Supplementary Material: Additional results of the simulation study
[bookmark: _GoBack]Table S1. Results of the simulations for Scenario A in the case of a random effect drawn from a normal distribution with standard deviation  equal to 0.25. Three models were estimated: a multilevel excess hazard model using a Weibull baseline hazard (Weibull mixed); a multilevel excess hazard model using a cubic B-spline with 1 knot fixed at 1 year for the baseline hazard (Spline mixed); and a fixed-effect excess hazard model using a Weibull baseline hazard (Weibull fixed). In these 3 models, the effects of age, sex and DI were modelled as linear and proportional.
	Simulation condition
	
Parameters (True value)
	Weibull mixed
	
	Spline mixed
	
	
	Weibull fixed

	
	
	Bias
	Percentage Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb
	
	Bias
	Percentage Bias
	CPa
	RMSEb

	Number of
clusters: 10

Cluster 
size: 100
	
 (0.25)
	-0.0005
	-0.2
	91.2
	0.027
	
	NA
	NA
	NA
	NA
	
	0.0045
	1.8
	80.2
	0.028

	
	
 (0.7)
	-0.0016
	-0.2
	94.3
	0.023
	
	NA
	NA
	NA
	NA
	
	-0.0137
	-2
	88.1
	0.027

	
	
 (0.05)
	-0.0002
	-0.4
	93.6
	0.004
	
	-0.0002
	-0.4
	94.5
	0.004
	
	-0.0012
	-2.4
	93.5
	0.004

	
	
 (1)
	0.0065
	0.7
	94.1
	0.084
	
	0.0068
	0.7
	94.8
	0.084
	
	-0.0153
	-1.5
	93.8
	0.087

	
	
 (0.02)
	0.0058
	28.8
	88.2
	0.085
	
	0.0057
	28.6
	88.5
	0.085
	
	0.005
	25.1
	63.7
	0.083

	
	
 (0.25)
	-0.0439
	-17.6
	81
	0.092
	
	-0.0438
	-17.5
	81.6
	0.092
	
	NA
	NA
	NA
	NA

	Number of
clusters: 20

Cluster 
size: 50
	
 (0.25)
	-0.0018
	-0.7
	93.7
	0.022
	
	NA
	NA
	NA
	NA
	
	0.0041
	1.6
	88.7
	0.023

	
	
 (0.7)
	-0.0005
	-0.1
	94.4
	0.022
	
	NA
	NA
	NA
	NA
	
	-0.0144
	-2.1
	88.9
	0.026

	
	
 (0.05)
	-0.0001
	-0.1
	95
	0.003
	
	-0.0001
	-0.2
	95.4
	0.004
	
	-0.0012
	-2.4
	92.9
	0.004

	
	
 (1)
	0.008
	0.8
	96
	0.081
	
	0.0076
	0.8
	95.8
	0.082
	
	-0.017
	-1.7
	94.4
	0.083

	
	
 (0.02)
	-0.0023
	-11.5
	92.4
	0.046
	
	-0.0023
	-11.6
	92.2
	0.046
	
	-0.0034
	-17.2
	75.9
	0.045

	
	
 (0.25)
	-0.0246
	-9.8
	91.4
	0.069
	
	-0.0245
	-9.8
	91.8
	0.069
	
	NA
	NA
	NA
	NA

	Number of
clusters: 50

Cluster 
size: 20
	
 (0.25)
	-0.0026
	-1
	93.6
	0.02
	
	NA
	NA
	NA
	NA
	
	0.0036
	1.4
	91.6
	0.021

	
	
 (0.7)
	-0.0012
	-0.2
	95.3
	0.022
	
	NA
	NA
	NA
	NA
	
	-0.0156
	-2.2
	88
	0.027

	
	
 (0.05)
	-0.0002
	-0.3
	95.2
	0.004
	
	-0.0002
	-0.4
	94.4
	0.004
	
	-0.0013
	-2.7
	92.2
	0.004

	
	
 (1)
	0.0122
	1.2
	94.7
	0.085
	
	0.0122
	1.2
	95.5
	0.085
	
	-0.0146
	-1.5
	94.1
	0.085

	
	
 (0.02)
	-0.0006
	-3.1
	94.5
	0.044
	
	-0.0008
	-3.8
	94.6
	0.044
	
	-0.001
	-4.9
	86.3
	0.044

	
	
 (0.25)
	-0.0192
	-7.7
	98.5
	0.069
	
	-0.0188
	-7.5
	98.4
	0.069
	
	NA
	NA
	NA
	NA

	Number of
clusters: 100

Cluster 
size: 10
	
 (0.25)
	-0.0018
	-0.7
	94.8
	0.019
	
	NA
	NA
	NA
	NA
	
	0.0045
	1.8
	94
	0.019

	
	
 (0.7)
	-0.0009
	-0.1
	95.6
	0.023
	
	NA
	NA
	NA
	NA
	
	-0.0159
	-2.3
	87.7
	0.027

	
	
 (0.05)
	0.0001
	0.2
	95
	0.003
	
	0.0001
	0.2
	95.6
	0.004
	
	-0.0011
	-2.3
	93.7
	0.003

	
	
 (1)
	0.0087
	0.9
	95.1
	0.085
	
	0.0091
	0.9
	94.8
	0.085
	
	-0.0189
	-1.9
	94
	0.085

	
	
 (0.02)
	-0.0023
	-11.3
	94.1
	0.032
	
	-0.0023
	-11.7
	94.6
	0.032
	
	-0.0028
	-13.8
	90.4
	0.032

	
	
 (0.25)
	-0.0157
	-6.3
	97.7
	0.078
	
	-0.0157
	-6.3
	97.3
	0.08
	
	NA
	NA
	NA
	NA


aEmpirical coverage probability; bRoot mean square error; NA: Not Applicable.

Table S2. Results of the simulations for Scenario A in the case of a random effect drawn from a normal distribution with standard deviation  equal to 1. Three models were estimated: a multilevel excess hazard model using a Weibull baseline hazard (Weibull mixed); a multilevel excess hazard model using a cubic B-spline with 1 knot fixed at 1 year for the baseline hazard (Spline mixed); and a fixed-effect excess hazard model using a Weibull baseline hazard (Weibull fixed). In these 3 models, the effects of age, sex and DI were modelled as linear and proportional.
	Simulation condition
	
Parameters (True value)
	
	Weibull mixed
	
	Spline mixed
	
	
	Weibull fixed

	
	
	
	Bias
	Percentage 
Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb

	Number of
clusters: 10

Cluster 
size: 100
	
 (0.25)
	
	0.0109
	4.4
	89.1
	0.09
	
	NA
	NA
	NA
	NA
	
	0.0671
	26.8
	31.2
	0.112

	
	
 (0.7)
	
	-0.001
	-0.1
	94.6
	0.023
	
	NA
	NA
	NA
	NA
	
	-0.1274
	-18.2
	3.8
	0.137

	
	
 (0.05)
	
	-0.0002
	-0.4
	93.7
	0.004
	
	-0.0001
	-0.1
	94.1
	0.004
	
	-0.0103
	-20.6
	22.8
	0.011

	
	
 (1)
	
	0.0041
	0.4
	95
	0.087
	
	0.0094
	0.9
	94.5
	0.089
	
	-0.2151
	-21.5
	32.3
	0.245

	
	
 (0.02)
	
	0.0176
	88
	88
	0.312
	
	0.0174
	87.2
	87.9
	0.314
	
	0.0115
	57.6
	24.9
	0.258

	
	
 (1)
	
	-0.1213
	-12.1
	77.5
	0.277
	
	-0.1187
	-11.9
	77.8
	0.279
	
	NA
	NA
	NA
	NA

	Number of
clusters: 20

Cluster 
size: 50
	
 (0.25)
	
	0.0035
	1.4
	90.9
	0.06
	
	NA
	NA
	NA
	NA
	
	0.0686
	27.4
	29.8
	0.093

	
	
 (0.7)
	
	0
	0
	94.9
	0.022
	
	NA
	NA
	NA
	NA
	
	-0.142
	-20.3
	0.3
	0.147

	
	
 (0.05)
	
	0
	0.1
	94.7
	0.004
	
	0.0001
	0.3
	94.8
	0.004
	
	-0.0115
	-22.9
	11.7
	0.012

	
	
 (1)
	
	0.0061
	0.6
	96.2
	0.085
	
	0.0111
	1.1
	95.9
	0.087
	
	-0.2384
	-23.8
	22.9
	0.258

	
	
 (0.02)
	
	-0.0052
	-25.8
	92.8
	0.157
	
	-0.0052
	-25.9
	92.8
	0.158
	
	-0.0115
	-57.3
	34.6
	0.122

	
	
 (0.25)
	
	-0.0512
	-5.1
	88.3
	0.177
	
	-0.0467
	-4.7
	88.6
	0.179
	
	NA
	NA
	NA
	NA

	Number of
clusters: 50

Cluster 
size: 20
	
 (0.25)
	
	-0.0006
	-0.2
	93
	0.042
	
	NA
	NA
	NA
	NA
	
	0.0688
	27.5
	25.9
	0.082

	
	
 (0.7)
	
	-0.0003
	0
	95.4
	0.023
	
	NA
	NA
	NA
	NA
	
	-0.1488
	-21.3
	0
	0.151

	
	
 (0.05)
	
	-0.0001
	-0.3
	95.2
	0.004
	
	0
	0.1
	95.4
	0.004
	
	-0.012
	-24
	7.8
	0.012

	
	
 (1)
	
	0.0115
	1.1
	95.4
	0.088
	
	0.0177
	1.8
	95
	0.09
	
	-0.2486
	-24.9
	17.7
	0.265

	
	
 (0.02)
	
	0.0038
	19.1
	94.7
	0.126
	
	0.004
	19.8
	94.7
	0.127
	
	-0.0018
	-9.1
	52.8
	0.095

	
	
 (1)
	
	-0.0138
	-1.4
	92.6
	0.121
	
	-0.0075
	-0.7
	92.9
	0.123
	
	NA
	NA
	NA
	NA

	Number of
clusters: 100

Cluster 
size: 10
	
 (0.25)
	
	-0.0015
	-0.6
	94.3
	0.032
	
	NA
	NA
	NA
	NA
	
	0.069
	27.6
	18.9
	0.076

	
	
 (0.7)
	
	0.0002
	0
	96.4
	0.023
	
	NA
	NA
	NA
	NA
	
	-0.1511
	-21.6
	0
	0.153

	
	
 (0.05)
	
	0.0001
	0.3
	95.1
	0.004
	
	0.0004
	0.8
	95.4
	0.004
	
	-0.012
	-24.1
	5.8
	0.012

	
	
 (1)
	
	0.0065
	0.7
	95
	0.091
	
	0.0148
	1.5
	95.1
	0.094
	
	-0.2542
	-25.4
	14.2
	0.269

	
	
 (0.02)
	
	-0.005
	-24.8
	94.8
	0.077
	
	-0.0049
	-24.3
	94.7
	0.077
	
	-0.0088
	-44.2
	65.5
	0.058

	
	
 (1)
	
	0.0012
	0.1
	95.8
	0.092
	
	0.0109
	1.1
	94.9
	0.097
	
	NA
	NA
	NA
	NA


aEmpirical coverage probability; bRoot mean square error; NA: Not Applicable.

Table S3. Simulation results in scenario B, with standard deviation  of the random effect equal to 0.5 but different levels of unbalance design. The parameter estimates were obtained with the multilevel excess hazard model using a Weibull baseline hazard and assuming proportional and linear effects of age, sex and DI and a normal random effect defined at the cluster level.
	Simulation condition
	
Parameters (True value)
	
	Low Unbalance Design
	
	Medium Unbalance Design
	
	
	High Unbalance Design

	
	
	
	Bias
	Percentage 
Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb

	Number of
clusters: 10

Mean cluster 
size: 100
	
 (0.25)
	
	-0.0005
	-0.2
	89.3
	0.046
	
	-0.0003
	-0.1
	89.1
	0.046
	
	0.0002
	0.1
	88.6
	0.048

	
	
 (0.7)
	
	-0.0007
	-0.1
	95.4
	0.022
	
	-0.0008
	-0.1
	95.4
	0.022
	
	-0.0008
	-0.1
	95.9
	0.022

	
	
 (0.05)
	
	-0.0002
	-0.4
	95.8
	0.003
	
	-0.0002
	-0.5
	95.7
	0.003
	
	-0.0002
	-0.4
	96.1
	0.003

	
	
 (1)
	
	0.0069
	0.7
	94.9
	0.085
	
	0.007
	0.7
	94.6
	0.084
	
	0.0074
	0.7
	94.3
	0.085

	
	
 (0.02)
	
	-0.0062
	-31
	87.9
	0.123
	
	-0.0057
	-28.7
	87.8
	0.122
	
	-0.006
	-30.2
	86
	0.125

	
	
 (0.5)
	
	-0.0674
	-13.5
	78.8
	0.143
	
	-0.0698
	-14
	78.9
	0.148
	
	-0.0806
	-16.1
	76.9
	0.164

	Number of
clusters: 20

Mean cluster 
size: 50
	
 (0.25)
	
	-0.0007
	-0.3
	93.5
	0.033
	
	-0.0012
	-0.5
	93.9
	0.033
	
	0.0011
	0.5
	93.3
	0.039

	
	
 (0.7)
	
	-0.0024
	-0.3
	94.9
	0.022
	
	-0.0022
	-0.3
	95
	0.022
	
	-0.0023
	-0.3
	94.9
	0.022

	
	
 (0.05)
	
	-0.0003
	-0.6
	95.1
	0.004
	
	-0.0002
	-0.4
	95.1
	0.004
	
	-0.0003
	-0.6
	94.9
	0.004

	
	
 (1)
	
	0.0032
	0.3
	94.5
	0.086
	
	0.0045
	0.5
	96.3
	0.083
	
	0.0066
	0.7
	94.2
	0.085

	
	
 (0.02)
	
	0.005
	25
	92.1
	0.07
	
	0.0047
	23.4
	92.5
	0.07
	
	0.0072
	36
	93.1
	0.097

	
	
 (0.5)
	
	-0.0314
	-6.3
	89.3
	0.095
	
	-0.0329
	-6.6
	87.6
	0.099
	
	-0.0365
	-7.3
	87.4
	0.105

	Number of
clusters: 50

Mean cluster 
size: 20
	
 (0.25)
	
	-0.0018
	-0.7
	92.5
	0.026
	
	-0.0019
	-0.8
	92.1
	0.027
	
	-0.001
	-0.4
	92.3
	0.028

	
	
 (0.7)
	
	-0.0018
	-0.3
	95.6
	0.023
	
	-0.0016
	-0.2
	95.2
	0.023
	
	-0.0015
	-0.2
	94.8
	0.023

	
	
 (0.05)
	
	-0.0002
	-0.5
	94.8
	0.004
	
	-0.0002
	-0.4
	95.4
	0.004
	
	-0.0002
	-0.4
	94.9
	0.004

	
	
 (1)
	
	0.0094
	0.9
	94.8
	0.087
	
	0.0101
	1
	94.3
	0.088
	
	0.0075
	0.8
	94.2
	0.089

	
	
 (0.02)
	
	0.0005
	2.6
	94.4
	0.055
	
	0.0008
	4.1
	94.7
	0.056
	
	0.0002
	1.1
	94.2
	0.058

	
	
 (0.5)
	
	-0.0119
	-2.4
	93.3
	0.072
	
	-0.0134
	-2.7
	93.3
	0.074
	
	-0.0176
	-3.5
	90.6
	0.081

	Number of
clusters: 100

Mean cluster 
size: 10
	
 (0.25)
	
	-0.0012
	-0.5
	93.6
	0.022
	
	-0.0013
	-0.5
	94.8
	0.022
	
	-0.0012
	-0.5
	94.7
	0.023

	
	
 (0.7)
	
	-0.0018
	-0.3
	94.7
	0.023
	
	-0.0015
	-0.2
	95.2
	0.023
	
	-0.0014
	-0.2
	96
	0.022

	
	
 (0.05)
	
	-0.0003
	-0.6
	95.3
	0.003
	
	-0.0003
	-0.6
	94.7
	0.003
	
	-0.0003
	-0.6
	95
	0.003

	
	
 (1)
	
	0.0083
	0.8
	94.6
	0.09
	
	0.0091
	0.9
	94.9
	0.09
	
	0.0094
	0.9
	95
	0.089

	
	
 (0.02)
	
	-0.0004
	-2
	94.3
	0.044
	
	-0.0014
	-6.8
	94.9
	0.043
	
	-0.0003
	-1.6
	95.3
	0.045

	
	
 (0.5)
	
	-0.0067
	-1.3
	94
	0.067
	
	-0.0075
	-1.5
	94.3
	0.07
	
	-0.0083
	-1.7
	92.1
	0.07

	Number of
clusters: 800

Mean cluster 
size: 10
	
 (0.25)
	
	-0.0021
	-0.8
	93.6
	0.008
	
	-0.0023
	-0.9
	94.4
	0.008
	
	-0.0024
	-0.9
	94.3
	0.009

	
	
 (0.7)
	
	-0.0025
	-0.4
	94.6
	0.008
	
	-0.0022
	-0.3
	94.9
	0.008
	
	-0.0022
	-0.3
	94.5
	0.008

	
	
 (0.05)
	
	-0.0003
	-0.6
	92.4
	0.001
	
	-0.0003
	-0.6
	95.1
	0.001
	
	-0.0003
	-0.6
	93.7
	0.001

	
	
 (1)
	
	0.0071
	0.7
	94.7
	0.031
	
	0.0072
	0.7
	93.1
	0.033
	
	0.0074
	0.7
	93.1
	0.033

	
	
 (0.02)
	
	0.0002
	1.1
	94.4
	0.015
	
	0.0003
	1.5
	96.4
	0.015
	
	-0.0001
	-0.3
	95.3
	0.016

	
	
 (0.5)
	
	0.0025
	0.5
	95.1
	0.023
	
	0.0018
	0.4
	95.5
	0.022
	
	0.0014
	0.3
	94.8
	0.023


aEmpirical coverage probability; bRoot mean square error; NA: Not Applicable.

Table S4. Simulation results in scenario B, with standard deviation  of the random effect equal to 0.5 but different levels of unbalance design. The parameter estimates were obtained with the fixed-effect excess hazard model using a Weibull baseline hazard function and assuming proportional and linear effects of age, sex and DI and a normal random effect defined at the cluster level.
	Simulation condition
	
Parameters (True value)
	
	Low Unbalance Design
	
	Medium Unbalance Design
	
	
	High Unbalance Design

	
	
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb

	Number of
clusters: 10

Mean cluster 
size: 100
	
 (0.25)
	
	0.0186
	7.5
	56.8
	0.052
	
	0.0185
	7.4
	54.2
	0.054
	
	0.0184
	7.4
	50.9
	0.057

	
	
 (0.7)
	
	-0.0438
	-6.3
	48.4
	0.052
	
	-0.0425
	-6.1
	50.8
	0.052
	
	-0.0398
	-5.7
	55.5
	0.05

	
	
 (0.05)
	
	-0.0038
	-7.5
	79.3
	0.005
	
	-0.0037
	-7.4
	79.8
	0.005
	
	-0.0034
	-6.9
	82
	0.005

	
	
 (1)
	
	-0.0714
	-7.1
	82.4
	0.116
	
	-0.0686
	-6.9
	82.8
	0.115
	
	-0.0623
	-6.2
	83.1
	0.113

	
	
 (0.02)
	
	-0.006
	-29.9
	36.8
	0.119
	
	-0.0051
	-25.6
	34.8
	0.122
	
	-0.0038
	-18.9
	31.4
	0.128

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of
clusters: 20

Mean cluster 
size: 50
	
 (0.25)
	
	0.0208
	8.3
	64.3
	0.041
	
	0.0203
	8.1
	63.7
	0.042
	
	0.022
	8.8
	59.3
	0.05

	
	
 (0.7)
	
	-0.0519
	-7.4
	30.6
	0.057
	
	-0.051
	-7.3
	34.4
	0.057
	
	-0.0496
	-7.1
	36.3
	0.056

	
	
 (0.05)
	
	-0.0044
	-8.8
	72.1
	0.006
	
	-0.0042
	-8.4
	74.4
	0.006
	
	-0.0042
	-8.4
	75
	0.006

	
	
 (1)
	
	-0.085
	-8.5
	80.4
	0.122
	
	-0.0821
	-8.2
	80.9
	0.118
	
	-0.0777
	-7.8
	82.3
	0.117

	
	
 (0.02)
	
	0.0024
	12.2
	49
	0.066
	
	0.0011
	5.7
	47.6
	0.069
	
	0.0042
	21
	46
	0.103

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of
clusters: 50

Mean cluster 
size: 20
	
 (0.25)
	
	0.0209
	8.3
	72.8
	0.034
	
	0.0208
	8.3
	72
	0.035
	
	0.0215
	8.6
	69.1
	0.036

	
	
 (0.7)
	
	-0.0539
	-7.7
	29.6
	0.058
	
	-0.0535
	-7.6
	29.3
	0.058
	
	-0.053
	-7.6
	31.2
	0.058

	
	
 (0.05)
	
	-0.0045
	-9
	72.4
	0.006
	
	-0.0045
	-8.9
	71.8
	0.006
	
	-0.0045
	-9
	71.8
	0.006

	
	
 (1)
	
	-0.0841
	-8.4
	81.3
	0.121
	
	-0.0837
	-8.4
	80.4
	0.121
	
	-0.0867
	-8.7
	79.2
	0.124

	
	
 (0.02)
	
	-0.0006
	-2.8
	63.7
	0.053
	
	-0.0007
	-3.6
	64.1
	0.055
	
	-0.0007
	-3.3
	65.5
	0.055

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of
clusters: 100

Mean cluster 
size: 10
	
 (0.25)
	
	0.0226
	9
	75.3
	0.032
	
	0.0225
	9
	76.5
	0.032
	
	0.0223
	8.9
	76.4
	0.032

	
	
 (0.7)
	
	-0.055
	-7.9
	25.1
	0.059
	
	-0.0547
	-7.8
	26.8
	0.059
	
	-0.0543
	-7.8
	27.5
	0.058

	
	
 (0.05)
	
	-0.0047
	-9.4
	69.4
	0.006
	
	-0.0047
	-9.5
	69.1
	0.006
	
	-0.0047
	-9.4
	69.8
	0.006

	
	
 (1)
	
	-0.0913
	-9.1
	79.1
	0.126
	
	-0.0905
	-9
	78.9
	0.125
	
	-0.0898
	-9
	78
	0.124

	
	
 (0.02)
	
	-0.0019
	-9.7
	79
	0.041
	
	-0.0023
	-11.6
	79.2
	0.041
	
	-0.0014
	-6.8
	74.8
	0.042

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of
clusters: 800

Mean cluster 
size: 10
	
 (0.25)
	
	0.0222
	8.9
	12.7
	0.024
	
	0.0219
	8.8
	12.8
	0.023
	
	0.0217
	8.7
	14.4
	0.023

	
	
 (0.7)
	
	-0.0575
	-8.2
	0
	0.058
	
	-0.057
	-8.1
	0
	0.057
	
	-0.057
	-8.1
	0
	0.057

	
	
 (0.05)
	
	-0.0049
	-9.7
	2.1
	0.005
	
	-0.0048
	-9.7
	2.6
	0.005
	
	-0.0049
	-9.7
	2.4
	0.005

	
	
 (1)
	
	-0.0934
	-9.3
	10.2
	0.098
	
	-0.0933
	-9.3
	11.7
	0.098
	
	-0.0927
	-9.3
	11.9
	0.098

	
	
 (0.02)
	
	-0.0019
	-9.4
	77.9
	0.015
	
	-0.0017
	-8.3
	79.5
	0.014
	
	-0.0018
	-9.2
	76
	0.016

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA


aEmpirical coverage probability; bRoot mean square error; NA: Not Applicable.

Table S5. Simulation results in scenario B, with standard deviation  of the random effect equal to 0.5 but different levels of unbalance design. The parameter estimates were obtained with the fixed-effect excess hazard model using a cubic B-spline baseline hazard function and assuming proportional and linear effects of age, sex and DI and a normal random effect defined at the cluster level.
	Simulation condition
	
Parameters (True value)
	
	Low Unbalance Design
	
	Medium Unbalance Design
	
	
	High Unbalance Design

	
	
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb
	
	Bias
	Percentage 
Bias
	CPa
	RMSEb
	
	Bias
	Percentage
 Bias
	CPa
	RMSEb

	Number of clusters: 10

Mean cluster size: 100
	
 (0.05)
	
	-0.0045
	-8.9
	73.8
	0.006
	
	-0.0044
	-8.7
	75.1
	0.006
	
	-0.0041
	-8.2
	76.9
	0.006

	
	
 (1)
	
	-0.0793
	-7.9
	80.5
	0.122
	
	-0.0764
	-7.6
	80.9
	0.12
	
	-0.0699
	-7
	81.3
	0.118

	
	
 (0.02)
	
	-0.0062
	-31
	37.1
	0.118
	
	-0.0054
	-26.8
	34.9
	0.121
	
	-0.0041
	-20.5
	31.6
	0.128

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of clusters: 20 

Mean cluster size: 50 
	
 (0.05)
	
	-0.0052
	-10.3
	66.6
	0.006
	
	-0.0049
	-9.9
	68.3
	0.006
	
	-0.0049
	-9.9
	68.5
	0.006

	
	
 (1)
	
	-0.094
	-9.4
	77
	0.128
	
	-0.0911
	-9.1
	78.9
	0.125
	
	-0.0863
	-8.6
	80.8
	0.123

	
	
 (0.02)
	
	0.0023
	11.3
	48.9
	0.065
	
	0.0011
	5.3
	47.8
	0.069
	
	0.0041
	20.6
	46.3
	0.102

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of clusters: 50

Mean cluster size: 20
	
 (0.05)
	
	-0.0053
	-10.6
	63.6
	0.006
	
	-0.0053
	-10.5
	65
	0.006
	
	-0.0053
	-10.5
	66.5
	0.006

	
	
 (1)
	
	-0.0934
	-9.3
	78.9
	0.127
	
	-0.0928
	-9.3
	78.6
	0.128
	
	-0.0956
	-9.6
	76
	0.13

	
	
 (0.02)
	
	-0.0007
	-3.7
	64.4
	0.053
	
	-0.0009
	-4.4
	64.3
	0.054
	
	-0.0007
	-3.6
	65.6
	0.055

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of clusters: 100
 
Mean cluster size: 10
	
 (0.05)
	
	-0.0055
	-11
	61.2
	0.006
	
	-0.0055
	-11
	62.5
	0.006
	
	-0.0055
	-10.9
	62.9
	0.006

	
	
 (1)
	
	-0.1004
	-10
	76.4
	0.132
	
	-0.0996
	-10
	76.9
	0.132
	
	-0.0987
	-9.9
	76.4
	0.131

	
	
 (0.02)
	
	-0.002
	-10.2
	79.9
	0.041
	
	-0.0024
	-12.1
	79.8
	0.04
	
	-0.0015
	-7.5
	75.2
	0.042

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA

	Number of clusters: 800

Mean cluster size: 10 
	
 (0.05)
	
	-0.0057
	-11.5
	0.2
	0.006
	
	-0.0057
	-11.4
	0.6
	0.006
	
	-0.0057
	-11.4
	0.5
	0.006

	
	
 (1)
	
	-0.1034
	-10.3
	5.7
	0.107
	
	-0.1033
	-10.3
	6.3
	0.108
	
	-0.1027
	-10.3
	6.6
	0.107

	
	
 (0.02)
	
	-0.002
	-9.9
	78.3
	0.015
	
	-0.0018
	-9
	79.8
	0.014
	
	-0.002
	-9.8
	76.1
	0.016

	
	
 (0.5)
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA


aEmpirical coverage probability; bRoot mean square error; NA: Not Applicable.
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