ELECTRONIC SUPPLIMENTARY MATRIALS

TITLE
[bookmark: _Hlk77080667]Modelling of lung cancer therapy; modelled and real-world impact of targeted therapy and immunotherapy in the Netherlands

[bookmark: _Hlk77086066][bookmark: _Hlk77080855]AUTHORS
Zakile A. Mfumbilwa,1 (ORCID: https://orcid.org/0000-0002-9705-7227 )
Janneke A. Wilschut,1,2 (ORCID: https://orcid.org/0000-0002-4921-227X )
Martijn J.H.G. Simons,3,4 (ORCID: https://orcid.org/0000-0001-5248-1676 )
Bram Ramaekers,3,4 (ORCID: https://orcid.org/0000-0001-5785-9228 )
Manuela Joore,3,4 (ORCID: https://orcid.org/0000-0002-5649-6768 )
Valesca Retel,5 (ORCID: https://orcid.org/0000-0002-5624-3234 )
[bookmark: _Hlk75178200]Christine M. Cramer-van der Welle,6 
[bookmark: _Hlk75178254]Franz M.N.H. Schramel,6 
[bookmark: _Hlk75178426]Ewoudt M.W. van de Garde,7,8 and 
Veerle M.H. Coupé 1* (ORCID: https://orcid.org/0000-0002-9553-9791 )

[bookmark: _Hlk77086099]AUTHOR AFFILIATION 
1 Department of Epidemiology and Data Science, Amsterdam Public Health, Amsterdam UMC, Vrije Universiteit Amsterdam, de Boelelaan 1117, Amsterdam, the Netherlands.
2 Dutch Institute for Clinical Auditing, Leiden, the Netherlands.
3 Department of Clinical Epidemiology and Medical Technology Assessment, Maastricht University Medical Centre+, Maastricht, the Netherlands.
4 Maastricht university, Care And Public Health Research Institute (CAPHRI), Maastricht, the Netherlands.
5 Department of Health technology and Services research, University of Twente, Enschede, the Netherlands.
6 Santeon Hospital Group, Santeon, Herculesplein 38, 3584 AA Utrecht, The Netherlands.
7 Division of Pharmacoepidemiology and Clinical Pharmacology, Department of Pharmaceutical Sciences, Utrecht University, Utrecht, the Netherlands
8 Department of Clinical Pharmacy, St. Antonius Hospital, Utrecht/Nieuwegein, the Netherlands

* Address correspondence to Veerle M.H. Coupé, Decision modelling and Health Care Evaluation, Department of Epidemiology and Data Science, Amsterdam UMC, location Vumc, PO Box 7057, 1007 MB, Amsterdam, the Netherlands.
Email address: v.coupe@amsterdamumc.nl (Coupé, V.M.H.)

A.1 Methods 
Fitting of parametric multistate-statistical model (par MSSM)
The fitting of parametric multistate-statistical model (MSSM) is carried out as a series of nested competing risk models accounting for competing events (e.g., from L1T to L2T vs from L1T to Death) and delayed entry (left truncation) for in-transit events (i.e., from L2T to L3 and from L3T to Death) [43], [69]. 
For each possible time to event (from event i to event j), a cause-specific hazard model is defined as follows: 
   			equation (A1)
where  is a time dependent baseline hazard of moving from event  to event .  is the hazard function of moving from event  to event  at time .  is the transposed vector of model coefficients associated with covariate , with  = 1, 2, … .  – total number of patients at risk at  = 0 for moving from event  to event .
Equation (A1) can be fitted using a parametric or non-parametric framework, and fitting goes as follow; 
a) For fitting a specific event-time distribution, patients who experience a competing event are censored at the time of the competing event. 
b) For event time from in-transit events (from L2T to L3T, from L2T to Death, and from L3T to Death), patients are not at risk for these movement until they have progressed to event L2T or L3T, respectively. 
For a parametric framework, a specification of the distribution function of the baseline hazard h0ij(t) for all time to events is required [44]. In this study we restricted ourselves to three proportional hazard (PH) distribution functions i.e., Exponential, Weibull, and Gompertz. Based on visual inspection, gompertz distribution with monotonic hazard was the best distribution for time from L1T to L2T and L1T to Death, exponential distribution gives the best fit for time from L2T to L3T and L2T to Death. Because of the limited number of patients at risk for time from L3T to Death, an exponential distribution was chosen. Covariates for each time-to-event model were selected based on backward selection (cutoff p-value < 0.05). 

Construction of the microsimulation model: non-personalized strategy 
The microsimulation model was implemented as follow; Patients’ profiles were sampled according to the distributions, associations, and parameters described in the methods section 2.3. First, we sampled baseline attributes; gender, year of diagnosis, age at diagnosis, CCI, PS. Later, conditional on baseline attributes, we sampled the treatment decision (BSC or treated). For treated patients, the type of systemic chemotherapy (cisplatin containing doublets or carboplatin containing doublets) was sampled taking into account the baseline attributes. Distributions and parameters used to sample patients’ baseline attributes and treatment decisions are given in Table A6.
Under the non-personalized strategy; for patients who progressed to second- and third-line chemotherapy. In second and third line we assumed that patients have equal prognosis regardless of the type of chemotherapy. Therefore, in second and third line, no specification of chemotherapy regimens. 
Lastly, patients’ disease pathways were sampled conditional upon patients’ attributes and treatment decisions. Time to event was drawn from the fitted parametric distributions and background mortality as described in section 2.3. For competing events, the event with the shortest event time was taken as occurred event for that patient. At any disease event, patients could die due to other causes (DoC) described by background mortality. The process was carried on until all patients were in absorption event (Death).

Note: Sampling from truncated Gompertz decrH.
Mathematically, a Gompertz distribution with monotonic decreasing hazard (call it, Gompertz decrH) has a non-zero probability for a patient to have infinite event time (patient can live forever) [70]. When Gompertz decrH is used in the presented model, the simulation was constrained such that all simulated patients have finite event time (i.e., no patient lives forever). The constrain was implemented by resampling a patient’s event time until at least one of the possible competing times to event from “event i” has finite event time. Thus, to say, sampling from “truncated Gompertz decrH” distribution.
The consequence of truncation is that simulated data from truncated Gompertz have higher hazard (shorter time to events i.e., event time distribution is shifted to the left) compared to the actual hazard used to simulate the data. Thus, to say, the hazard rate re-estimated from simulated data (outHR) is higher than the hazard rate used to obtain the simulated data (inHR). The magnitude of difference between outHR and inHR depends on the strength of inHR. The lower inHR, the higher the number of patients with “infinite time” to be resampled, the higher the difference between outHR and inHR. 
For the non-personalized strategy (patients treated with first-line chemotherapies), only 0.8 percent of patients had their event time from L1T to L2T and DEATH resampled after first having “infinite time” in both time to event (i.e., from L1T to L2T and from L1T to DEATH). For personalized strategy however (patients treated with first-line targeted therapies or immunotherapy), about 12 percent of patients had their event time from L1T to L2T and DEATH resampled after first having “infinite time” in both times to event (i.e., from L1T to L2T and L1T to DEATH). 
In order to simulate a randomized treatment (RCT) effect for targeted therapy or immunotherapy compared to chemotherapy in the personalized strategy, the progression free hazard for L1T to L2T and from L1T to DEATH (inHR) had to be calibrated. Calibration was done such that simulated results for outHR equal the progression-free hazard rate from the RCT (rctHR). The outHR was re-estimated by a coxPH model with cut-off time of 20 months from start of first-line treatment to mimic a limited follow up in RCT. For example, for EGFR subgroup treated with first line gefitinib, inHR of 0.38 was used to have outHR of 0.43 which matches to rctHR in a network meta-analysis [37]. Table A4 provides the rctHR and inHR for each molecular subgroup simulated in the personalized strategy. For the Immunotherapy treated subgroup, inHR was given under 23 percent long-term survivor fraction and 0 percent long-term survivor fraction as described in section 2.4 of the main text. 

A.2 Tables
Table A1. Distribution of baseline characteristics for patients with advanced (inoperable) non-squamous NSCLC diagnosed between 2008 - 2014
	Variable
	Non-squamous Cell

	
	Systemic
	BSC
	All 

	Year (%)
	
	
	

	2008
	82 (10.7)
	211 (14.7)
	293 (13.3)

	2009
	91 (12.0)
	205 (14.3)
	296 (13.5)

	2010
	95 (12.5)
	208 (14.5)
	303 (13.8)

	2011
	109 (14.3)
	2015 (15.0)
	324 (14.8)

	2012
	137 (18.0)
	195 (13.6)
	332 (15.1)

	2013
	126 (16.6)
	192 (13.4)
	318 (14.5)

	2014
	121 (16.0)
	209 (14.6)
	330 (15.0)

	Gender (%)
	
	
	

	Male
	432 (56.8)
	849 (59.2)
	1281 (58.3)

	Female
	329(43.2)
	587 (40.8)
	915 (41.7)

	Age
	
	
	

	Mean ± std. Error
	62.5 ± 0.350
	68.9 ± 0.289
	66.7 ± 0.234

	PS (%)
	
	
	

	Good (0 -1)
	640 (84.1)
	731 (50.9)
	1371 (62.4)

	Bad (2 – 4)
	86 (11.3)
	598 (41.7)
	684 (31.1)

	Unknown 
	35 (4.6)
	106 (7.4)
	141 (6.4)

	CCI (%)
	
	
	

	Good (1 – 2)
	718(94.3)
	1266 (88.2)
	1984 (90.3)

	Bad (> 2)
	43(5.7)
	169 (11.8)
	212 (9.7)

	Histology (%)
	
	
	

	Adenocarcinoma
	564 (74.1)
	956 (66.6)
	1520 (69.2)

	Large cell
	89 (11.7)
	223 (15.5)
	312 (14.2)

	Other or NOS
	108 (14.2)
	256 (17.8)
	364 (16.6)

	First Line Treatment (%)
	
	
	

	Cisp. D
	
	
	

	Cisplatin-pemetrexed
	291 (38.2)
	-
	291 (13.3)

	Cisplatin-gemcitabine
	90 (11.8)
	-
	90 (4.1)

	Carbo. D
	
	
	

	Carboplatin-pemetrexed
	195 (25.6)
	-
	195 (8.9)

	Carboplatin-gemcitabine
	87 (11.4)
	-
	87 (4.0)

	Bevacizumab-carboplatin- paclitaxel
	60 (7.9)
	-
	60 (2.7)

	Carboplatin-docetaxel
	38 (5.0)
	-
	38 (1.7)

	BSC
	-
	-
	65.34

	Total 
	761 (34.7)
	1435 (65.3)
	2196 (100)


Note: PS, Eastern Cooperative Oncology Group performance status; CCI, Charlson comorbidity index; Year, year of diagnosis; Age, age at diagnosis; BSC, best supportive care; Syst, systemic chemotherapy; Cisp. D, Cisplatin doublet chemotherapy; Carbo. D, Carboplatin doublet chemotherapy; std. Error – standard error of the mean. NB., This table provides description of 2196 non squamous cell patients received standard chemotherapy or best supportive care, for more details on the complete cohort, we refer to [24].

Table A2. Bivariate association of baseline characteristics and first-line treatment decision for patients with advanced (inoperable) non-squamous NSCLC diagnosed between 2008 – 2014
	Variables
	Methods
	Test-statistic and pvalues
	% sim. pv <0.05

	Variable 1
		Variable 2
	
	Statistic
	df
	pvalue
	

	Year 
	Gender
	
	1.94
	6
	0.925
	6

	
	PS
	
	91.87
	12
	<0.0001
	100

	
	CCI
	
	5.291
	6
	0.507
	5

	
	Treat (Syst or BSC)
	
	19.82
	6
	0.003
	97

	
	Syst 
(Cisp. D or Carb. D)
	
	8.01
	6
	0.237
	7

	
	Age
	Anova
	1.971
	6; 2189
	0.064
	6

	Gender
	PS
	
	2.97
	2
	0.227
	25

	
	CCI
	
	14.34
	1
	0.0002
	98

	
	Treat (Syst or BSC)
	
	1.078
	1
	0.299
	44

	
	Syst 
(Cisp. D or Carb. D)
	
	4.07
	1
	0.044
	8

	
	Age 
	ttest
	6.10
	1865.7
	<0.0001
	100

	PS
	CCI
	
	24.89
	2
	<0.0001
	100

	
	Treat (Syst or BSC)
	
	240.87
	2
	<0.0001
	100

	
	Syst  
(Cisp.D or Carb. D)
	
	10.61
	2
	0.005
	93

	
	Age at Diagnosis 
	Anova
	46.18
	2; 2193
	<0.0001
	100

	CCI
	Treat (Syst or BSC)
	
	20.70
	1
	<0.0001
	100

	
	Syst 
(Cisp. D or Carb. D)
	
	1.60
	1
	0.2059
	100

	
	Age
	ttest
	-8.86
	273.9
	<0.0001
	100

	Treat (Syst or BSC)
	Age
	ttest
	14.14
	1727.7
	<0.0001
	100

	Type of Syst  
(Cisp. D or Carb. D)
	Age
	ttest
	-4.96
	758.8
	<0.0001
	100


, Chi-square test of association; Anova, one way analysis of variance; ttest, two independent samples student’s T test PS, Eastern Cooperative Oncology Group performance status; CCI, Charlson comorbidity index; Year, year of diagnosis; Age, age at diagnosis; BSC, best supportive care; Syst, systemic chemotherapy; Cisp. D, Cisplatin doublet chemotherapy; Carbo. D, Carboplatin doublet chemotherapy; % sim. pv ≤ 0.05, proportion of simulations with p-value less than 0.05, out of 1000 runs each with 2196 patients. 

Table A3. Prevalence of molecular biomarkers in the population 
	Biomarker (subgroup)
	Proportion 
	Standard error 
	Reference 

	EGFR(classic)a
	0.07
	0.008
	[28]

	EGFR(non-classic)b
	0.01
	0.001
	[28]

	ALK 
	0.02
	0.002
	[28]

	ROS1 
	0.019
	0.002
	[30]

	BRAF(V600E) 
	0.021
	0.002
	[27]	

	NTRK(1,2,3) 
	0.0017
	
	[31]

	MET(amp / exon 14 sk) 
	0.014
	0.001
	[27]

	RET 
	0.017
	0.002
	[27]

	KRAS 
	0.28
	0.029
	[28]

	No / Unknown
	0.5473c
	-
	-

	For those tested for PD-L1
	
	
	

		PD-L1 ≥50% 
	0.25d
	
	[29]

		PD-L1 < 50% 
	0.75e
	-
	[29]


a Classic activating EGFR mutations (exon 19 deletions and exon 21 L858R point mutations); 
b Non- classic activating EGFR mutations, resistance mutations, and other mutations;
c 1 minus sums all molecular markers 
d out of patients with No / unknown molecular biomarkers or had KRAS / MET / RET mutations. 
e 1 minus PD-L1 ≥50%.  
31

Table A4. First-line treatment and PF HR per molecular subgroup 
	Biomarker
	1L Treat
	Control
	PFS HR
	Reference
	inHR

	EGFR(classic)a
	Gefitinib
	PDCT 
	0.43 (0.37 – 0.49)
	[37]
	0.3817
	

	
	Erlotinib
	PDCT
	0.36 (0.30 – 0.43)
	[37]
	0.2518
	

	EGFR(classic)
	Prognostic value
	-
	0.82 (0.66 – 1.03)
	[38] (dig)c
	0.8009
	

	EGFR(non-classic) b
	Afatinib
	PDCT
	0.40 (0.20 – 0.83)
	[38]c
	0.2586
	

	ALK 
	Alectinib
	Crizotinib
	0.47 (0.34 – 0.65)
	[32]
	0.7822
	

	ALK 
	Crizotinib
	PDCT
	0.45 (0.35 – 0.60)
0.212d
	[33]
	0.0032d
	

	ALK
	Prognostic value
	· 
	0.80 (0.70 – 0.90)
	[52]
	
	

	ROS1 
	Crizotinib
	-
	0.45 (0.35 – 0.60)
	[33], [71]e
	0.3339
	

	BRAF(V600E) 
	Dabrafenib and Trametinib
	-
	0.67 (0.53 – 0.84)
	[67], [72] f
	0.6247
	

	NTRK(1,2,3) 
	Larotrectinib
	-
	0.82 (0.66 – 1.03)
	[38], [73]g
	0.8100
	

	MET(amp / exon 14 sk) 
	depends PDL1
	-
	-
	-
	-
	

	RET 
	depends PDL1
	-
	-
	-
	-
	

	HER2
	depends PDL1
	-
	-
	-
	-
	

	KRAS 
	depends PDL1
	-
	-
	-
	-
	

	No / Unknown
	Depends PDL1
	-
	-
	-
	-
	

	Long-term survivor fraction
	23% 
	0% 

	PD-L1 ≥50% 
	Pembrolizumab
	PDCT
	0.50 (0.37 – 0.68)
	[36]
	0.7546
	0.4070

	PD-L1 ≥50% 
	Pembro & Chemo
	PDCT
	0.36 (0.25 – 0.52)
	[34]
	0.4376
	0.1995

	PD-L1 1-49% 
	Pembro & Chemo
	PDCT
	0.55 (0.34 – 0.90)
	[34] 
	0.8715
	0.4726


1L Treat, first-line treatment; Control, control arm treatment in randomized control trial (RCT); PFS HR, progression free hazard rate; inHR, calibrated hazard rate used in Truncated Gompertz distribution to simulate cohort with novel treatment effect as the one observed in RCT (i.e., PF HR). 
a Classic activating EGFR mutations (exon 19 deletions and exon 21 L858R point mutations).
b Non- classic activating EGFR mutations, resistance mutations, and other mutations.
c Special request to the author to provide PFS HR, method used can be obtained from original work of [38].
d Direct comparison to PDCT: - 0.47*0.45 = 0.212.
e No literature evidence for PFS HR, it was assumed that treatment effect will be the same as crizotinib in ALK patients. 
f No literature evidence for PFS HR, it was assumed that treatment effect will be the same as dabrafenib and trametinib in BRAFval600 patients compared to dabrafenib and placebo. 
g No literature evidence for PFS HR, we assumed that the treatment effect will be the same as prognostic value of EGFR (classic).


Table A5. Second line treatment recommendation with assumed PF HR per molecular subgroup and per first line treatment
	Biomarker 
	1L Treat
	2L Treat
	PPFS HR
	Treat arm vs Control arm 
	References 

	EGFR (classic)
	Gefitinib 
	Cis + Pem
	N/A
	-
	-

	
	Erlotinib
	Cis + Pem
	N/A
	-
	-

	EGFR (non-classic)
	Afatinib
	Cis + Pem
	N/A
	-
	-

	ALK 
	Alectinib
	Lorlatinib
	0.49 (0.37 – 0.64)
	Crizotinib vs CTa
	[74]

	ROS1 
	Crizotinib
	Cis + Pem
	N/A
	
	

	BRAF (V600E) 
	Dabraf & Tramet
	PDL1 >= 50: Pemb
	0.59 (0.44 – 0.78)
	Pembro (2 gm/kg) vs CT
	[35]

	
	
	PDL1 < 50: Pemb + Chem
	0.59 (0.44 – 0.78)
	Pembro (2 gm/kg) vs CT b
	[35]

	NTRK (1,2,3) 
	Larotrectinib
	Cis + Pem
	N/A
	-
	-

	MET (amp / exon 14 sk) 
	depends PDL1
	-
	-
	-
	-

	RET 
	depends PDL1
	-
	-
	-
	-

	HER2
	depends PDL1
	-
	-
	-
	-

	KRAS 
	depends PDL1
	-
	-
	-
	-

	No / Unknown
	Depends PDL1
	-
	-
	-
	-

	PD-L1 ≥50% 
	Pembrolizumab
	Cis + Pem
	N/A
	-
	-

	PD-L1 ≥50% 
	Pembro & Chemo
	Docetaxel
	N/A
	-
	-

	PD-L1 1-49% 
	Pembro & Chemo
	Docetaxel
	N/A
	-
	-

	
	
	
	
	
	


1L Treat, first-line treatment; 2L Treat, second-line treatment; PPFS HR, post-progression free survival Hazard rate (i.e., Hazard rate on 2L Treat); CT, single dose chemotherapy (pemetrexed or docetaxel); Cis, Cisplatin, Pem, pemetrexed; Pembro, pembrolizumab; Chemo, chemotherapy (doublets); PDCT, platinum-based doublets; N/A, No adjustment on hazard rate, we assumed that the treatment effect in second line is independent of first line treatment i.e., patients who received chemotherapy after Immunotherapy / targeted therapy, they will have similar response as those received chemotherapy in first line and chemotherapy in second line. ¥ Trial investigated impact of Osimertinib compared to docetaxel-bevacizumab as third-line treatment for patients previous treated with first-line tyrosine kinase inhibitor (TKI) and second-line chemotherapy or first-line chemotherapy and second-line TKI.
a Lorlatinib assumed to have similar effectiveness as second line crizotinib in ALK mutated patients.
b Assumed the effect of second line pembrolizumab monotherapy.



Table A6. Regression model describing association between baseline characteristics and first-line treatment for patients with advance (inoperable) non-squamous NSCLC diagnosed between 2008 – 2014
	Res. Var
	Model type 
	Distribution
	Scale
	Covariate
	Coefficient
	95% CI

	Age
	Linear 
	normal 
	Linear
	Intercept
	67.88
	67.28; 68.47

	
	
	
	
	Gender: F
	-2.90
	-3.83; -1.98

	
	
	
	
	Sigma
	10.85
	

	CCI
	
	
	
	
	
	

	CCI (bad)
	Logistic 
	Binomial 
	Logit
	Intercept
	-5.88
	-6.98; -4.83

	
	
	
	
	Age
	0.06
	0.04; 0.07

	
	
	
	
	Gender: F
	-0.49
	-0.81; -0.18

	PS
	
	
	
	
	
	

	PS (obs)
	Logistic 
	Binomial
	Logit
	Intercept 
	1.84
	1.52; 2.19

	
	
	
	
	Yr2009
	1.16
	0.55; 1.82

	
	
	
	
	Yr2010
	0.19
	-0.29; 0.68

	
	
	
	
	Yr2011
	1.11
	0.53; 1.74

	
	
	
	
	Yr2012
	0.46
	-0.03; 0.97

	
	
	
	
	Yr2013
	2.52
	1.59; 3.73

	
	
	
	
	Yr2014
	3.26
	2.06; 5.08

	
	
	
	
	
	
	

	PS (bad)a
	Logistic
	Binomial
	Logit
	Intercept
	-3.32
	-3.99; -2.66

	
	
	
	
	Yr2009
	-0.01
	-0.37; 0.36

	
	
	
	
	Yr2010
	0.16
	-0.21; 0.52

	
	
	
	
	Yr2011
	-0.04
	-0.39; 0.32

	
	
	
	
	Yr2012
	-0.49
	-0.86; -0.12

	
	
	
	
	Yr2013
	-0.21
	-0.57; 0.15

	
	
	
	
	Yr2014
	-0.27
	-0.63; 0.08

	
	
	
	
	Age
	0.04
	0.03; 0.05

	
	
	
	
	CCI: bad
	0.52
	0.22; 0.83

	Treat
	
	
	
	
	
	

	Treat (sys)
	Logistic
	Binomial 
	Logit
	Intercept 
	2.78
	2.12; 3.44

	
	
	
	
	Yr2009
	0.03
	-0.36; 0.42

	
	
	
	
	Yr2010
	0.27
	-0.12; 0.65

	
	
	
	
	Yr2011
	0.29
	-0.08; 0.67

	
	
	
	
	Yr2012
	0.57
	0.21; 0.94

	
	
	
	
	Yr2013
	0.48
	0.11; 0.85

	
	
	
	
	Yr2014
	0.41
	0.04; 0.78

	
	
	
	
	Age
	-0.05
	-0.06; -0.04

	
	
	
	
	PS: bad
	-1.64
	-1.90; -1.39

	
	
	
	
	PS: miss
	-0.81
	-1.24; -0.40

	
	
	
	
	CCI: bad
	-0.39
	-0.77; -0.01

	Type of Sysb 
	
	
	
	
	
	

	Sys (Carbo)
	Logistic
	Binomial 
	Logit
	Intercept
	-2.51
	-3.52; -1.53

	
	
	
	
	PS: bad
	0.58
	0.11; 1.06

	
	
	
	
	PS: miss
	-0.87
	-1.65; -0.15

	
	
	
	
	Age
	0.04
	0.02; 0.06


Res. Var, response variable; Distribution, type of statistical distribution assumed for Res. Var; Model type, regression model type; Scale, scale of linear predictor used to model Res. Var via Model type (e.g., if Res. Var assumed to have normal scale, then scale is used to model via linear regression); 95% CI, 95% confidence interval of regression coefficients (lower; upper); Age, age at diagnosis; F, Female; sigma, standard error of linear regression; CCI, Charlson comorbidity Index, grouped as good or bad; PS, Eastern Cooperative Oncology Group Performance status (obs, PS was observed and grouped as bad or good; Yr, year of diagnosis; a fitted on subset of patients with observed PS; Treat, decision to treat with systemic chemotherapy (Sys) or best supportive care (BSC); Type of Sys,Type of systemic thermotherapy administered, grouped as Carboplatin doublets (Carbo. D) and Cisplatin doublets (Cisp.D); b fitted on subset of patients received systemic chemotherapy.
Table A7. Time-to-event estimated of disease model (Fig 1)
	Term
	Trans01a
	Trans04a
	Trans12b
	Trans14 b
	Trans23 b
	Trans24 b
	Trans34 b

	Distribution
	Log-logistic
	Log-normal 
	Gompertz
	Gompertz
	Exponential
	Exponential
	Exponential

	Shape
	0.9970*
	-0.2110*
	-0.2993+
	-0.3369+
	-
	-
	-

	Intercept 
	-2.5490*
	-1.3330*
	0.5231+
	0.1003+
	-1.3590
	-0.252
	-0.363

	Treat1g:
 Carb. D
	-
	-
	0.1969
	0.1457
	0.4420
	0.501*
	0.005

	PS:
	-
	-
	-
	-
	-
	-
	-

		Bad 
	-
	0.8150*
	-
	0.4295*
	-
	-
	-

		Unkn 
	-
	0.8250*
	-
	0.2050
	-
	-
	-

	Gender: Female
	-0.107*
	-0.1340*
	-0.3281*
	-
	-0.814*
	-0.510*
	-

	Age
	-
	-
	-0.0233*
	-
	-0.044*
	-
	-


* Significant at alpha level of 0.05; + p-value / CI not reported; Carb. D, Carboplatin doublets, compared to Cisplatin doublets; PS, ECOG performance status (Bad i.e., 2 or higher, Unkn – unknown PS, compared to good i.e., 0 – 1); Age, age at diagnosis was measured in years; a Fitted as sub-distribution model. b fitted as parametric multistate statistical model (par MSSM).

Table A8. Comparison of real-world, RCT, and modelled survival estimates
	
	Real-world
	RCT
	Modelled

	
	Netherlands
	US
	
	
	

	
	[16]
	[18]a
	[19]b
	
	Cure rate: 0%
	Cure rate: 23%

	PD-L1 ≥ 50%; Pembrolizumab monotherapy
	
	5 year update Keynote-024 [55]
	
	

	mPFS
	8.9 (3.7–14.1)
	NA
	NA
	7.7 (6.1-10.2)
	11.5
	10.9

	mOS
	15.8 (9.4–22.1)
	NA
	15.3 (13.4-17.5)
	26.3 (18.3-40.4)
	13.6
	13.1

	Surv. Rate (%)
	
	
	
	
	
	

	12 m
	57
	NA
	54.5
	NA
	53.8
	52.3

	24 m
	NA
	NA
	39.6
	NA
	29.6
	35.9

	36 m
	NA
	NA
	31.6
	43.7
	16.7
	28.2

	
	
	
	
	
	
	

	PD-L1 ≥ 50; Pembrolizumab + PDCT
	
	3 year update keynote-189 [75]
	
	

	mPFS
	NA
	8.8 (7.2-11.6)
	NA
	11.1 (9.1-14.4)
	16.6
	17.1

	mOS
	NA
	20.6 (14.8-NR)
	19.1 (15.5-22.1)
	NR (20.4-NR)
	18.9
	19.3

	Surv. Rate (%)
	
	
	
	
	
	

	6 m
	NA
	80.7 (70.1-87.9)
	NA
	
	80.5
	78.4

	12 m
	NA
	65.1 (53.3-74.5)
	61.0
	73.3
	64.6
	62.9

	18 m
	NA
	54.6 (42.2-65.5)
	NA
	NA
	51.7
	52.1

	24 m
	NA
	NA
	42.7
	51.9
	41.1
	44.1

	
	
	
	
	
	
	

	PD-L1 1-49%; Pembrolizumab + PDCT
	
	
	
	

	mPFS
	NA
	5.9 (4.6-8.1)
	NA
	9.2 (7.8-13.1)
	10.4
	9.3

	mOS
	NA
	16.3 (11.6-22.4)
	11.8 (10.5-13.5)
	21.8 (17.7-25.9)
	12.3
	11.5

	Surv. Rate (%)
	
	
	
	
	
	

	6 m
	NA
	76.0 (64.6-84.1)
	NA
	NA
	71.6
	67.0

	12 m
	NA
	59.6 (47.5-69.8)
	49.1
	71.7
	50.6
	48.9

	18 m
	NA
	47.5 (35.6-58.6)
	NA
	NA
	36.9
	38.7

	24 m
	NA
	NA
	29.5
	44.3
	27.2
	32.6


a Contains patients with only good performance status i.e., ECOG PS 0 - 1; 
b Study contains different type of Immuno-oncology therapies (I-O), for I-O monotherapy, 95% of patients had Pembrolizumab, and for I-O plus PDCT, 97% of patients had Pembrolizumab plus PDCT/CT; PDCT, platinum-based doublet chemotherapy; 
CT, pemetrexed; Surv. rate, overall survival rate; mPFS, median progression-free survival time; mOS, median overall survival time; m, months. NA, not available; NR, not reached; US, United States of America; RCT, randomized control trial.
A.3 Figures 
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Figure A1. Comparison of modelled and observed bivariate association of baseline characteristics and treatment for advanced (inoperable) NSCLC.
Large dot, value observed from template dataset; points, values from 1000 runs of a model each with 2196 patients (sample size of template data). PS, Eastern Cooperative Oncology Group performance status; CCI, Charlson comorbidity index; BSC, best supportive care; Syst, systemic chemotherapy; Cisp. D, Cisplatin doublet chemotherapy; Carbo. D, Carboplatin doublet chemotherapy. N.B., Statistical test results are reported on ESM Table 2 on column “% sim. pv <0.05”.
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Figure A2. Distribution of parameters of regression models used to simulate baseline characteristics and treatment decision of base-case model. 
[bookmark: _Hlk74134913]The model equation is given on top of each panel; B0, intercept; error, random error with standard normal distribution; PS, Eastern Cooperative Oncology Group performance status; CCI, Charlson comorbidity index; Year, year of diagnosis; Age, age at diagnosis; BSC, best supportive care; Syst, systemic chemotherapy; Cisp. D, Cisplatin doublet chemotherapy; Carbo. D, Carboplatin doublet chemotherapy. Observed, parameter values obtained by fitting regression model on template dataset. 
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Figure A3. Comparison of modelled and observed event time summary under non-personalized strategy. 
Modelled median, mean, restricted mean and proportion in L2T and L3T were assessed from 1000 runs of the non-personalized strategy; L1T, L2T, L3T, and D, are first-line, second-line, third-line treatment, and death, respectively. 
C.I, confidence interval; PFS, first-line progression-free survival; OS, overall survival from first-line treatment. NA, not reached. 
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Figure A4. Comparison of modelled and real-world survival curves for patients with epidermal growth factor receptor (EGFR) mutation who had fist-line EGFR tyrosine kinase inhibitor (EGFR-TKI). 
Durable benefit, EGFR-TKI benefit last until progression; limited benefit, EGFR-TKI benefit last up to 15 months. 
EGFR-TKI were gefitinib or erlotinib;
Real-world included 52 Santeon patient’s level data diagnosed and treated between 2008 – 2014 (blue) [40], and a digitized OS curve of 147 overall survival curve of Santeon patients diagnosed and treated between 2015 – 2018 (Orange) [16]; 1L, start date of first-line systemic treatment; 
Modelled was simulated such that, outHR for gefitinib was 0.43, erlotinib is 0.36 (NMA, [37]), and prognostic value of EGFR was 0.82 (pooled, [38]); outHR was estimated by censoring simulated time at 20 months; inHR was 0.38, 0.25, and 0.80 for gefitinib, erlotinib, and prognostic value of EGFR, respectively; EGFR-TKI benefit was assumed to wear out after 15 months.
[image: ]
Figure A6. Deterministic sensitivity analysis, impact of cure rate on progression-free and overall survival for patients with PD-L1 50%, pembrolizumab monotherapy.
fraction, long-term survivor fraction, it varied from 14 percent to 35 percent in interval of 5 percent. inHR was selected resulted outHR was 0.50 [36]; 
* outHR was estimated with censoring of simulated time at 20 months. U.C.I, upper confidence interval; L.C.I, lower confidence interval; yrs, years, 5 yrs OS RCT, five-year overall survival from randomize control trial taken from Five-year update of Keynote – 001 [54].
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