigation only) were collected continuously for the first 14 days post-dose and, if necessary, weekly for 24-hour intervals for pharmacokinetic, safety, and mass balance analysis. 
[bookmark: _Hlk178957605]In the ADME investigation, whole blood was sampled pre-dose and 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 72, 96, 120, 168, 216, 264, and 336 hours post-dose to analyze zongertinib plasma concentrations, total radioactivity in whole blood and plasma, and metabolite profiling and characterization in plasma (at selected timepoints: 0.5, 1, 2, 4, 8, 12, 24, 48, 96, and 168 hours). Urine samples were collected in containers at admission, pre-dose, and across 0–4, 4–8, 8–12 and 12–24-hour intervals, then every 24 hours up to 336 hours post-dose for analyses of zongertinib, total radioactivity, and for metabolite profiles. If needed, 24-hour collections were performed weekly starting on day 21. Fecal samples were collected predose (within 48 hours before dosing) and continuously over 24-hour intervals up to 336 hours post-dose at which time the participants left the trial center. Further 24-hour collections were performed weekly starting on day 21. Fecal sampling for total radioactivity assessment stopped once release criteria for radioactivity recovery were met (no earlier than day 15). Collections were also made on return visits to the trial center. Fecal homogenates were analyzed for total radioactivity and metabolites. Hematocrit was assessed pre-dose and 1-, 4-, 8-, and 24-hours post-dose.
In the F investigation, blood samples were taken pre-dose and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 72, 96, 120, and 168-hour post-dose to determine zongertinib plasma concentrations. Additional samples were drawn pre-dose, at 2 hours (prior to IV  infusion), 2:05, 2:10, 2:15, 2.5, 2.75, 3, 3.5, 4, 5, 6, 8, 10, 12, 24, 36, 48, 72-, 96-, 120- and 168-hours post–oral dose for analysis of [14C]zongertinib and total plasma radioactivity. 
Once collected, plasma samples were aliquoted and transferred to a freezer within 60 min and stored on ice at around −20°C in an upright position until analysis. Safety samples (hematology and clinical chemistry) were collected at screening, admission, and 24- and 120-hours post–oral dose as well as at end-of-trial examination.
Safety assessments
Participants were monitored on-site for 2 weeks (Part A) or 1 week (Part B) post-dose before discharge. Adverse events (AEs) were assessed continuously from screening until the final examination. All drug administrations were performed under the supervision of the investigator or a designated authorized person. 
1.3 | Bioanalytical methods 
Plasma and urine concentrations of unlabeled zongertinib were determined by Labcorp Laboratories Limited (Harrogate, UK) using validated liquid chromatography with tandem mass spectrometry (LC-MS/MS). The lower limit of quantification (LLQ) of zongertinib was 1 nmol/L in plasma and urine. The assay was validated for accuracy, precision and specificity.
In the ADME study, total [14C]-radioactivity in plasma, whole blood, urine, and feces was analyzed by ICON (Assen, Netherlands) using liquid scintillation counting (LSC) with [14C]-radioactivity concentrations expressed as [14C]zongertinib-equivalent (EQ). The LLOQ for [14C]-radioactivity was 50 dpm/mL (whole blood), 30 dpm/mL (plasma), 10 dpm/g (urine) and 40 dpm/g (feces). 
For the F study, following microtracer IV administration, total [14C] radioactivity in plasma was analyzed by TNO (Leiden, Netherlands) using accelerator mass spectrometry (AMS). The Plasma and urine concentrations of [14C]zongertinib were also determined by AMS. Values were converted from Bq/L to nmol/L to enable comparison between oral and IV doses.
1.4 | Determination of blood cell/plasma partitioning
Hematocrit and blood cell partitioning were determined pre-dose and at 1, 4-, 8-, 24-, and 120-hours post-dose in the ADME part. Hematocrit remined stable over time, averaging approximately 0.40. In vivo blood cell partitioning of [14C]-radioactivity was calculated using the formula:
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where Cbloodcells is the concentration of [14C]-radioactivity in blood cells, Cplasma is the concentration of [14C]-radioactivity in plasma, Cblood is the concentration of [14C]-radioactivity in whole blood and HC is hematocrit as a decimal (e.g. 0.42).



SUPPLEMENTARY TABLES
Supplementary Table S1 Baseline demographics and clinical characteristics of the study populations 
	Characteristic
	ADME investigation
	F investigation

	[bookmark: _Hlk98488393]Number subjects, n
	8
	7

	Age, years 
	27.8 ± 8.9
	29.3 ± 8.5

	Male, n (%)
	8 (100.0)
	7 (100.0)

	Race, n (%)
	
	

	White/Caucasian
	7 (88.0)
	7 (100.0)

	Mixed race 
	1 (13.0)
	0

	BMI, kg/m2
	23.8 ± 3.8
	22.7 ± 2.9

	Smoking history, n (%)
	
	

	Current smoker
	0
	0

	Past smoker
	2 (25.0)
	2 (28.6)

	Never smoked
	6 (75.0)
	5 (71.4)


Data are mean ± SD unless otherwise indicated. BMI, body mass index. 
1

Supplementary Table S2 Cmax and AUC ratios between zongertinib and total radioactivity ([14C]zongertinib-EQ) in plasma after single oral administration of 60 mg zongertinib (C-14) solution (ADME investigation)
	Analyte
	Ratio

	
	Cmax
	AUC0-24
	AUC0-tz
	AUC0-inf

	zongertinib/[14C]zongertinib-EQ
	0.804 (80.4)
	0.781 (78.1)
	0.595 (59.5)
	0.465 (46.5)


value is ratio (geometric CV %). AUC0-inf area under the concentration-time curve over the time interval from 0 to infinity,  AUC0-24 AUC over the time interval from 0 to 24 hours, AUC0-tz AUC over the time interval from 0 to the last quantifiable data point, Cmax maximum concentration, CV coefficient of variation. 







Supplementary Table S3 Blood cell to plasma concentration ratios of [14C]-radioactivity at specified times after oral administration of 60 mg zongertinib (C-14) solution in 8 individuals (ADME investigation)
	
	Blood cell-to-plasma concentration ratios

	Timepoint (h)
	1 h
	4 h
	8 h
	24 h
	120 h

	gMean (gCV, %)
	0.407 (45.8)
	0.413 (16.5)
	0.541 (16.9)
	1.06 (14.8)
	5.60 (12.0)


gCV geometric coefficient of variation, gMean geometric mean. 
























Supplementary Table S4 Whole blood to plasma concentration ratios of [14C]zongertinib-EQ at specified times after oral administration of 60 mg zongertinib (C-14) solution in 8 individuals (ADME investigation)
	Time point, h
	gMean (gCV, %)

	0.5
	0.934 (47.5)

	1
	0.767 (8.92)

	2
	0.746 (3.30)

	4
	0.757 (4.51)

	6
	0.802 (5.46)

	10
	0.828 (6.00)

	12
	0.879 (5.03)

	24
	1.03 (6.50)

	48
	1.54 (14.0)

	72
	2.07 (11.5)

	120
	2.91 (11.9)

	168
	3.31 (20.3)

	216
	3.84 (21.7)

	264
	3.79 (19.2)*


*N=6. gCV geometric coefficient of variation, gMean geometric mean. 




Supplementary Table S5 Frequency of subjects with on-treatment AEs (N (%))
	Characteristic
	ADME investigation
	F investigation

	Number subjects 
	8 (100)
	7 (100)

	Subjects with any AE
	7 (88)
	2 (29)

	Subjects with investigator defined drug-related AEs
	1 (13)
	1 (14)

	Subjects with AEs leading to discontinuation of trial drug
	0
	0

	Subjects with AEs of special interest
	0
	0

	Subjects with serious AEs
	0
	0

	Maximum CTCAE Grade
	
	

	Grade 1
	6 (75)
	2 (29)

	Grade 2
	1 (13)
	0

	Grade 3
	0
	0

	Grade 4
	0
	0

	Grade 5
	0
	0


Data are number (percentage). 
AE adverse event; BMI body mass index, CTCAE Common Terminology Criteria for Adverse Events 
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