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Supplementary Document
[bookmark: _Hlk120705412][bookmark: _Hlk120038321]Additional Details on Study A2116
The primary objective of the study was to determine the impact of various degrees of renal impairment (RI) on primary pharmacokinetic (PK) parameters of ribociclib. The secondary objectives were to determine the impact of various degrees of RI on the safety, efficacy, and secondary PK parameters of ribociclib and to evaluate PK of the metabolite LEQ803. 
The study was planned to enroll 6-8 subjects in the severe, moderate, and mild cohorts, and up to 8 subjects in the ESRD cohort. Up to 32 subjects with normal renal function could be enrolled in order to ensure each subject in an impaired cohort had a matching normal subject. Subjects were male or female (not of childbearing potential or postmenopausal), aged between 18 and 75 years. Other than RI, subjects were in good health as determined by past medical history, physical examination, vital signs, and electrocardiogram (ECG). Subjects with normal renal function had to be matched to at least one renally impaired subject by age (±10 years), sex, body mass index (±10%), and race and have an absolute glomerular filtration rate within normal range. Subjects with impaired renal function had to have documented stable renal disease without evidence of renal progressive disease, and screening and baseline blood pressure ranges from 90 to 165 mm Hg (systolic) and 60 to 110 mm Hg (diastolic).
No control or reference drug was used in the study. Ribociclib dose adjustments and/or interruptions were not permitted because this was a single-dose administration.
Serial blood samples were collected at scheduled time points over 14 days (predose, 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120, 144, 168, 216, 264, 312 h post dose) by either direct venipuncture or indwelling cannula. Blood samples (2 mL) were collected into tubes containing ethylenediaminetetraacetic acid on Days 1 to 8, 10, 12, and 14. Urine samples were collected during the specified sampling times on Days 1 to 7 (predose, 0-4, 4-8, 8-12, 12-24, 24-48, 48-72, 72-96, 96-120, and 120-144 h post dose). The concentrations of ribociclib and LEQ803 were measured using a validated liquid chromatography-tandem mass spectrometry method with a lower limit of quantification of 1.00 ng/mL as previously described [1], below which quantifications were reported as 0.00 ng/mL and treated as missing for the calculation of the geometric means and the geometric coefficient of variation percentages; missing samples were labeled accordingly.
Primary PK parameters for ribociclib and LEQ803 (a major circulating metabolite)[2] included maximum concentration after single dose or at steady state (Cmax), area under the curve (AUC) from time zero to the last measurable concentration (AUClast), AUC from time zero extrapolated to infinity (AUCinf), and time to reach maximum plasma concentration (Tmax); total body clearance of drug from the plasma (CL/F) was measured for ribociclib only. Secondary PK parameters for ribociclib and LEQ803 included elimination half-life (T1/2), smallest disposition rate constant (Lambda_z), and renal clearance (CLr); apparent volume of distribution during terminal phase (Vz/F) was measured for ribociclib only, and metabolic ratio (MR) was measured for LEQ803 only. Urine PK parameter for ribociclib and LEQ803 was the amount of unchanged compound (or metabolite) excreted into the urine from time 0 to a defined point in time (Ae0-t). PK parameters were derived by non-compartmental analysis (NCA) using Phoenix WinNonlinTM software V6.4 (Pharsight, Mountain
View, CA).
A linear model including cohort as a fixed effect was fit to log-transformed PK parameters for ribociclib. The mild, moderate, and severe RI cohorts were the test treatments and the normal cohort was the reference treatment. The ESRD cohort was not included in the model, since there were < 4 subjects in this cohort. Point estimates for the geometric mean ratio (GMR) and the corresponding 90% confidence intervals (CI) for the difference in mean values between each test and the reference treatment were calculated. This was anti‑logged to obtain the point estimates and 90% CIs for the ratio of the geometric means on the original scale. Safety assessments consisted of collecting and monitoring all adverse events (AEs) and serious AEs. Regular monitoring of pregnancies, hematology, blood chemistry, urinalysis, ECGs, vital signs, and physical examination were performed.
The full analysis set and safety set consisted of all subjects who received ribociclib. The PK analysis set consisted of all subjects who received ribociclib and had yielded an evaluable PK profile and was used for the statistical analysis of ribociclib and LEQ803 PK parameters. Subjects were analyzed according to their renal cohort.
The study protocol and all amendments were reviewed by the Independent Ethics Committee or Institutional Review Board for each center. The study was conducted according to the ethical principles of the Declaration of Helsinki. Informed consent was obtained from each subject. This study was conducted in accordance with the FDA Guidance for Industry on PK in patients with impaired renal function [3] and with the EMA guidance on the evaluation of the PK of medicinal products in patients with decreased renal function [4].
Patient subgroup PK analysis of X2101, X2107 and MONALEESA-7
[bookmark: _Hlk107919432]PK parameters were derived by NCA using Phoenix WinNonlinTM software V6.4. A linear model including the renal group at baseline, age group (<65 or ≥65 years; X2101 and X2107 only), sex (X2101 only), and weight as fixed effects were fitted to the log-transformed PK parameters for ribociclib. Point estimates and the corresponding 90% CIs for the difference of means between test (RI) and reference (normal renal function) were calculated. These were anti‑logged to obtain the geometric mean ratios (GMR) and 90% CIs of test versus reference on the original scale.


Tables
Table S1 Statistical analysis of ribociclib PK parameters by renal function in 
non-cancer subjects in study A2116 following a single oral 400 mg dose of ribociclib (Part I)
	Parameter (unit)
	Renal function
	na
	Adjusted geo-mean
	Comparison(s)
	GMR (90% CI)

	Cmax (ng/mL)
	Normal
	7
	356
	
	

	
	Severe
	7
	538
	Severe/normal
	1.51 (1.12–2.03)

	AUClast (h*ng/mL)
	Normal
	7
	5500
	
	

	
	Severe
	7
	10800
	Severe/normal
	1.96 (1.47–2.63)

	AUCinf (h*ng/mL)
	Normal
	7
	5570
	
	

	
	Severe
	7
	10900
	Severe/normal
	1.96 (1.47–2.63)

	CL/F (L/h)
	Normal
	7
	71.8
	
	

	
	Severe
	7
	36.6
	Severe/normal
	0.509 (0.381–0.681) 

	Tmax (h)b
	Normal
	7
	2.00
	
	

	
	Severe
	7
	2.00
	Severe/normal
	0.00


PK parameters were derived by NCA. Model is a linear model of the log-transformed PK parameters. Included in the model was renal cohort as a fixed effect. Results were back transformed to get adjusted geometric mean, GMR, and 90% CI. 
AUC, area under the curve; AUClast, AUC from time zero to the last measurable concentration; AUCinf, AUC from time zero to infinity; CI, confidence interval; CL/F, total body clearance of drug from the plasma; Cmax, maximum observed plasma drug concentration; GMR, geometric mean ratio; NCA, non-compartmental analysis; PK, pharmacokinetics; Tmax, time to reach maximum (peak) plasma drug concentration. 
an = number of observations used for analysis.
bFor Tmax, median is presented under “Adjusted geo-mean”, and the difference of medians is presented under “GMR”.

Table S2 Study A2116 subject demographics and baseline characteristics by renal function cohort (Part I and II)
	
	Normal renal function
	Mild renal impairment
	Moderate renal impairment
	Severe renal impairment
	ESRD
	All subjects

	Demographic variable
	n = 14
	n = 8
	n = 6
	n = 7
	n = 3
	N = 38

	Age (years)
	
	
	
	
	

		Mean (SD)
	57.9 (9.38)
	65.8 (5.65)
	65.0 (7.04)
	53.1 (9.74)
	63.0 (4.36)
	60.2 (9.08)

		Median
	60.5
	67.5
	66.5
	56.0
	65.0
	61.0

		Min-max
	38–67
	56–73
	54–74
	36–66
	58–66
	36–74

	Age category, n (%)
	
	
	
	
	

		18 to < 65 years
	9 (64.3)
	2 (25.0)
	2 (33.3)
	6 (85.7)
	1 (33.3)
	20 (52.6)

		65 to < 85 years 
	5 (35.7)
	6 (75.0)
	4 (66.7)
	1 (14.3)
	2 (66.7)
	18 (47.4)

	Sex, n (%)
	
	
	
	
	

		Female
	6 (42.9)
	4 (50.0)
	5 (83.3)
	2 (28.6)
	2 (66.7)
	19 (50.0)

		Male
	8 (57.1)
	4 (50.0)
	1 (16.7)
	5 (71.4)
	1 (33.3)
	19 (50.0)

	Race, n (%)
	
	
	
	

		White
	13 (92.9)
	7 (87.5)
	6 (100.0)
	7 (100.0)
	3 (100.0)
	36 (94.7)

		Black or African
	1 (7.1)
	1 (12.5)
	0
	0
	0
	2 (5.3)

		American
	
	
	
	
	
	

	Weight (kg)
	
	
	
	
	

		Mean (SD)
	80.5 (16.8)
	73.8 (14.1)
	71.4 (10.6)
	84.5 (20.1)
	72.9 (20.0)
	77.8 (16.2)

		Median
	74.1
	73.6
	68.6
	77.0
	79.1
	74.1

		Min-max
	57.9–113.0
	54.5–103.0
	61.2–89.8
	64.2–112.0
	50.5–89.0
	50.5–113.0

	Body mass index (kg/m2)
	
	
	
	

		Mean (SD)
	26.9 (4.82)
	26.9 (4.18)
	26.83 (4.2)
	27.84 (6.3)
	26.81 (5.8)
	27.07 (4.7)

		Median
	25.5
	27.2
	25.8
	26.6
	27.4
	25.9

		Min-max
	20.8–35.7
	21.9–34.1
	23.6–35.1
	19.9–37.7
	20.8–32.3
	19.9–37.7


ESRD, end-stage renal disease; SD, standard deviation.



Table S3 Primary, secondary, and urine PK parameters for ribociclib by renal cohort in subjects following a single oral dose of ribociclib at 400 mg in study A2116 (Part I and II)
	Parameter
	Statistics
	Normal renal function
	Mild renal impairment
	Moderate renal impairment
	Severe renal impairment
	ESRD

	
	
	N = 14
	N = 8
	N = 6
	N = 7
	N = 3

	Cmax (ng/mL)
	Geo-mean
	234
	421
	419
	538
	593

	
	Geo-CV%
	58.5
	31.6
	30.3
	43.3
	11.3

	AUClast (ng*hr/mL)
	Geo-mean
	4,030
	6,560
	7,860
	10,800
	13,500

	
	Geo-CV%
	54.0
	37.1
	46.1
	38.1
	20.8

	AUCinf (ng*hr/mL)
	Geo-mean
	4,100
	6,650
	7,960
	10,900
	13,600

	
	Geo-CV%
	53.2
	36.4
	45.8
	38.1
	20.9

	CL/F (L/hr)
	Geo-mean
	97.6
	60.1
	50.2
	36.6
	29.4

	
	Geo-CV%
	53.2
	36.4
	45.8
	38.1
	20.9

	Tmax (hr)
	Median
	2.00
	2.00
	2.48
	2.00
	2.98

	
	Min-max
	0.917–6.05
	1.00–3.93
	0.983–6.02
	0.967–3.00
	2.00–4.03

	T1/2 (hr)
	Geo-mean
	36.0
	40.9
	50.2
	56.2
	54.2

	
	Geo-CV%
	22.6
	20.3
	22.6
	30.0
	23.7

	CLr (L/hr)
	Geo-mean
	5.08
	3.13
	2.58
	1.12
	0.634

	
	Geo-CV%
	37.1
	35.4
	53.9
	34.3
	28.9

	Vz/F (L)
	Geo-mean
	5,070
	3,550
	3,640
	2,970
	2,300

	
	Geo-CV%
	39.7
	35.0
	37.9
	34.8
	14.2

	Ae0-144h (mg)
	Geo-mean
	20.2
	19.9
	19.3
	11.4
	8.11

	
	Geo-CV%
	61.6
	28.6
	38.2
	30.6
	19.2


n = number of subjects with corresponding evaluable PK parameters.
Ae0-144h; amount of unchanged compound (or metabolite) excreted into the urine from time 0 to a defined point in time; AUC, area under the curve; AUClast, AUC from time zero to the last measurable concentration; AUCinf, AUC from time zero to infinity; Cmax, maximum observed plasma drug concentration; CL/F, apparent systemic clearance of drug from plasma; CLr, renal clearance; CV%, coefficient of variation percentage; ESRD, end stage renal disease; Geo, geometric; PK, pharmacokinetics; T1/2, elimination half-life; Tmax, time to reach maximum (peak) plasma drug concentration; Vz/F, apparent volume of distribution during terminal phase.

Table S4 Primary, secondary, and urine PK parameters for LEQ803 by renal cohort in subjects following a single oral dose of ribociclib at 400 mg in study A2116 (Part I and II)
	Parameter
	Statistics
	Normal renal function
	Mild renal impairment
	Moderate renal impairment
	Severe renal impairment
	ESRD

	
	
	N = 14
	N = 8
	N = 6
	N = 7
	N = 3

	Cmax (ng/mL)
	Geo-mean
	38.6
	47.5
	46.5
	37.0
	42.4

	
	Geo-CV%
	38.9
	29.9
	35.5
	38.0
	58.6

	AUClast (ng*hr/mL)
	Geo-mean
	1,130
	1,490
	1,660
	2,010
	2,180

	
	Geo-CV%
	40.2
	37.5
	33.5
	27.8
	58.9

	AUCinf (ng*hr/mL)
	Geo-mean
	1,220
	1,610
	1,790
	2,190
	2,370

	
	Geo-CV%
	38.9
	35.7
	32.7
	25.9
	58.4

	Tmax (hr)
	Median
	3.49
	2.50
	3.00
	3.05
	6.03

	
	Min-max
	0.917–6.00
	1.95–3.93
	1.95–6.02
	2.00–6.02
	3.97–8.02

	T1/2 (hr)
	Geo-mean
	50.6
	59.7
	66.7
	78.0
	86.7

	
	Geo-CV%
	24.1
	21.2
	21.3
	31.9
	11.9

	CLr (L/hr)
	Geo-mean
	7.97
	5.65
	4.84
	1.98
	1.18

	
	Geo-CV%
	33.4
	32.8
	48.8
	29.1
	18.8

	MR
	Geo-mean
	0.307
	0.250
	0.232
	0.207
	0.180

	
	Geo-CV%
	49.3
	36.2
	35.6
	38.7
	76.8

	Ae0-144h (mg)
	Geo-mean
	8.55
	7.63
	6.97
	3.30
	2.14

	
	Geo-CV%
	49.0
	46.3
	53.6
	31.2
	64.1


n = number of subjects with corresponding evaluable PK parameters.
Ae0-144h; amount of unchanged compound (or metabolite) excreted into the urine from time 0 to a defined point in time; AUC, area under the curve; AUClast, AUC from time zero to the last measurable concentration; AUCinf, AUC from time zero to infinity; Cmax, maximum observed plasma drug concentration; CL/F, apparent systemic clearance of drug from plasma; CLr, renal clearance; CV%, coefficient of variation percentage; ESRD, end stage renal disease; Geo, geometric; Lambda_z, smallest disposition rate constant; MR, median metabolic ratio; PAS, pharmacokinetics analysis set; PK, pharmacokinetics; SD, standard deviation; T1/2, elimination half-life; Tmax, time to reach maximum (peak) plasma drug concentration; Vz/F, apparent volume of distribution during terminal phase.

[bookmark: _hd6_Table_0_4_Simulated_co27328]Table S5 Simulated covariate effect of eGFR on steady-state Cmax and AUC24h of ribociclib in a reference patient
	eGFR test value
	Cmaxss
	AUCss

	eGFR 140 (approximately 97.5th percentile in the analysis dataset) vs. 90 mL/min/1.73m2 (reference)
	0.96
	0.93

	eGFR 45 (approximately 2.5th percentile in the analysis dataset) vs. 90 mL/min/1.73m2 (reference)
	1.06
	1.11


AUC, area under the curve; Cmax, maximum concentration after single dose or at steady state; eGFR, estimated glomerular filtration rate.

Table S6 Summary of studies included and analyses conducted to evaluate effect of renal function on ribociclib PK
	
	Subject PK analysis
	Patient PK analysis

	Studies
	Study A2116
	Studies
X2101, X1101, X2107, MONALEESA-2, MONALEESA-7, and MONALEESA-3
	Studies
X2101, X2107, MONALEESA-7

	Analysis
	NCA and statistical analysis by renal function
	PopPK analysis: covariate analysis of renal function of the pooled data
	Subgroup PK analysis: NCA and statistical analysis by renal function of each individual study 

	Population
	Non-cancer subjects
	Cancer patients
	Cancer patients

	Dose and frequency
	400 mg, single dose
	50-1200 mg, multiple dose
	600 mg, multiple dose

	Sample size by renal function
	Normal
n = 14
	Normal
n = 438
	Normal
SD = 45a
SS = 70a

	
	Mild
n = 8
	Mild
n = 488
	Mild
SD = 43b
SS = 41b

	
	Moderate
n = 6
	Moderate
n = 113
	Moderate
SD = 13c
SS = 7c

	
	Severe
n = 7
	
	


aStudy X2101: SD (n = 27), SS (n = 24); Study X2107: SD (n = 18), SS (n = 9); Study MONALEESA-7: SD (n = NA), SS (n = 37);
bStudy X2101:SD (n = 28), SS (n = 23); Study X2107: SD (n = 15), SS (n = 10); Study MONALEESA-7: SD (n = NA), SS (n = 8);
cStudy X2101:SD (n = 13), SS (n = 7); Study X2107: SD (n = NA), SS (n = NA); Study MONALEESA-7: SD (n = NA), SS (n = NA).
Cmax, maximum concentration after single dose or at steady state; Ctrough, trough concentration at steady state; NA, not available; NCA, non-compartmental analysis; PK, pharmacokinetic; SD, single dose; SS, steady state.


Figures
Fig. S1 A2116 study design. Part I of the study enrolled subjects with normal renal function, severe RI, or ESRD. An interim PK analysis was conducted when subjects in the severe RI and normal renal function cohorts completed the study. Part II of the study was opened to subjects with mild/moderate RI based on the results of Part I (significant clinical effect [> 50% increase in the AUCinf of ribociclib] in subjects with severe RI compared with subjects with normal renal function). The study included a screening period of up to 21 days prior to dosing where baseline evaluations were performed, and an evaluation period of 14 days after a single dose of ribociclib was given on Day 1
[image: C:\Users\muddabh1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\16652022_FigS1.jpg]
AUCinf, area under the curve from time zero to infinity; ESRD, end-stage renal disease; 
PK, pharmacokinetics; RI, renal impairment.
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