Additional information for online appendix

Population PK

Appendix Table 1 Covariates selected during the different steps of the covariate analysis



	
	Covariate tested in NONMEM
	Indicated by graphical analysis
	Indicated by GAM
	Special interest
	Finally selected by forward inclusion/backward elimination approach NONMEM

	F
	Age
	
	X
	X
	

	
	Dose group
	
	X
	
	

	
	Height1
	
	X
	
	

	
	Weight
	
	
	X
	X

	
	Sex
	
	
	X
	

	
	Study 4/Metformin comedication2
	
	
	
	X

	CL/F
	Age
	
	X
	X
	

	
	Dose group
	
	X
	
	

	
	ALT
	
	X
	X
	

	
	TG
	
	X
	
	

	
	CLCR
	
	X
	X
	

	
	Study 4/Metformin comedication
	
	
	
	

	
	GGT
	
	X
	X
	X3

	
	CRP
	
	X
	
	

	
	Alkaline phosphatase
	
	X
	
	

	
	Weight
	
	
	X
	

	
	Sex
	
	
	X
	

	Ka
	Study/Formulation 
	X
	
	
	X

	
	Dose group
	
	X
	
	X

	
	Body surface area
	
	X
	
	

	
	Age
	
	
	X
	

	
	Weight
	
	
	X
	

	
	Sex
	
	
	X
	

	Bmax,C
	Pre-dose DPP-4 activity 
	X
	X
	
	X

	
	Dose group
	
	X
	
	X

	
	Age
	
	X
	X
	X

	
	AST
	
	X
	
	

	
	TG
	
	X
	
	

	
	Alkaline phosphatase
	
	X
	
	

	
	CRP
	
	X
	
	

	
	Study 4/Metformin comedication
	
	X
	
	

	
	Serum creatinine
	
	X
	
	

	
	Weight
	
	
	X
	

	
	Sex
	
	
	X
	X3

	VC/F
	CLCR
	
	X
	
	

	
	Age
	
	
	X
	

	
	Weight
	
	
	X
	

	
	Sex
	
	
	X
	



1) Not further tested, highly correlated to weight, weight resulted in a higher drop in OBJF and was
physiologically more plausible
2) Selected during base model development
3) During the backward elimination process, the impact of GGT on clearance, and the impact of sex on the concentration of the binding partner in the central compartment (Bmax,C) did not reach a statistically significant level. Nevertheless, these covariates were retained in the model, as the corresponding runs did not converge adequately and, therefore, could not be accepted as final models



Appendix Fig. 1 Goodness-of-fit plots for the final population PK model
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Appendix Fig. 2 Visual predictive checks for steady-state profiles of linagliptin for studies 3 and 4 (base model). 
The visual predictive checks show that most of the observed data fell within the 90% prediction interval (shown by the upper and lower solid lines), and were equally distributed around the median of 1,000 simulated PK profiles per dose group and study (central line)
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Appendix Fig. 3 Posterior predictive checks of the final population PK model
Posterior predictive checks showing the simulated distributions of the median Ctrough and Cmax levels at steady-state per dose group. The observed median Ctrough and Cmax levels per dose group are well described and lie within the 90% confidence interval. The only exceptions were the Cmax values of the lowest (0.5 mg) and highest (10 mg) dose groups, which were slightly outside these limits. During the posterior predictive check 1,000 new datasets were simulated in NONMEM, with the same number of patients, covariates, dosing history and sampling schedule as the original dataset, based on the final model. In the posterior predictive checks the inter-individual, intra-individual, and residual variabilities of the model were taken into account.

Appendix Fig. 3A Posterior predictive checks of the final population PK model: distribution of median Ctrough levels 
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Appendix Figure 3B: Posterior predictive checks of the final population PK model: distribution of median Cmax levels

[image: C:\Users\edwardsjennifer\Documents\JE Work folder\Linagliptin\Linagliptin manuscripts\Lina PK manuscript\Revisions after peer review\Figure revisions\Appendix Figure 3B.tif]


Population PK/PD study

Appendix Table 2 Covariates selected during the different steps of the covariate analysis



	
	Covariates tested in NONMEM
	Indicated by graphical analysis
	Indicated by GAM
	Finally selected by forward inclusion/backward elimination procedure in NONMEM

	BSL
	FPG
	X
	X
	X

	
	ALT
	X
	X
	X

	
	AST
	X
	X
	

	
	GGT
	X
	X
	X

	
	Cholesterol
	X
	X
	X

	
	Creatine kinase
	
	X
	

	
	CRP
	
	X
	

	
	Triglycerides
	
	X
	X

	
	Sex
	X
	X
	X

	
	Alcohol status
	X
	
	

	
	Study
	X
	X
	

	
	Dose group
	
	X
	

	
	Ethnic origin
	X
	X
	

	EC50
	FPG
	X
	X
	

	
	ALT
	X
	X
	

	
	AST
	X
	X
	

	
	Alkaline phosphatase
	X
	
	

	
	GGT
	X
	X
	

	
	Dose group
	X
	X
	

	
	Study
	X
	X
	

	
	Age
	
	X
	

	
	Serum creatinine
	
	X
	

	
	TG
	
	X
	X



Inter-study differences were observed in baseline DPP-4 activity and in EC50. These differences could not be explained by any of the tested covariates, and were not regarded to be relevant and thus were not included in the final model 
ALT and AST both significantly improved the description of linagliptin plasma concentrations when implemented on the baseline DPP-4 activity. However, as both liver enzymes were highly correlated, and the covariate effect of AST was only estimated imprecisely (RSE 69.1%), only ALT was included into the final model
Asian ethnicity was excluded from the final model as a covariate on baseline DPP-4 activity because of the small sample size (11 patients, <2% of the population). However, for these few patients a significantly higher baseline DPP-4 activity of 13,200 RFU was estimated compared with10,600 RFU of the residual population
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Population PK/PD analysis
Appendix Table 3 Observed median steady-state plasma DPP-4 inhibition 2 h (±1 h) and 24 h (±4 h) after linagliptin administration per dose group, compared with the median predicted DPP-4 inhibition of 1,000 simulated datasets

	
	Placebo
	Linagliptin
0.5 mg
	Linagliptin
1.0 mg
	Linagliptin 
2.5 mg
	Linagliptin 
5.0 mg
	Linagliptin 
10.0 mg

	2 h (±1 h) after linagliptin administration

	N
	631
	185
	322
	350
	567
	414

	Median observed (%)
	4.909
	55.61
	82.40
	88.84
	91.34
	92.82

	Median predicted (%)
	0.018
	54.64
	80.92
	86.09
	90.82
	91.79

	5th and 95th percentile predicted
	–1.15, 1.25
	49.51, 59.75
	78.87, 82.61
	84.96, 87.04
	90.62, 91.00
	91.64, 91.93

	Predicted – observed
	–4.89
	–0.97
	–1.48
	–2.75
	–0.52
	–1.03

	24 h (±4 h) after linagliptin administration

	N
	482
	121
	216
	336
	421
	341

	Median observed (%)
	1.93
	42.43
	59.96
	77.04
	84.82
	89.51

	Median predicted (%)
	–0.04
	38.53
	60.53
	71.99
	81.48
	87.42

	5th and 95th percentile predicted
	–1.47, 1.33
	33.57, 43.95
	56.57, 64.27
	68.92, 74.74
	79.98, 82.80
	86.58, 88.16

	Predicted – observed
	–1.97
	–3.90
	0.57
	–5.05
	–3.34
	[bookmark: _GoBack]–2.09




Appendix Fig 4 Goodness-of-fit plots for the final PK/PD model
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