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Supplementary Methods

Model development
Phase 1: Multiple imputation for missing covariates

We used multiple imputation by chained equations for handling missing predictor values. To avoid bias in the Cox analysis model used for variable selection (see phase 2), the imputation model included all predictors and the outcome. To include the outcome in the imputation model, we used the standard Nelson-Aalen estimate of the cumulative hazard function, provided by nelsonaalen function of the R package “mice”, and the censoring indicator 1. Because the imputation model should include every variable that both predicts the incomplete variable and whether the incomplete variable is missing, the following variables were also considered in the imputation model: education (as ordered categorical variable), primary tumour (as unordered categorical variable), presence of metastases (as dichotomous variable), tumour with predominantly local progression (as dichotomous variable), diastolic pressure (as continuous variable), and number of breakthrough pain episodes over the last 24 hours (as continuous variable). The aregImpute function of the R package “Hmisc” was used to fit the imputation model. Continuous predictors were transformed using restricted cubic splines with three knots. Predictive mean matching was used as statistical imputation method. Since 329 out of 1020 (32%) cases were incomplete, using the rule of thumb that the number of imputations should be at least equal to the percentage of incomplete cases, 35 imputed datasets were created {White, 2011 #76}. 

Phase 2: Selection of predictors

We used a Cox regression model on the imputed datasets in order to select the candidate predictors; no interactions between predictors were considered, and continuous predictors were transformed using restricted cubic splines with three knots. A fast backward step-down procedure - with total residual Akaike Information Criterion (AIC) as stopping rule - was applied to select predictors; the fastbw function of the R package “Hmisc” was used for this purpose. The following variable selection procedures were applied to multiple imputed data: i) separate imputations; and ii) stacked imputed datasets with weighted regression 2. With regard to the first procedure, candidate predictors were selected separately in each imputed dataset; predictors that appeared in at least half of the models were selected. Results of variables selections are reported in the following Table.

	Combination of selected predictors
	Absolute frequencies
	Percentage frequencies

	Anorexia, heart rate, KPS, liver failure, rattle
	27
	77

	Anorexia, KPS, heart rate, liver failure, hepatic metastasis, rattle
	7
	20

	Anorexia, asthenia, heart rate KPS, liver failure, rattle
	1
	3


KPS: Karnofsky Performance Status.
With regard to the second procedure, the 35 imputed datasets for the 1020 individuals were stacked into one large dataset of 35700 records. Variable selection was performed using this single stacked dataset; a fixed weight of 1/35 was applied to each observation. We obtained the same results by these two approaches.

Phase 3: Model refinement

To refine the linear multivariable regression model selected in the previous phase, we tested for interactions between predictors; we then checked the linearity of continuous predictors and the proportional hazard assumption. 
The selected predictors and their interactions were introduced in a new Cox regression model; a fast backward step-down procedure - with total residual AIC as stopping rule - was used to assess if AIC was reduced (lower is better) by adding interactions between predictors. This model was fitted on the 35 imputed datasets, according to the two variable selection procedures previously reported (phase 2) and we obtained the same result by both approaches. Selected interactions by separate imputation approach are reported in the following Table.

	Interactions between predictors
	Absolute frequencies
	Percentage frequencies

	Heart rate*anorexia
	18
	51

	No interaction selected
	7
	20

	Anorexia* liver failure
	3
	9

	Anorexia*liver failure, anorexia* heart rate
	2
	6

	Rattle*anorexia, rattle*heart rate, rattle*KPS, anorexia*KPS
	2
	6

	Heart rate*anorexia, heart rate*rattle
	1
	3

	Rattle*heart rate
	1
	3

	Rattle*heart rate, anorexia*KPS
	1
	3


The linearity of continuous predictors, i.e., heart rate and KPS, was checked on the 35 imputed datasets, using the anova function of the R package “rms”. The resulting chi-square statistics were combined using the micombine.chisquare function of the R package “miceadds”. Both heart rate (p-value=0.0007), and KPS (p-value=0.0002) did not satisfied linearity. For this reason, restricted cubic splines were applied with number of knots optimized by the rule of AIC index. 

Finally, the proportional hazard assumption of the predictors was checked on the 35 imputed datasets using the cox.zph function of the R package “survival”. The resulting chi-square statistics were combined using micombine.chisquare function of the R package “miceadds”. Heart rate (p-value= 0.0004), KPS (p-value= <0.0001), and anorexia (p-value= 0.032) did not satisfy the proportional hazard assumption. Due to limitations of the Cox model when modelling time-dependent effects, we decided to estimate the baseline hazard function for the final predictive model using a flexible parametric Royston-Parmar model 3.

Phase 4: Model estimation

Since a significant interaction term was found for heart rate and anorexia, we recreated the 35 imputed datasets including also this interaction. We used the new imputed datasets to estimate the parameters of the final Royston-Parmar model. The mi estimate Stata command was used to fit the model in each imputed dataset and to combine the resulting estimates. The stpm2 Stata command was used to fit the Royston-Parmar model. Refer to Supplementary Table 1 for the complete Stata command.

External validation of the model

The final predictive model was externally validated in two different settings (i.e., home care and hospice) using independent observations. External validation was conducted after model development, and when it began any modification of the final multivariable regression model was not admitted (i.e., blinding of the external validation to the model development). We assessed the calibration of the model in the home care and hospice validation sets by plotting the smoothed calibration curves of the predicted versus the observed survival probabilities at specified time points 
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4
. We used as summary measures of calibration the Integrated Calibration Index (ICI) – equivalent to the mean difference between the predicted and the observed probabilities derived from a smoothed calibration curve – and the E50 and E90 – which denote the median and 90th percentile of the absolute difference between observed and predicted probabilities. The calibration of the model in the home care validation set was also assessed tabulating the percentiles of the predicted and observed survival probabilities that were estimated using the Kaplan-Meier method. Loglog-transformed 95% confidence intervals for the observed survival probabilities were also provided. We then tested the discrimination ability of the final predictive model using the receiver operating characteristic curve and the area under the curve measures at different time points.
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Supplemental Table 1. List of the 55 clinical factors considered in the prediction model for overall survival in cancer patients admitted to palliative care.
	Clinical factors
	

	Primary diagnostic factors
	

	Hepatic metastasis
	Present, absent, not defined

	Brain metastasis
	Present, absent, not defined

	Lung metastasis
	Present, absent, not defined

	Skin metastasis
	Present, absent, not defined

	Peritoneal metastasis
	Present, absent, not defined

	One or more concomitant chronic disease which request a therapy
	Present, absent, not defined

	Pain factors
	

	Pain, last 24 hoursa
	Numeric value

	Breakthrough pain
	Present, absent, not defined

	Respiratory factors
	

	Dyspnoeaa 
	Numeric value

	Breath frequency (acts for minute)
	Numeric value

	Pleural spilling
	Present, absent, not defined

	Pneumothorax
	Present, absent, not defined

	Rasping breath
	Present, absent, not defined

	Cardio-circulatory factors
	

	 Systolic pressure (mmHg)
	Numeric value

	 Heart frequency (pulse/minute)
	Numeric value

	Arrhythmia
	Present, absent, not defined

	Gastro-enteric factors
	

	Intestinal obstruction or sub-occlusion
	Present, absent, not defined

	Ascites
	Present, absent, not defined

	Neurological factors
	

	Epileptic episode, last 7 days
	Present, absent, not defined

	Medullar compression
	Present, absent, not defined

	Intracranial hypertension
	Present, absent, not defined

	Paresis (or other motorial deficit) developed, last 30 days
	Present, absent, not defined

	Hallucination episode, last 7 days
	Present, absent, not defined

	Motor disfunction factors
	

	Dysphagia
	Present, absent, not defined

	Fall, last 7 days
	Present, absent, not defined

	Neuromotor factors
	

	Episode of myoclonis, last 7 days
	Present, absent, not defined

	Metabolic factors
	

	Astheniaa
	Numeric value

	Cachexia
	Present, absent, not defined 

	Cognitive factors
	

	Episode of confusion, disorientation, delirium, last 7 days
	Present, absent, not defined

	Psychomotor agitation
	Present, absent, not defined

	Psychological factors
	

	Anxietya 
	Numeric value

	Depressiona 
	Numeric value

	Clinical factors 
	

	Profuse sweating
	Present, absent, not defined

	Fever ≥ 38°C
	Present, absent, not defined

	Dehydration 
	Present, absent, not defined

	Sub-icterus/icterus
	Present, absent, not defined

	Diffused edema/anasarca
	Present, absent, not defined

	Episode of bleeding/haemorrhage, last 7 days
	Present, absent, not defined

	Pathological bone or vertebral fractures in the last 6 months 
	Present, absent, not defined

	Nutritional factors
	

	Loss of weight ≥ 5%, last 30 days
	Present, absent, not defined

	Anorexia
	Present, absent, not defined

	Cutaneous factors
	

	Decubitus ulcer
	Present, absent, not defined

	Ecchymosis, petechial o cutaneous hematoma
	Present, absent, not defined

	Organ deficit factors
	


	Hepatic failure
	Present, absent, not defined

	Renal failure
	Present, absent, not defined

	Anaemia
	Present, absent, not defined

	Other factors
	

	Ostomies
	Present, absent, not defined

	Drainage (pleural, biliary, ..)
	Present, absent, not defined

	Fistula (bladder-rectal, bladder-vaginal,..)
	Present, absent, not defined

	Permanent venous catheterization
	Present, absent, not defined

	Current bacterial or viral infection
	Present, absent, not defined

	Serious upset sleep-wake rhythm
	Present, absent, not defined

	Karnofsky index 
	Numeric value

	Urinary incontinence
	Present, absent, not defined

	Faecal incontinence
	Present, absent, not defined


aESAS: Edmonton Symptom Assessment System.

Supplementary Table 2. Distribution of the 55 clinical factors among cancer patients admitted to palliative care, overall and according to training/validation set and setting of care.
	
	Total

(N=1811)
	Training 

set


	Validation 

set

	
	
	Home care

(N=1020)
	Home care

(N=544)
	p-valuea
	Hospice

(N=247)
	p-valueb

	Anaemia
	490 (28.3)
	248 (25.6)
	176 (33.7) 
	0.001
	66 (27.7)
	0.506

	Not defined
	82 (4.5)
	52 (5.1)
	21 (3.9)
	
	9 (3.6)
	

	Anorexia
	592 (32.9)
	312 (30.7)
	181 (33.7)
	0.227
	99 (40.1) 
	0.005

	Not defined
	11 (0.6)
	4 (0.4)
	7 (1.3)
	
	0 (0)
	

	Anxiety intensity ≥ 7, last 24 hours
	126 (7.4)
	64 (6.7)
	59 (11.6) 
	0.001
	3 (1.3) 
	0.002

	Not defined
	111 (6.1)
	59 (5.8)
	35 (6.4)
	
	17 (6.9)
	

	Arrhythmia
	274 (15.2)
	171 (16.8)
	76 (14.2)
	0.175
	27 (10.9) 
	0.023

	Not defined
	9 (0.5)
	2 (0.2)
	7 (1.3)
	
	0 (0)
	

	Ascites
	299 (16.6)
	155 (15.2)
	91 (16.9)
	0.407
	53 (21.5) 
	0.018

	Not defined
	7 (0.4)
	3 (0.3)
	4 (0.7)
	
	0 (0)
	

	Asthenia intensity ≥ 7, last 24 hours
	525 (30.2)
	274 (27.9)
	186 (35.4) 
	0.003
	65 (27.9)
	0.999

	Not defined
	70 (3.9)
	38 (3.7)
	18 (3.3)
	
	14 (5.7)
	

	Bacterial/viral infection
	101 (5.6)
	53 (5.2)
	24 (4.4)
	0.492
	24 (9.7) 
	0.008

	Not defined
	1 (0.1)
	1 (0.1)
	0 (0)
	
	0 (0)
	

	Bleeding/haemorrhage, last 7 days
	112 (6.2)
	53 (5.2)
	36 (6.7)
	0.237
	23 (9.3) 
	0.015

	Not defined
	3 (0.2)
	0 (0)
	3 (0.6)
	
	0 (0)
	

	Bone/vertebral fractures, last 6 months
	108 (6.0)
	49 (4.8)
	37 (6.8)
	0.095
	22 (8.9) 
	0.011

	Not defined
	3 (0.2)
	0 (0)
	2 (0.4)
	
	1 (0.4)
	

	Breakthrough pain, N (%)
	536 (29.6)
	258 (25.3)
	175 (32.2) 
	0.004
	103 (41.7) 
	<.001

	Breath frequency >25 acts/minute 
	90 (5.5)
	65 (7.2)
	19 (3.7) 
	0.008
	6 (2.7) 
	0.014

	Not defined
	175 (9.7)
	116 (11.4)
	34 (6.3)
	
	25 (10.1)
	

	Cachexia
	543 (30.1)
	277 (27.3)
	150 (27.7)
	0.880
	116 (47.0) 
	<.001

	Not defined
	8 (0.4)
	6 (0.6)
	2 (0.4)
	
	0 (0)
	

	Concomitant chronic disease requiring a therapy
	1374 (76.0)
	759 (74.6)
	427 (78.5)
	0.089
	188 (76.1)
	0.630

	Not defined
	3 (0.2)
	3 (0.3)
	0 (0)
	
	0 (0)
	

	Decubitus ulcer
	151 (8.4)
	87 (8.5)
	35 (6.4)
	0.141
	29 (11.7)
	0.119

	Not defined
	3 (0.2)
	2 (0.2)
	1 (0.2)
	
	0 (0
	

	Dehydration
	58 (3.2)
	29 (2.8)
	19 (3.5)
	0.480
	10 (4.0)
	0.326

	Not defined
	1 (0.1)
	1 (0.1)
	0 (0)
	
	0 (0)
	

	Delirium/confusion, last 7 days
	165 (9.1)
	95 (9.3)
	39 (7.2)
	0.153
	31 (12.6)
	0.128

	Not defined
	3 (0.2)
	1 (0.1)
	2 (0.4)
	
	0 (0)
	

	Depression intensity ≥ 7, last 24 hours
	127 (7.5)
	67 (7.0)
	51 (10.0) 
	0.043
	9 (3.9)
	0.087

	Not defined
	119 (6.6)
	65 (6.4)
	36 (6.6)
	
	18 (7.3)
	

	Drainage (pleural, biliary)
	81 (4.5)
	52 (5.1)
	18 (3.3)
	0.103
	11 (4.5)
	0.676

	Dysphagia
	261 (14.5)
	127 (12.5)
	87 (16.2) 
	0.044
	47 (19.1) 
	0.007

	Not defined
	15 (0.8)
	6 (0.6)
	8 (1.5)
	
	1 (0.4)
	

	Dyspnoea intensity ≥ 7, last 24 hours
	132 (7.7)
	80 (8.3)
	37 (7.1)
	0.400
	15 (6.5)
	0.373

	Not defined
	92 (5.1)
	55 (5.4)
	20 (3.7)
	
	17 (6.9)
	

	Ecchymosis/cutaneous hematoma
	301 (16.6)
	124 (12.2)
	110 (20.3) 
	<.001
	67 (27.1) 
	<.001

	Not defined
	1 (0.1)
	0 (0)
	1 (0.2)
	
	0 (0)
	

	Epileptic episode, last 7 days
	10 (0.6)
	6 (0.6)
	3 (0.6)
	0.926
	1 (0.4)
	0.727

	Not defined
	1 (0.1)
	1 (0.1)
	0 (0)
	
	0 (0)
	

	Faecal incontinence
	180 (10.0)
	77 (7.6)
	46 (8.5)
	0.529
	57 (23.2) 
	<.001

	Not defined
	2 (0.1)
	1 (0.1)
	0 (0)
	
	1 (0.4)
	

	Fall, last 7 days
	96 (5.3)
	50 (4.9)
	33 (6.1)
	0.330
	13 (5.3)
	0.817

	Not defined
	1 (0.1)
	1 (0.1)
	0 (0)
	
	0 (0)
	

	Fever ≥ 38°C
	43 (2.4)
	27 (2.6)
	14 (2.6)
	0.931
	2 (0.8)
	0.083

	Fistula
	11 (0.6)
	6 (0.6)
	3 (0.6)
	0.925
	2 (0.8)
	0.695

	Not defined
	2 (0.1)
	2 (0.2)
	0 (0)
	
	0 (0)
	

	Hallucination, last 7 days
	37 (2.0)
	18 (1.8)
	16 (2.9)
	0.129
	3 (1.2)
	0.543

	Heart rate > 100 pulse/minute
	136 (7.6)
	79 (7.9)
	40 (7.4)
	0.732
	17 (6.9)
	0.578

	Not defined
	32 (1.8)
	25 (2.5)
	7 (1.3)
	
	0 (0)
	

	Hepatic failure
	256 (14.5)
	135 (13.5)
	84 (16.1)
	0.164
	37 (15.3)
	0.459

	Not defined
	44 (2.4)
	17 (1.7)
	22 (4.0)
	
	5 (2.0)
	

	Intestinal obstruction/sub-occlusion
	140 (7.9)
	67 (6.6)
	37 (7.0)
	0.767
	36 (14.6) 
	<.001

	Not defined
	31 (1.7)
	12 (1.2)
	19 (3.5)
	
	0 (0)
	

	Intracranial hypertension
	23 (1.3)
	13 (1.3)
	4 (0.7)
	0.326
	6 (2.4)
	0.181

	Not defined
	1 (0.1)
	1 (0.1)
	0 (0)
	
	0 (0)
	

	Icterus/Sub-icterus
	179 (9.9)
	106 (10.4)
	50 (9.2)
	0.450
	23 (9.3)
	0.614

	Karnofsky performance status ≤50
	1555 (86.5)
	839 (83.0)
	478 (88.5) 
	0.004
	238 (96.4) 
	<.001

	Not defined
	13 (0.7)
	9 (0.9)
	4 (0.7)
	
	0 (0)
	

	Medullar compression
	42 (2.3)
	25 (2.5)
	9 (1.7)
	0.308
	8 (3.2)
	0.495

	Not defined
	11 (0.6)
	6 (0.6)
	5 (0.9)
	
	0 (0)
	

	Metastasis, hepatic 
	642 (35.6)
	355 (35.0)
	209 (38.6)
	0.157
	78 (31.6)
	0.309

	Not defined
	9 (0.5)
	6 (0.6)
	3 (0.6)
	
	0 (0)
	

	Metastasis, brain 
	199 (11.0)
	104 (10.3)
	60 (11.0)
	0.645
	35 (14.3)
	0.073

	Not defined
	10 (0.6)
	8 (0.8)
	0 (0)
	
	2 (0.8)
	

	Metastasis, lung 
	632 (35.2)
	358 (35.4)
	207 (38.3)
	0.272
	67 (27.1) 
	0.013

	Not defined
	13 (0.7)
	10 (1.0)
	3 (0.6)
	
	0 (0)
	

	Metastasis, skin 
	94 (5.2)
	51 (5.0)
	27 (5.0)
	0.958
	16 (6.5)
	0.361

	Not defined
	5 (0.3)
	5 (0.5)
	0 (0)
	
	0 (0)
	

	Metastasis, peritoneal 
	368 (20.5)
	200 (19.8)
	102 (18.9)
	0.672
	66 (26.7) 
	0.017

	Not defined
	13 (0.7)
	9 (0.9)
	4 (0.7)
	
	0 (0)
	

	Myoclonus episode, last 7 days
	15 (0.8)
	6 (0.6)
	8 (1.5)
	0.078
	1 (0.4)
	0.727

	Oedema/Anasarca
	468 (25.9)
	251 (24.6)
	144 (26.6)
	0.385
	73 (29.6)
	0.110

	Not defined
	3 (0.2)
	0 (0)
	3 (0.6)
	
	0 (0)
	

	Ostomies
	145 (8.0)
	85 (8.3)
	36 (6.6)
	0.226
	24 (9.7)
	0.487

	Pain intensity ≥ 7, last 24 hours
	190 (11.0)
	107 (11.0)
	66 (12.5)
	0.359
	17 (7.3)
	0.101

	Not defined
	77 (4.3)
	44 (4.3)
	18 (3.3)
	
	15 (6.1)
	

	Paresis/motorial deficit, last 30 days
	81 (4.5)
	39 (3.8)
	19 (3.5)
	0.742
	23 (9.3) 
	<.001

	Permanent venous catheterization
	352 (19.4)
	189 (18.5)
	99 (18.2)
	0.872
	64 (25.9) 
	0.009

	Pleural spilling
	410 (22.7)
	221 (21.7)
	115 (21.3)
	0.843
	74 (30.0) 
	0.006

	Not defined
	7 (0.4)
	3 (0.3)
	4 (0.7)
	
	0 (0)
	

	Pneumothorax
	3 (0.2)
	0 (0)
	2 (0.4) 
	0.053
	1 (0.4) 
	0.042

	Not defined
	1 (0.1)
	1 (0.1)
	0 (0)
	
	0 (0)
	

	Profuse sweating
	70 (3.9)
	33 (3.2)
	25 (4.6)
	0.175
	12 (4.9)
	0.216

	Psychomotor agitation
	47 (2.6)
	25 (2.5)
	17 (3.1)
	0.425
	5 (2.0)
	0.692

	Not defined
	2 (0.1)
	0 (0)
	2 (0.4)
	
	0 (0)
	

	Rattle
	14 (0.8)
	9 (0.9)
	5 (0.9)
	0.939
	0 (0)
	0.138

	Not defined
	1 (0.1)
	0 (0)
	1 (0.2)
	
	0 (0)
	

	Renal failure
	237 (13.3)
	125 (12.4)
	79 (14.9)
	0.173
	33 (13.5)
	0.635

	Not defined
	28 (1.5)
	12 (1.2)
	13 (2.4)
	
	3 (1.2)
	

	Sleep-wake rhythm upset
	179 (9.9)
	87 (8.5)
	52 (9.6)
	0.489
	40 (16.2) 
	<.001

	Systolic pressure ≤ 100 mmHg 
	360 (20.3)
	201 (20.0)
	114 (21.5)
	0.504
	45 (18.7)
	0.637

	Not defined
	35 (1.9)
	16 (1.6)
	13 (2.4)
	
	6 (2.4)
	

	Urinary incontinence
	320 (17.7)
	148 (14.6)
	95 (17.5)
	0.133
	77 (31.4) 
	<.001

	Not defined
	6 (0.3)
	4 (0.4)
	0 (0)
	
	2 (0.8)
	

	Weight loss ≥ 5%, last 30 days
	950 (53.5)
	521 (51.7)
	272 (52.1)
	0.891
	157 (63.6) 
	<.001

	Not defined
	35 (1.9)
	13 (1.3)
	22 (4.0)
	
	0 (0)
	


ap-value for the difference between home care training set and hospice validation set. 

bp-value for the difference between home care training set and home care validation set. 

Supplementary Table 3. Coefficient estimates of the flexible parametric predictive model in 1020 cancer patients admitted to home palliative care and corresponding Stata command to derive patient’s survival.
	
	Coefficient estimate
	Standard error
	t
	P>|t|
	95% confidence interval

	xb 
	
	
	
	
	
	

	rattle
	1.588582
	0.3430742
	4.63
	0.000
	0.9161688
	2.260995

	liver_failure 
	0.7996024
	0.099996
	8.00
	0.000
	0.6035874
	0.9956175

	KPSrcs1
	-0.444475
	0.0485042
	-9.16
	0.000
	-0.5395416
	-0.3494084

	KPSrcs2
	-0.1648741
	0.0458016
	-3.60
	0.000
	-0.254644
	-0.0751042

	KPSrcs3
	-0.0839512
	0.0430364
	-1.95
	0.051
	-0.1683012
	0.0003988

	CARD3rcs1
	0.2356198
	0.0486802
	4.84
	0.000
	0.1402058
	0.3310338

	CARD3rcs2
	-0.0047388
	0.0486921
	-0.10
	0.922
	-0.1001755
	0.0906979

	CARD3rcs3
	0.0501538
	0.0495862
	1.01
	0.312
	-0.047034
	0.1473417

	anorexia
	0.3486101
	0.0837098
	4.16
	0.000
	0.1845415
	0.5126786

	anorexia#c.CARD3rcs1
	-0.0831161
	0.0729477
	-1.14
	0.255
	-0.2260944
	0.0598621

	anorexia #c.CARD3rcs2
	-0.0697203
	0.0737078
	-0.95
	0.344
	-0.2141948
	0.0747542

	anorexia #c.CARD3rcs3
	0.116474
	0.0764487
	1.52
	0.128
	-0.0333691
	0.266317

	 _rcs1
	1.565345
	0.0641841
	24.39
	0.000
	1.439546
	1.691143

	 _rcs2
	0.4196868
	0.0535434
	7.84
	0.000
	0.3147435
	0.5246301

	 _rcs3
	-0.0040948
	0.0228375
	-0.18
	0.858
	-0.0488555
	0.040666

	_rcs_anorexia 1
	-0.0556405
	0.0755713
	-0.74
	0.462
	-0.2037577
	0.0924767

	 _rcs_anorexia 2
	0.0287927
	0.0581367
	0.50
	0.620
	-0.0851533
	0.1427386

	 _rcs_KPSrcs11
	0.2315818
	0.0489116
	4.73
	0.000
	0.1357167
	0.327447

	 _rcs_KPSrcs12
	0.0448255
	0.0338539
	1.32
	0.185
	-0.021527
	0.111178

	 _rcs_KPSrcs21 
	0.1326573
	0.0444649
	2.98
	0.003
	0.0455076
	0.2198071

	 _rcs_KPSrcs22 
	0.0647959
	0.0302668
	2.14
	0.032
	0.0054741
	0.1241177

	 _rcs_KPSrcs31
	0.0831817
	0.0388212
	2.14
	0.032
	0.0070935
	0.1592699

	 _rcs_KPSrcs32 
	0.0190147
	0.0251135
	0.76
	0.449
	-0.030207
	0.0682364

	 _rcs_CARD3rcs11
	-0.0818873
	0.0346613
	-2.36
	0.018
	-0.1498236
	-0.013951

	 _rcs_CARD3rcs12
	-.0175336
	0.0248769
	-0.70
	0.481
	-0.0662927
	0.0312255

	 _rcs_CARD3rcs21
	0.0601646
	0.0290809
	2.07
	0.039
	0.0031647
	0.1171645

	 _rcs_CARD3rcs22
	0.0049591
	0.0224611
	0.22
	0.825
	-0.0390748
	0.0489931

	 _rcs_CARD3rcs31
	-0.053161
	0.0293135
	-1.81
	0.070
	-0.1106163
	0.0042943

	 _rcs_CARD3rcs32
	0.0130745
	0.0236027
	0.55
	0.580
	-0.0331935
	0.0593426

	 _cons
	-1.005176
	0.0602018
	-16.70
	0.000
	-1.123169
	-0.8871822

	dxb
	
	
	
	
	
	

	 _d_rcs1 
	1.565345
	0.0641841
	24.39
	0.000
	1.439546
	1.691143

	 _d_rcs2 
	0.4196868
	0.0535434
	7.84
	0.000
	0.3147435
	0.5246301

	 _d_rcs3 
	-0.0040948
	0.0228375
	-0.18
	0.858
	-0.0488555
	0.040666

	 _d_rcs_anorexia1 
	-0.0556405
	0.0755713
	-0.74
	0.462
	-0.2037577
	0.0924767

	 _d_rcs_anorexia2 
	0.0287927
	0.0581367
	0.50
	0.620
	-0.0851533
	0.1427386

	 _d_rcs_KPSrcs11 
	0.2315818
	0.0489116
	4.73
	0.000
	0.1357167
	0.327447

	 _d_rcs_KPSrcs12 
	0.0448255
	0.0338539
	1.32
	0.185
	-0.021527
	0.111178

	 _d_rcs_KPSrcs21 
	0.1326573
	0.0444649
	2.98
	0.003
	0.0455076
	0.2198071

	 _d_rcs_KPSrcs22 
	0.0647959
	0.0302668
	2.14
	0.032
	0.0054741
	0.1241177

	 _d_rcs_KPSrcs31 
	0.0831817
	0.0388212
	2.14
	0.032
	0.0070935
	0.1592699

	 _d_rcs_KPSrcs32 
	0.0190147
	0.0251135
	0.76
	0.449
	-0.030207
	0.0682364

	 _d_rcs_CARD3rcs11
	-0.0818873
	0.0346613
	-2.36
	0.018
	-0.1498236
	-0.013951

	 _d_rcs_CARD3rcs12 
	-0.0175336
	0.0248769
	-0.70
	0.481
	-0.0662927
	0.0312255

	 _d_rcs_CARD3rcs21 
	0.0601646
	0.0290809
	2.07
	0.039
	0.0031647
	0.1171645

	 _d_rcs_CARD3rcs22 
	0.0049591
	0.0224611
	0.22
	0.825
	-0.0390748
	0.0489931

	 _d_rcs_CARD3rcs31 
	-0.053161
	0.0293135
	-1.81
	0.070
	-0.1106163
	0.0042943

	 _d_rcs_CARD3rcs32 
	0.0130745
	0.0236027
	0.55
	0.580
	-0.0331935
	0.0593426

	Stata command

mi estimate, dots cmdok sav(mi_stpm2, replace): stpm2 rattle liver_failure KPSrcs1 KPSrcs2 KPSrcs3 CARD3rcs1 CARD3rcs2 CARD3rcs3 anorexia##c.CARD3rcs1 anorexia##c.CARD3rcs2 anorexia##c.CARD3rcs3, scale(hazard) df(3) tvc(anorexia KPSrcs1 KPSrcs2 KPSrcs3 CARD3rcs1 CARD3rcs2 CARD3rcs3 ) dftvc(2)




xb: linear predictor; KPSrcs1, KPSrcs2, KPSrcs3: values of the restricted cubic spline (rcs) functions for the Karnofsky performance status (KPS) predictor variable, with 4 knots at the 0, 33, 67, and 100 centiles (i.e., at KPS=20, 40, 50, and 80); CARD3rcs1, CARD3rcs2, CARD3rcs3: values of the rcs functions for the heart rate predictor variable, with 4 knots at the 0, 33, 67, and 100 centiles (i.e., at heart rate=25, 76, 86, and 140); #: interaction term; rcs1-rcs3: values of the rcs functions for the baseline hazard function, with 4 knots at the 0, 33, 67, and 100 centiles of the distribution of the uncensored log survival times (i.e., 0.5, 17, 46, 570 days); rcs1_xxx1-rcs_xxx2: values of the rcs functions for time dependent effect for anorexia, KPSrcs1-3, and CARD3rcs1, with 3 knots at the 0, 50 and 100 centiles of the uncensored log survival times (i.e., 0.5, 28, 570 days); cons: constant; dxb: derivative of linear predictor.
Supplementary Table 4. Projection matrices for the Karnofsky performance status (KPS) and heart rate returned by orthogonalization of generated spline variables.
	KPS
	
	
	
	

	
	c1
	c2
	c3
	c4

	r1
	10.814971
	-13609.304
	-12594.824
	0

	r2
	0
	4393.2
	5011.275
	0

	r3
	0
	0
	597.09368
	0

	r4
	45.335186
	-14374.229
	-12253.33
	1

	
	
	
	
	

	Heart rate
	
	
	
	

	
	c1
	c2
	c3
	c4

	r1
	14.207645
	-78578.503
	-71585.688
	0

	r2
	0
	22016.407
	22836.711
	0

	r3
	0
	0
	1651.0933
	0

	r4
	81.446803
	-114161.92
	-99092.219
	1


The “ortog” option of the “rcsgen” Stata command has been used to orthogonalize generated spline variables. 

Supplementary Figure 1. Survival probability curves for cancer patients admitted to palliative care included in the training and validation set.
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Supplementary Figure 2. Hazard ratios for overall survival among 1020 cancer patients admitted to home palliative care (training set) for (A) selected scores of Karnofsky performance status (KPS) versus score 20, (B) anorexia versus no anorexia stratified by selected heart rate levels, and (C) heart rate of 100 beats per minute (bpm) versus 60 bpm stratified by presence of anorexia.
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Supplementary Figure3 Calibration curves of the flexible parametric predictive model for overall survival among 544 cancer patients admitted to home palliative care at time 5, 15, 30, and 45 days.
[image: image3.emf]
The diagonal line denotes the line of perfect calibration. The density function denotes a non-parametric estimate of the distribution of predicted risk across the sample (right axis).

E50, E90: median and 90th percentile of the absolute difference between observed and predicted probabilities. ICI: integrated calibration index.
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Supplementary Figure 4 . Receiver operating characteristic curves for the flexible parametric predictive model among 247 cancer patients admitted to hospice.
AUC: area under the curve; 95% CI: 95% confidence interval.
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