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Adverse Events (AEs)
[bookmark: _GoBack]The model considered drug-related grade 1–2 and grade 3–4 AEs for active treatments. For observation, no AE occurrence was considered. For interferon, a literature review [1-4] identified grade 1–2 AEs occurring in at least 10% of patients and grade 3–4 AEs occurring in at least 1% of patients; this resulted in the selection of 15 types of AEs. For nivolumab, the most common grade 1–2 and grade 3–4 AEs observed in CheckMate 238, which were also common to interferon, led to the selection of 11 types of AEs. For pembrolizumab, AEs were based on those that occurred with nivolumab and those in the KEYNOTE-054 study [5]. If the selected AEs were not reported in the KEYNOTE-054 study, then the occurrence rate observed for nivolumab was applied. 

Utilities
Utilities assigned to each state of the model (Table 1) were sourced from the EuroQol five-dimension, three-level questionnaires collected in CheckMate 238. A mixed-effect model with repeated measurements was applied [6], adjusting for covariates of interest. The final model was selected according to a stepwise approach that included only significant covariates. Utilities were analyzed by using French tariffs [7]. Disutilities due to grade 3–4 AEs were obtained from several sources in the literature [8-12] and are shown in Table 2.

Costs of Adjuvant Therapy
Acquisition costs of nivolumab and pembrolizumab were reimbursed based on the diagnosis-related group (DRG). In-hospital therapies (i.e. all therapies prescribed within the hospital setting except nivolumab and pembrolizumab) were obtained from the French National Tariff Database (Base de Données des Médicaments – Information tarifaire [BDM-IT]). Infusion costs were estimated using the public and private weighted production costs from the technical agency for hospital information database (Agence technique de l’information sur l’hospitalisation [ATIH]). Costs for interferon and dabrafenib plus trametinib were obtained from BDM-IT. All drug costs (Table 3) were expressed as public prices (including VAT). For programmed death-1 (PD-1) inhibitors, treatment cost was based on the actual number of doses received as per CheckMate 238 and KEYNOTE-054 [5]. For low-dose interferon, treatment cost was based on recommended posology (Table 3).

Costs of Subsequent Therapy
In the model, patients having a recurrence were split between local/regional recurrences and distant recurrences using the distribution of recurrences observed in CheckMate 238. For local/regional recurrences, the costs for radiotherapy and surgery, using respective DRG costs, were estimated at €3509 and €1615 per patient. For distant recurrences, acquisition costs associated with first-line therapies for advanced melanoma were applied as a one-time cost and were weighted on the rate of distant recurrences in CheckMate 238. In the advanced stage, chemotherapy and ipilimumab infusion costs used the DRG cost for tumours from ATIH, and time-on-treatment for subsequent therapies was sourced from the literature. Distribution of therapies was estimated based on market shares and applied equally across the adjuvant treatments compared in the base-case model (Table 4).

Costs of AEs
The costs of AEs were applied as a one-time cost in the first cycle of the model for all patients and active treatments. No AE occurrence was considered for observation. Mean unit costs for AEs were obtained from various sources in the literature and expressed in 2019 Euros (Table 5).

Follow-Up Costs
The model integrated disease follow-up costs depending on the health state (‘Recurrence-free’ and ‘Post-recurrence’) and on the year of modelling (0–3, 3–5, and > 5 years). Costs taken into consideration were obtained from the literature [13] and consisted of hospitalization costs and emergency stays, outpatient visit costs, and diagnosis costs (imaging, laboratory tests). A detailed breakdown of these costs is shown in Table 6).
Transportation Costs
The transportation costs for intravenous administration of therapies and for management of AEs were derived from a report produced in 2012 by a French state institution (Cour des Comptes) [14] and updated in 2019 Euros; a mean round-trip cost was estimated at €104. Transportation costs related to follow-up were obtained from the study by Grangé et al [13] and updated in 2019 Euros. The mean monthly cost was €27 in the ‘Pre-recurrence’ state, €54 in the ‘Local/regional post-recurrence’ state, and €58 in the ‘Metastatic post-recurrence’ state, respectively.

Palliative Care Costs
The model considered end-of-life palliative care costs provided shortly prior to the patient’s death. The DRG from ATIH was used to estimate this cost, which was €7940.
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Table 1 Synthesis of utilities per health state and per comparator
	Health state
	Comparator
	Values
	Explanation

	Pre-recurrence
	Observation
	0.836
	Baseline utility derived from CheckMate 238

	
	Nivolumab
	0.831
	Specific utility of pre-recurrence state, derived from CheckMate 238

	
	Interferon
	< 0.836
	Baseline utility derived from CheckMate 238 plus disutilities related to grade 3‒4 AEs


	Post-recurrence
	All
	0.737
	Identical utility for all comparators, derived from CheckMate 238


Pre-recurrence utilities for pembrolizumab and dabrafenib plus trametinib are the same as nivolumab
AE adverse event


Table 2 Disutilities due to AEs
	AE
	Disutility due to grade 3–4 AEs
	Source

	Fatigue
	–0.110
	Beusterien et al (2009) [8] 

	Anaemia
	–0.110
	Beusterien et al (2009) [8]

	Leucopoenia
	–0.110
	Beusterien et al (2009] [8]
Absence of value, but same disutility estimated as for neutropenia 

	Anorexia
	–0.048
	Nafees et al (2008) [10]
Absence of value but same proxy used in HAS efficiency opinion for nivolumab in non-squamous non-small cell lung cancer

	Fever/pyrexia
	–0.110
	Beusterien et al (2010) [9] 

	Infection
	–0.110
	Beusterien et al (2010) [9]

	Headache
	–0.110
	Gallop et al (2015) [11]

	Diarrhoea
	–0.060
	Beusterien et al (2009) [8]

	Nausea
	–0.070
	Beusterien et al (2009) [8]

	Vomiting
	–0.070
	Beusterien et al (2009) [8]

	Rash
	–0.030
	Beusterien et al (2009) [8]

	Depression
	–0.370
	Gallop et al (2015) [11]

	Myalgia
	–0.123
	Hagiwara et al (2018) [12]

	ASAT increased
	0.000
	Assumption

	ALAT increased
	0.000
	Assumption


AE adverse event, ALAT alanine aminotransferase, ASAT aspartate aminotransferase, HAS Haute Autorité de Santé


Table 3 Posology and public price of comparators used as adjuvant therapy
	Treatment
	Posology
	Bottle size
	Cost per bottle (€) 
	Cost per dose (€)
	Source

	Nivolumab
	240 mg (fixed dose)
	10 mg/ml in 24 ml bottle
	
2481.18

	
2481.18

	Official Journal of the French Republic, 30th April 2019

	Interferon alpha -2a, low dose
	3 MIU sub-cutaneous for 18 months starting 6 weeks after surgery at the latest
	3 MIU/0.5 ml

	260.01

	21.67
	BDM-IT + dispensation fee

	Pembrolizumab
	200 mg (fixed dose)
	50 mg
	1323.52
	5294.08
	Official Journal of the French Republic, 22nd November 2019

	
	
	100 mg
	2647.04
	
	

	Treatment
	Posology
	Dose per tablet
	Cost per dose (€) 
	Source

	Dabrafenib plus trametinib (sub-population with BRAF mutation)
	Dabrafenib: 
Trametinib: 
	75 mg/150 mg
2 mg
	368.69
178.94
	Official Journal of the French Republic, 11th December 2019


All costs correspond to 2019 values 
BDM-IT Base de Données des Médicaments – Information tarifaire, MIU millions international units


Table 4 Distribution and costs of therapies used for distal recurrences prescribed in first line of advanced melanoma
	Treatment
	Market share (%)
	Cost per dose (€)
	Source

	
Nivolumab
	
39
	2481.18
	Official Journal of the French Republic, 30th April 2019

	Pembrolizumab
	18.5
	5008.45
	Official Journal of the French Republic, 22nd November 2019

	Nivolumab plus ipilimumab
	2.4
	Initiation: 775.37 + DRG (ipilimumab) maintenance: 2481.18

	Official Journal of the French Republic, 30th April 2019
ATIH

	Chemotherapy: dacarbazine
	6
	DRG
	ATIH

	Dabrafenib plus trametinib
	20
	Dabrafenib: 368.69
Trametinib: 178.94
	Official Journal of the French Republic, 11th December 2019

	Vemurafenib plus cobimetinib
	6
	118.03
268.74
	BDM-IT

	Dabrafenib
	5
	368.69
	Official Journal of the French Republic, 11th December 2019

	Vemurafenib
	3
	118.39
	BDM-IT

	Ipilimumab
	0
	DRG
	ATIH

	Other (clinical trials)
	0
	No cost
	Not applicable


All costs correspond to 2019 values 
ATIH Agence technique de l’information sur l’hospitalisation, BDM-IT Base de données des médicaments – Information tarifaire, DRG diagnosis-related group,




Table 5 Mean unit costs of adverse events
	AE
	Mean cost per event (€)
	Source
	Mean cost per event, including transportation costs (€)
	Source

	Grades
	1–2
	
	3–4
	

	Fatigue
	49
	Mickisch et al, 2010 [15]
	2521
	Fernandes et al, 2017 [16]

	Anaemia
	1739
	Cemka report, 2017 [17]
	3646
	Cemka report, 2017 [17]

	Leucopoenia
	676
	Mickisch et al, 2010 [15]
	6117
	Mikisch et al, 2010 [15]

	Anorexia
	49
	Mickisch et al, 2010 [15]
	2697
	Mickisch et al, 2010 [15]

	Fever/pyrexia
	106
	Mickisch et al, 2010 [15]
	3138
	Mickisch et al, 2010 [15]

	Infection
	42
	Cemka report, 2017 [17]
	1041
	Brown et al, 2008 [18]

	Headache
	43
	Mickisch et al, 2010 [15]
	1755
	Mickisch et al, 2010 [15]

	Diarrhoea
	27
	Cemka report, 2017 [17]
	3161
	Fernandes et al, 2017 [16]

	Nausea
	289
	Cemka report, 2017 [17] 
	1630
	Fernandes et al, 2017 [16]

	Vomiting
	289
	Cemka report, 2017 [17]
	1630
	Fernandes et al, 2017 [16]

	Rash
	19
	Cemka report, 2017 [17]
	2393
	Fernandes et al, 2017 [16]

	Depression
	199
	Mickisch et al, 2010 [15]
	2915
	Mickisch et al, 2010 [15]

	Myalgia
	0
	Mickisch et al, 2010 [15]
	0
	Mickisch et al, 2010 [15] 

	Increased ASAT
	No reference
	3698
	HAS opinion Mekinist® metastatic melanoma, 2016 [19,20]

	Increased ALAT
	
	3698
	HAS opinion Mekinist® metastatic melanoma, 2016 [19]


All costs correspond to 2019 values 
AE adverse event, ALAT alanine aminotransferase, ASAT aspartate aminotransferase, HAS Haute Autorité de Santé


Table 6 Disaggregated costs for patient follow-up depending on the disease stage in Grangé et al [13]
	Follow-up stage

	Pre-recurrence
N = 199

(mean follow-up, 16 months)
	Local/regional 
post-recurrence
N = 57
(mean follow-up, 12 months)
	Metastatic 
post-recurrence
N = 106
(mean follow-up, 14 months)

	
	Annual costs
(€2013)
	Monthly costs
(€2018)
	Annual costs
(€2013)
	Monthly costs
(€2018)
	Annual costs
(€2013)
	Monthly costs
(€2018)

	Hospitalisation costs and emergency stays costs
	3600
	218
	1338
	108
	4699
	326

	Clinical visits costs
	298
	18
	203
	16
	259
	18

	Diagnosis costs
	508
	31
	374
	30
	866
	60

	Other costs
	NA
	NA
	NA
	NA
	158
	11

	Total costs for management/follow-up
	4903
	295
	14,279
	209
	25,292
	473




Table 7 Relative efficacy results (network meta-analysis or correlation equation) vs observation - overall population
	RFS
	Nivolumab
	Low-dose interferon
	Pembrolizumab

	HR vs observation
[95% CI]
	0.52
[0.40–0.67]
	0.88
[0.83–0.94]
	0.56
[0.45–0.69]

	OS
	Nivolumab (correlation equation)
	Low-dose interferon
	Pembrolizumab
(correlation equation)

	HR vs observation
[95% CI]
	0.59
[0.48–0.72]
	0.92
[0.86–0.99]
	0.63
[0.53–0.74]


CI confidence interval, HR hazard ratio, OS overall survival, RFS recurrence-free survival 


Table 8 Relative efficacy results (network meta-analysis or correlation equation) vs observation – BRAF mutated population
	RFS
	Nivolumab
	Low-dose interferon
	Dabrafenib plus trametinib
	Pembrolizumab

	HR vs observation
[95% CI]
	0.56
[0.39–0.78]
	0.90
[0.78–1.04]
	0.47
[0.39–0.57]
	0.57
[0.41–0.77]

	OS
	Nivolumab (correlation equation)
	Low-dose interferon
	Dabrafenib plus trametinib
	Pembrolizumab
(correlation equation)

	HR vs observation
[95% CI]
	0.63
[0.47–0.82]
	0.92
[0.86–0.99]
	0.57
[0.42–0.79]
	0.64
[0.49–0.81]


CI confidence interval, HR hazard ratio, OS overall survival, RFS recurrence-free survival 
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[bookmark: _Hlk40190355]Fig. 1 Efficiency frontier for the base case analysis in the subgroup with BRAF mutations. All costs correspond to 2018 values. QALY quality-adjusted life year

Fig. 2 Tornado diagram based on DSA results for nivolumab versus low-dose interferon (overall population ICUR = €37,886 QALY). All costs correspond to 2018 values per QALY. Subsequent distant cost entries reflect total treatment costs for distant metastases; correlation equation: beta reflects the beta values in the correlation equation. DSA deterministic sensitivity analysis, ICER incremental cost-effectiveness ratio, ICUR incremental cost-utility ratio, HR hazard ratio, OS overall survival, Q2W every 2 weeks, QALY quality-adjusted life year, RFS recurrence-free survival

Fig. 3 Scatterplot of incremental costs and QALYs for nivolumab versus low-dose interferon (1000 iterations of PSA). PSA probabilistic sensitivity analysis, QALY quality-adjusted life year
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