Supplementary Materials

In the following sections we present detailed information about the derivations for the tree-
ensemble models, perform a simulation study comparing the proposed models with other survival
models, and discuss convergence and computational time for our proposed models. In addition, we
present additional findings for the application of the tree-ensemble models to the breast cancer and

brain tumor data sets.

1 Model derivation

We denote the observed data for the ith patient (i = 1,...,n) as t;, the survival time, along with
0;, the event indicator function, where §; = 0 if the data are right censored and §; = 1 if they are
not. In addition to the survival response, the p-dimensional vector of the covariates (genes/probes)
potentially associated with the ith patient survival time, X;, is also available. Let t = (¢1,...,%,)
denote the vector of the survival times and let X,,,, denote the matrix of the gene expression data.
In the following sections, we develop the survival distribution, which aids to predict the survival
time of a new patient with covariates Xpew.

Modeling the survival data usually proceeds in two steps: (1) specification of a sampling dis-
tribution p(t|f(X)), conditional on a function of the covariates f(X), such as modeling either the
hazard function (as in CPH models) or directly modeling the survival time (as in Weibull and AFT
models) and (2) specification of the regression function f(X), which models the covariate effects.
For computational convenience, the covariates are usually assumed to be linear and independently
related to survival, such that f(X) = X’ where § is a vector of p unknown regression coefficients
that captures the covariate effects on the survival time or hazard. There are two drawbacks to this
approach. First, the linear and independent assumption is a restrictive one. Second, and more
importantly, in high-throughput studies such as those based on gene expression data, the problem
becomes much more complex when p, the dimension of X, is very large, possibly larger than the
sample size n. This makes the estimation of 5 unstable and exacerbates the high-dimensionality
problem if interactions between covariates are considered. Dimension reduction approaches such as
feature selection or partial least squares methods alleviate this problem to a certain degree. However,
these methods are based on a linear relationship between the response and the covariate, which may
not be very realistic. If the actual f is nonlinear, these models may fail to produce a reasonable

prediction due to a lack of flexibility. We propose to model f(X) in a flexible manner using ensemble



methods that not only accommodate nonlinear effects but which also incorporate the interactions

of the covariates to estimate the effects on survival time.

1.1 CPH model

Let the joint conditional survival function of t in the CPH model can be written as

S((t)|w, A) = exp( - ZA(ti)exp(wi))

where A represents the cumulative hazard function. We then specify a Gamma process prior for
A, such that A ~ GP(aA*, a) where A* is the mean process and a is a weight parameter about the
mean with A(t) ~ Gamma (a/l* (1), a). The A vector can be integrated out such that the marginal

likelihood of w with some right censoring can be written as

95
L(thw) = eap( = 52 aWid (8)) TT (A" () W:)
where §; is the indicator for event, V; = ZleR(ti) exp(wy), i =1,...,n, R(t;) is the set of individuals
at risk at time ¢;, and W; = —log{1 — exp(w;)/(a + V;)}.
The full conditional is written as

pw|A, X, 02%,t,6) o exp( - i aWi/l*(ti)) ﬁ (a)\*(ti)Wi)gi

xea:p( — %(w — f(X))/I(w — f(X)))
o — > aWA*(t;) + d Y log(aX*(t)W;) + MVN(f(X), 021>

and the a M-H procedure is used to simulate the posterior distribution of w. The joint posterior

aA*
S(tlw) = <a+e§M)

survival function can be written as



1.2 Weibull model

The joint likelihood function for w and 7 in the Weibull model is given by
n 5 1-6;
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=72 5itiz 5”(7_1)6117( Z Ojwi — Z diexp(w;)t] — Z(l - 5¢)exp(wi)t17)
7, 1 z 1 =1
= At25 ir=1) exp(Z&ul Zexp (wi)t )
i=1
=7 exp(Z(Swl—&—Zd (7 — Dlog(t; Zempwl )
=1
:TAexp<Z(6wz+5(771 log(t; Zezp )

=1 i=1

L(r,w|X, t,0)

where A = >~ 4;. For convenience, we let § = log(7) and write the conditional distribution of

the vector of w’s as
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Since w;’s are conditionally independent, we conveniently draw their posterior distributions com-
ponentwise from
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Following, we also use M-H to draw the conditional of 6 from
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1.3 AFT model

We use a data augmentation approach to impute censored values in the AFT model. Let w be a
latent variable such that w; = f(X;) + €;, where €;’s are i.i.d. Normal(O7 02). The model can now

be expressed as

logitH) =a+w, if 6 =1
log(tf) >a+w; if 6 =0

After estimating w, we define r; = log(t}) —w; where [r|a, 0] ~ Normal(a, 0?). Now, we specify

a conjugate prior for o as [a] ~ Normal(a,,c), which makes the posterior distribution of « be an



updated normal
[a|r, 02, ap, ¢] ~ Normal(a*, o)

?agte(X Iril)

o2+4nc

co?

* __
and o* = P

where a* =

. Thus, the censored survival times (§; = 0) are sampled

from univariate normal distributions Normal(a + w;, 0?) truncated at log(t;).

2 Performance Assessment
2.1 Breast Cancer Data

We compared the performance of our method with other survival prediction methods tailored for
gene expression data as recently reviewed by van Wieringen et al., (2009) and other popular survival
methods. We used the breast cancer data set of Van’t Veer et al., (2002;
http://www.rii.com/publications/2002/vantveer.html), which contains gene expression profiles
for 295 breast cancer patients and 5,057 gene expression values, along with patient survival outcomes.
Around 73% of these observations are right censored. Patient age ranges from 26 to 53 years and
the percentage of patients with tumor grade 1 is 34%, grade II is 40%, and grade III is 26%. We
reapplied the “best” methods found by van Wieringen et al., (2009): multivariable linear CPH
model (CPH), Ll-penalized Cox regression (CPH-L1) of Tibshirani (1997), and the L2-penalized
Cox regression (CPH-L2) of Gui & Li (2005). We replicate the same setup used by van Wieringen
et al. (2009) to allow comparisons across studies, i.e., we use the multivariable linear CPH model,
in which the top 10 genes were obtained using a univariable Cox regression. In addition, we ran
a multivariable linear Weibull model, in which the top 10 most significant genes were obtained by
univariable Weibull models. We also used a multivariable linear AFT model, in which the top 10
genes were pre-selected by using a univariable AFT analysis. We also included conditional inference
tree ensemble methods as Bagging, Random Forest (Hothorn et al., 2006), and Survival Random
Forests (ntree = 2000; Ishwaran et al., 2008) as well as CoxBoost (Binder & Schumacher, 2009).
Bagging and Random Forest models were also studied by van Wieringen et al., (2009). Similarly to
van Wieringen et al. (2009), we used the top 200 most significant genes obtained by the underlying
univariable model to run our ensemble versions of the accelerated failure time model (AFT-TREE),
the Weibull model (WEI-TREE), and the CPH model (CPH-TREE). We used a long single chain of
K = 10,000 iterations for each survival model with a burn-in of the first 5,000 samples. In addition,

we ran several chains with different initial values and found that our results are robust to these



convergence checks. We repeated the cross-validation procedure 50 times with the data randomly
split into training and test sets in a 2:1 ratio and with the number of censored observations kept
balanced between training and test sets. We used the training set to build the predictor and then
used the test set to assess the performance of the competing methods. Table 1 summarizes our

results.

Table 1: Quartiles of the performance measures applied to the test sets of 50 random splits of
the breast cancer data. BS stands for Brier score, R? for coefficient of determination, and CI for

Concordance Index. The top 3 best methods in each performance measure are identified by an

asterisk.
Method BS(50%) BS(25%,75%) R2(50%) R2*(25%,75%) CL(50%) CI(25%,75%)
AFT 0.180 [0.121,0.226] 0.140 [0.042,0.212]  0.603*  [0.558,0.638]
WEI 0.163 [0.120,0.212] 0.145 [0.095,0.220] 0.583 [0.545,0.638]
CPH 0.169 [0.109,0.216] 0.152 [0.108,0.193] 0.586 [0.555,0.637]
CPH-L1 0.181 [0.121,0.238]  0.174*  [0.088,0.224] 0.582 [0.543,0.646]
CPH-L2 0.175 [0.116,0.211] 0.155 [0.092,0.206] 0.592 [0.552,0.644]
Bagging 0.165 [0.118,0.221]  0.155*  [0.083,0.236] 0.591 [0.541,0.626]
RF 0.188 [0.148,0.223]  0.156*  [0.084,0.223] 0.583 [0.542,0.627]
RSF 0.193 [0.135,0.226] 0.146 [0.081,0.229] 0.571 [0.535,0.615]
CoxBoost 0.162*  [0.107,0.198] 0.145 [0.056,0.211]  0.600*  [0.554,0.634]
AFT-TREE  0.158*  [0.106,0.205] 0.141 [0.084,0.213] 0.593 [0.548,0.633]
WEL-TREE  0.160%  [0.105,0.216] 0.136 [0.081,0.211] 0.582 [0.541,0.607]
CPH-TREE  0.164 [0.111,0.210] 0.119 [0.060,0.199]  0.598*  [0.557,0.647]

As stated previously, one of the advantages of ensemble methods is that they allow us to assess
the importance of each covariate for survival prediction using the relative frequency of occurrence.
Using an Bayesian FDR cutoff of 0.1, we found that a total of 9 variables were significant in the
CPH-TREE, 7 in the WEI-TREE, and 11 in the AFT-TREE (Table 2). One gene (BCL2) was
simultaneously listed for the AFT-TREE and the WEI-TREE. Genes identified by the models could
represent promising targets for further biological investigation. A search of the OMIM database
(http : [ /www.ncbi.nlm.nih.gov/omim/) confirmed that many of the genes have been reported to
be highly related to cancer development. For example, BCL2 is known to be one of the strongest
predictors of shorter overall survival among patients was also reported to be a prognostic marker for
breast cancer by Van’t Veer et al., (2002). Another example is the STK12 gene, which is located in
a region frequently deleted in tumors and which contains tumor-related genes such as p53 (Tatsuka

et al., 1998).



Table 2: Variable selection. Table shows the significant variables (FDR = 10%) for the CPH-
TREE, WEI-TREE, and AFT-TREE survival ensemble model. a indicates genes related to cancer

phenotype. b indicates genes related to breast cancer phenotype.

CPH-TREE WEI-TREE AFT-TREE
GenBank ID  Symbol GenBank ID  Symbol GenBank ID  Symbol
U96131 TRIP13 | AL049265 IL6ST® D43950 CCT5
AA453656 SUSD3 NMO000633 BCL2“ NMO005733 KIF20A“
NMO004217 STK12* | NM005689 ABCB6 NMO000633 BCL2*
NMO004456 EZH2¢ D25328 PFKP AL157502 RGS5¢
NM014865 NCAPD2 | NM017522 LRP8 Al810244 RILPL2
NMO006763 BTG2? NMO007057 ZWINT NM014272 ADAMTS7
AL137718 DIAPH3 | AB007916 RP11345P4.4 | NM003430 ZNF91
NMO014454 SESN14 NMO002808 PSMD2
NMO006460 HEXIM1 NMO014321 ORC6L
NMO004553 NDUFS6
NMO006399 BATF*

2.2 Brain Tumor Data

In this section, we show a summary of the results for the brain tumor data (Table 3).

Table 3: Quartiles of the performance measures applied to the test sets of 50 random splits of

the brain tumor data. BS stands for Brier score, R? for coefficient of determination, and CI for

Concordance Index. The top 3 best methods in each performance measure are are identified by an

asterisk.

Method BS(50%) BS(25%,75%) R2(50%) R2(25%,75%) CI(50%) CI(25%,75%)
AFT 0.116  [0.066,0.150]  0.203  [0.162,0.267]  0.615%  [0.571,0.669]
WEI 0.103*  [0.071,0.133]  0.178  [0.104,0.284]  0.609  [0.541,0.668]
CPH 0129  [0.101,0.167]  0.198  [0.092,0.268]  0.615  [0.562,0.661]
CPH-L1 0126  [0.077,0.172]  0.190  [0.080,0.295]  0.605  [0.574,0.642]
CPH-L2 0.111%*  [0.066,0.156]  0.192  [0.135,0.292]  0.594  [0.548,0.651]
Bagging 0.102%  [0.065,0.162]  0.193  [0.128,0.266]  0.601  [0.556,0.657]
RF 0.116  [0.086,0.140]  0.214%  [0.120,0.265]  0.614*  [0.543,0.673]
RSF 0123  [0.059,0.164] 0212  [0.129,0.279]  0.609  [0.551,0.664]
CoxBoost 0.119  [0.089,0.158]  0.218%  [0.132,0277]  0.602  [0.538,0.691]
AFT-TREE 0121  [0.069,0.154] 0212  [0.115,0.286]  0.618*  [0.576,0.671]
WELTREE ~ 0.113  [0.073,0.158]  0.180  [0.100,0.282]  0.608  [0.568,0.666]
CPH-TREE  0.130  [0.074,0.153]  0.218%  [0.102,0.287]  0.611  [0.549,0.669]




3 Simulation study

We simulated data using a slightly modified version from Chipman et al. (2010). Like those authors,
we used the Friedman’s Five Dimensional Test function to generate intricate interactions between
5 covariates. In addition to their strategy, however, we generated 20 more covariates ranging from
small to big linear effect sizes, thus a total of 25 relevant covariates. Specifically, the covariate
effects were constructed by simulating values of x = (x1,29,...,2p), where 21,22,...,2, are iid
Uniform(0, 3), and y given = where y = f(z) + € = 10sin(mz122) + 20(z3 — 0.5)% + 10x4 + 5x5 +
Oxe.... 25 + € where (3 is a vector of size 20 with values drawn from uniform U(—10, —1) and U(1, 10)
distributions and € is draw from a N(0,1). Because y only depends on z1,..., 225, the predictors
%26, ..,%p are irrelevant. These added variables together with the interactions and nonlinearities
make it more challenging to find f(z) by standard parametric methods. We used the generated
covariate effects y to obtain the log of survival times log(¢;) using AFT, Weibull, and CPH as
underlying survival models via the following identities: for AFT log(t;) = o+ y with a = 3, for
Weibull log(t;) = exp(exp((—log(U(0,1)) x exp(—y))/7))) where 7 = 10, and for CPH log(t;) =
exp(exp((—(1/A) x log(U(0,1)) x exp(—y))/7))) where A = 0.5 and 7 = 20 (Klein & Moeschberger,
1997).

We use the above setup with p = 200 and various sample sizes (30, 70, 100, 200) with different
proportions (20%,40%, 70%) of randomly censored observations at time ¢; ~ U(0,log(t;)). Thus
for each observation, we generate [z;, min(log(t;),log(c;)), d;], where d; is the event indicator. We
compare the performance of our 3 proposed methods (AFT-TREE, WEI-TREE, CPH-TREE), using
ntree = 20 and 5,000 MCMC draws of f(z) after skipping 5000 burn-in iterations, against 9 other
popular survival methods: multivariable linear AFT, Weibull, and Cox Prop Hazards models (AFT,
WEI, CPH), conditional inference tree models as Bagging, Random Forest (ntree = 100; Hothorn et
al., 2006), and Survival Random Forest (ntree = 2000; Ishwaran et al., 2008), L1 (A\; = 1; Tibshirani,
1997) and L2 (A = 30; Gui & Li, 2005) penalized version of Cox regression model (CPH-L1 and
CPH-L2) and CoxBoost (Binder & Schumacher, 2009). We simulated 50 different data sets for each
combination of sample size, proportion of censoring, and underlying model and then, we used 2/3
of the data to build the predictive model (training set) and applied the model and checked their
performances in the remaining 1/3 of data (test set). Censored observations were balanced in each

split. We assessed the performance of our method with 3 measures of predictive performance, the



Brier score (BS — Graf et al., 1999), the coefficient of determination (R?) for the predictor (see van
Wieringen et al., 2009), and the Concordance Index (CI) available in the Hmisc R-package.
Performance results from our simulation experiment are shown in Tables from 4 to 12 and are

summarized as follows:

1. The performance of our methods is sensitive to the choice of the underlying model used to
generate the data with CPH methods performing better when the data is generated by a Cox
model. This is also true for AFT and Weibull models.

2. Firstly, BS is the performance measure where our proposed models do better. Our method
appears quite often in the top 3 ranks along with CPH-L2 and CoxBoost methods. Secondly,
our method very frequently appears as top ranked in the CI along with the CPH-L2 and another
tree based model, Bagging. Finally, our methods rarely figure in the top 3 best methods when
using R? measure, however it is quite similar to the measures obtained for the top 3 models:

CPH-L1, CPH-L2, and CoxBoost.

3. For the BS, our method presents better performance when the percentage of censoring in-
creases. We did not notice any pattern with respect to censoring in the other 2 performance

measures.
4. Our proposed methods perform better in the BS and CI when the sample size is small.

5. We conclude that the simulation results fairly depict that our proposed procedures provide

better or at least equivalent fit to the data as compared to competing methods.

In addition, we assess how the models were able to perform variable selection (Tables 13 to 15).
Since there are 25 relevant covariates, we compared the top 25 most important covariates selected by
each model/split and calculated the average and 95% CI for the True Positive Rate. Specifically, we
used the p-value of univariate models to rank and then select the top covariates for the linear versions
of AFT, Weibull, and CPH model. For the CPH-L1, CPH-L2, and CoxBoost models we used the
absolute values of the estimated loadings (B) vector to rank and then select the top covariates. For
the previous 6 models, only covariates with /3’ # 0 were accounted for the TP calculation. Likewise,
for the tree-based models (Bagging, RF, RSF, AFT-TREE, WEI-TREE, CPH-TREE) we rank the

covariates based on their importance, i.e. relative frequencies of occurrence of a variable in the

final model and compare with the true relevant covariates. Since we tried to simulate microarray



data sets as realistic as possible, the data we generated is very noisy. This characteristic of the
data clearly affects the TPR based on the variable selection criteria that we used here because only
the covariates with very strong effects will be always selected every time the model is build and,
as a result, the best methods had maximums of TPR calculated at 55% (Tables 15, 16, 17). We

summarize our findings regarding variable selection as follows:

1. Our proposed method, especially the WEI-TREE version, is always top ranked as the method
with one of the highest TPR, along with CoxBoost and CPH-L2 methods. Although the AFT-
TREE and CPH-TREE version rarely figure in the top 3 variable selection methods, they

perform very well and can be considered strong competitors.

2. The TPR is usually higher for all evaluated method when the percentage of censored samples

is small.

3. We did not notice any clear pattern change with respect to number of samples or underlying

method used to generate the data.
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(%52 %Se)Sd sd (%52 %Se)sd sd (%5L%5e)Sd sd (%SL'%Se)sd sd (%CL'%S%T)sd sd (%SL%%e)sd sd (%o N
susseq g1ud) 11udp Teaurudp TedUITTIOM RUEL R

methods in each row are marked with an asterisk
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(R?) and inter-quartile region for data generated by the CPH

ion

t

ma

t of determ

Coefficien

Table 5

model. Top 3 methods in each row are marked with an asterisk.

[00g°0'zLE 0] ¥8G°0 [9z°0'8¢z°0] 6¥¢°0 [£62°0'¢LE°0] 082°0 [Lve0'7Be0] £9€€°0 (09%°0'¢€E 0] Sall] [11€°0'782°0] 00€°0 0L
[962°0°182°0] 6820 [rLe0'6v2 0] €920 | 68206920 8.0 | [88€°0°L1€0] +65€°0 [9€2°0212°0] €250 [£0€°0°592 0] a8°0 o
[862°0°89z°0] G8Z'0 [L82°0°652°0] €50 | 982706950 0820 | [68¢°0'ee 0] +19€°0 [122°0'€Ez 0] 28T0 [162°0°692 0] 0820 0z 00
[Fre0'v6z 0l 41T€0 | [S22°0°8ET 0] £92°0 [662°0'8L2°0] 7820 [82€°0'182°0] 90€°0 (055°0°L5E 0] 18570 [e1€°0'¢82°0] L6%°0 0L
(862°0°1L£2°0] 7860 [09z'0°cez 0] 6¥20 | [682°0'6vT 0l 9920 | [86€°0°02€ 0] £6€€°0 [812°0L22 0] 0720 [862°0'862 0] L9%°0 o
[Le€0°862°0] 61€°0 [0Lz09%2°0] 86z°0 | [082°0°99z0]  1.50 | [62€0°80€0] #61€°0 [8€2°0°952 0] 2€T0 [082°0°97Z 0] 6520 0z 001
[162°0°082°0] G8T'0 [e1€°0°092°0] 982°0 [86z°0'cLz’0] 98¢0 | [¥se0‘ces o] #GEE0 [8€2°0°082 0] 8220 [81€°0°282°0] 6620 0L
[80€°0282°0] 962°0 [0£2°0°072°0] 1620 | [ege0'09g0] 2620 | [$6€70'862°0) #C1€°0 [1e2°0'¢22 0] 9¢2°0 [20€°0PL2 0] 620 or
[11€°06L2°0] 0620 loLz0'8gz0] #9200 | [FO£0°08¢°0] €620 | [62€°0°T0E 0] #L1€°0 [6£2°0'802°0] ¥26°0 [60£°0°982°0] G620 0z 0L
[762°0°082°0] 18270 [99z°0‘cv2"0] $52°0 [162°0°c9z'0] 6220 | [1¥€0'C1E 0] #82€°0 [HeraliX ) €ve 0 [61€°0°282 0] 10€°0 0L
[862°0°L2°0] €82°0 [8L2°0°L82°0] 1920 | [eoe0'tLz0]  ¥820 | [FPE0'01€°0) #GEE0 [092°0°£€2°0] 8750 [262°0°952°0] 992°0 114
[90€°0°8L2°0] 0620 [822°092°0] 89z°0 | 86207,z 0]  €8%0 | [pee0'61e 0] #LTE0 [292°0°L5E 0] 8€T°0 [#62°0°6.2 0] G870 0z 0%
(%8L%GT) T H (%CL'%ST) 4 H (%GL%SGT) H (%SL°%58) A A (%SL°%5T) & (%SL°%ST) 0 M (%o N
a1 ydp 001 oM QoI YV 3800g%0)) sy a4
[e70°0620°0] 9200 | [09€°0°22€0]  4TPE0 | [8EE0TIE0]  422€0 | [LTT0°G60°0] £0T°0 [£20°0°G00°0] z10°0 [620°0°970°0] 950°0 0L
[950°07£0°0] L300 [91€°0°LLT0] €650 | [02€°0°G8T°0]  «20€0 | [£60°0°7S0°0] LLO°0 (50706000 6100 [L10°0210°0] 7€0°0 o
[650°0°820°0] 13070 [coe08Le0] %2820 | [0se'0'9ze0]  «PeE0 | [121°0°280°0] 601°0 [#20°0°900°0] $10°0 [670°0°510°0] 820°0 0z 00T
[980°0'2€0°0] 9200 | [9T€0°965°0]  £60€°0 | [95€0°GTE 0] cee’0 | [pe1°0'901°0] 1210 [£20°0°£00°0] €100 [960°0°210°0] 920°0 0
[0£0°0°270°0] 920°0 [ere0cee0]  «qee0 | [ePe0'eTe0]  «L2€0 | [£60°0°6L0°0] 880°0 [¥20°0°800°0] 6100 (5207065070 290°0 or
[#L0°0°820°0] G500 [pLeocreol  wLpe0 | [688°0°L1€°0]  «82€0 | [#60°0°TS0°0] zL00 [210°0°500°0] 800°0 [990°0°70°0] L50°0 0z 001
[050°0°2€0°0) o0 | [62€0°T1€°0] 41280 | [pe€0'60€°0]  40€0 | [€01°0°680°0] 960°0 [970°0°700°0] 2000 [020°0°0T0°0] 920°0 0
[050°0°£20°0] 0700 [pee0'ere0]l  «bee0 | [88£°0°Cee 0] «I€€°0 | [00T°0°T80°0] 060°0 (510706000 6000 [790°0870°0] 960°0 or
[#50°0°0€0°0] 9200 [82€0°962°0]  «60€°0 | [61£°0T62°0]  «80£°0 | [8L0°0G50°0] G90°0 [160°0°200°0] 2e0°0 [650°0°6£0°0] 8700 0z 0L
(190°0'6£0°0]  @e0'0 | [Seg0°2080]  «0T€0 | [egE0TEE 0] «6£€°0 | [980°0°C50°0] 990°0 [570°0°PT0°0] 0£0°0 [780°0°280°0] £L0°0 0L
[ar070'c10°0] L300 [eze0'00e0]  480€°0 | [9gg'0'0TE0]  «L2E0 | [20T0°G50°0] 6L0°0 [£20°0°600°0] 110°0 [1¢0°0°£10°0] €200 o
[8L0°0°250°0] 690°0 [eee021e0] w2280 | [62€°0620°0] L6830 | [FOT0°640°0] £60°0 [120°0°200°0] £10°0 [160°0°€50°0] Ge0°0 0z 0¢
(%8L'%ST) 4 M (%SL'%%T) 4 M (%82°%52) 4 M (%82°%52) & (%SL'%5e) M (%CL'%ST) o & (%D N
sursseq g1ud) 119dD reaurudp TeIUITTIOA TeDUITYY
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Concordance index(CI) and inter-quartile region for data generated by the CPH model.

Table 6

Top 3 methods in each row are marked with an asterisk.

[1020°699°0]  «889°0 | [c29°0°¢€9'0] 6790 | [009°0°F785°0]  ¥6¢°0 | [929°0°T09°0] 119°0 [895°0°07S°0] G850 (829°0°6LS°0] 909°0 0L
[869°0299°0]  x289°0 | [299°0'9¢9°0]  «9¥9°0 | [s19°0°285°0] 0090 | [809°0°28¢0] L6570 [709°0G95°0] 1150 [069°0°965°0] 0190 o
[9690°62L9°0]  «¥89°0 | [F¥9°0°009°0] 1290 | [e19°0°T65°0] 0090 | [L25°0°T9S0] 6950 (665°0°945°0] 0650 (£29°0°0€9°0] «079°0 0z 00T
[802°0°689°0]  x004'0 | [629°0°509°0] 2190 | [1T9°0°08¢°0] 6650 | [865°0°08¢0] 6850 [6L8°0°CTS 0] 15570 [2£9°0°865°0] 209°0 0L
[120°689°0] %020 | [229°0°TF9°0] 42890 | [L09°0°98¢°0]  96¢°0 | [509°0%8¢0] 168°0 [109°0°085°0] 986°0 [619°0G8S°0] 668°0 o
[689°0°699°0]  xGL9°0 | [Lz90‘s8c0] 2090 | [£09°0°z8¢0] 1650 | [F19°0°88¢0] 109°0 [119°0€85°0] 765°0 [8€9°0°€85°0] L09°0 0z 00T
[60L°0789°0] 46690 | [1€9°0'9T9°0]  ¥29°0 | [S1900°¢8¢0) 6690 | [229°0°009°0] 609°0 [685°0°CLS°0] 7860 [££9°0°609°0] €29°0 0L
[12L0°L69°0] <1120 | [Lz90‘oto0] 6190 | [029°0°009°0] 6090 | [c€9°0°¢8¢0] 009°0 [886°0°TGS 0] 1960 [769°0265°0] €19°0 o
7020699701  «889°0 | [9€9°0°c6c°0]  ©z90 | [029°0°965°0] 8090 | [F09°0°89¢°0] L850 [165°0°625°0] €850 (2£9°0°609°0] £29°0 0z 0L
[889°0799°0]  4FL9°0 | [299°0'zc90]  9€9°0 | [8€9°0°809°0) G290 | [809°0°065 0] 6650 [985°0°€5S°0] 996°0 [029°0°T09°0] z19°0 0L
[989°0°0L9°0] 48,970 | [999°0°0£9°0]  4¢¥9°0 | [F19°0°965°0) G090 | [16¢°0°0.5°0] 6150 [686°0'F5S 0] 894°0 (639°0°609°0] 2290 o
[80L0799°0]  «189°0 | [0¥9°0°T09°0] 2190 | [g29:0°€09'0] 2190 | [985°0°99¢°0] GLS0 [209°078¢°0] 2650 (129°0°819°0] 879°0 0z 0%
(%SL' %) 1D D (%SL%GT)ID i) (%SL'%ST) 1D D (%CL%GT)ID i) (%SL°%ST)ID D (%SL°%ST)ID jio) (%0 N
o1 dp RITOM Q1LY 3s00gX0D) sy Gl
[€99°07€9°0]  4€99°0 | [66¢°0°T26°0] 98¢0 | [16970°699°0)  4089°0 | [19G°0°F€S 0] 6750 [929°0°009°0] z19°0 [£09°0°28¢°0] 165°0 0L
[929°0°L09°0] 9190 | [128°0°¢Pe0] 8950 | [029°0°€99°0] 42990 | [8€5°0°9TC 0] 925°0 [009°0°T8S°0] 165 [069°0765°0] 7090 o
[679°0°929°0] L£9°0 [09g0°ceg0]  SPS0 | [989°0'629°0]  «099°0 | [1¥S0F5S 0] 6250 (629°0°209°0] £19°0 [629°0°009°0] 019°0 0z 00G
[889'0°'669°0]  4699°0 | [€9¢°0FFG0] 9SO | [96970°299°0)  «189°0 | [¢2g0°90¢ 0] €150 [1€9°0265°0] 609°0 [009°0°625°0] 0650 0L
[699°0°229°0] 8690 | [99¢°0°TFG0]  99G°0 | [2120°029°0]  «€69°0 | [£29°0°8£S0] 8750 [£09°0€85°0] 2650 [509°0G8¢°0] 864°0 o
(669072901 «P€90 | [e850°09¢°0] €260 | [289°0°8F9°0] 41990 | [8¥S0°TIC0] 1€5°0 [#09°0°185°0] 16570 [679°0'%65°0] 219°0 0z 00T
[629'0°229°0) 41790 | [062°0°T95°0] 6990 | [069°0°899°0)  4629°0 | [69G°0°0%S 0] 166°0 [765°0°045°0] 086°0 [£09°0°€85°0] 2690 0L
[6L9°0°929°0] <6790 | [FP9g0‘6ec0]  09G0 | [929°0°69°0] 0990 | [Pes0‘61¢0] 7€5°0 [509°06.5°0] €650 [7£9°0'G19°0] 2290 o
[979°0°929°0]  «6€9°0 | [609°0°T9¢°0]  @8¢'0 | [62970°669°0] 4990 | [¥eg0‘LeC 0] GFe 0 [009°0°€95°0] 185°0 [619°0°CL8°0] 985°0 0z 0L
[099'0'9€9°0] 49790 | [29¢°0°'6PG0] 0990 | [2gL0°899°0) 42690 | [S2G0°09S°0] £95°0 [5£9°088¢°0] 119°0 (2650°29°0] €86°0 0L
[8€90°¢T9°0] 9290 | [FP9g0'oreo]  6gc0 | [899°0°TF9°0] 46590 | [099°0°TFS 0] 6750 [119°0°285°0] 109°0 [£€9°068¢°0] P19°0 o
[PL9°0°cP9°0]  «€99°0 | [L6S0°sFS0] 9950 | [62970°669°0] 42990 | [LPS0‘ceCO] 0%S°0 [209°0285°0] 165°0 [£09°0°625°0] 685°0 0z 0%
(%52 %) 1D 0 (%SL%GT)ID o) (%SL'%Se) 1D i) (%SL%ST)ID o) (%CL'%ST)ID j1o) (%CL'%ST)ID 0 (%0 N
susseq gTudd 119dD reaurudy TeIUITTIOM TeoUlTHY
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(BS) and inter-quartile region for data generated by the Weibull model. Top 3

1er score

Br
methods in each row are marked with an asterisk

Table 7

[LeTo'sTT0] 821°0 [Per'0'e0T°0]  «PIT0 | [631°0°S0T 0] 8TT°0 [ooT"0°c20°0] #680°0 [691°0°0€1°0] T81°0 [SPT0PTT 0] 1€T°0 0L
[Frroerrol 1€1°0 [6TT°0°¢60°0] 80T°0 [evT0'61T°0]  €€1°0 | [€11°0°060°0] «10T°0 [8eT°0°TET 0] 0¥1T°0 [271°0°801°0] 0€T°0 o
[FIT0°00T°0]  4501°0 | [#80°0'650°0]  %€20°0 | [0€1°0°980°0]  60T°0 | [STT°0°001°0] #LOT°0 [e61°0°851°0] €LT0 [TL1°0°611°0] ZrTo 0z 002
[96T°0'T5T 0] £P1°0 [60T°0°880°0]  4gOT0 | [TTT°0°8L0°0] %6070 | [STT'0°G60°0] +€0T°0 [6sT°0°28T°0] 0ST°0 (62T°0°0TT 0] €310 0L
[gero'901°0]  4911°0 | [981°0°880°0] LIT°0 [o¥T0'9TT°0]  91°0 | [211°0°880°0] «10T°0 [91°0'831°0] 2ST0 (98T 0CET 0] 44N} o
[egTr0'cet 0] 8ET°0 [#80°0°090°0]  %GL0°0 | [061°0°G20°0] %1600 | [1&1°0°980°0] 80T°0 [89T°0°2¥1°0] 181°0 [FP1°0°811°0] 1€1°0 0z 001
[7L1°0660°0] 8ET°0 [cz10°T0T°0] 46110 | [Fe1°0'660°0] €110 | [281°0°201°0] Q1T [09T°0°01T°0] 9eT'0 [GET0'FTT0] £e10 0L
[F11°0°260°0] 4010 | [680°0°260°0]  %2L0'0 | [eeT0°60T0]  @er’0 | [$61°0°¢60°0) «P0T°0 [8LT0'81T°0] 0¥T°0 [0¥T°0°911°0] 9210 o
[egT0'ce1 0] 0F1°0 [#60°0°€50°0]  %8L0°0 | [1PT°0'80T°0]  911°0 | [8&1°0°201°0] 8IT°0 [F61°0CLT°0] P80 [521°0°901°0] «C11°0 0z 0L
[061°0°6L0°0) 66070 [760°07G0°0] L2000 | [6€T0°'GTT'0]  LgT'0 | [T0T°0°080°0) «160°0 [09T°0°L€T°0] €410 [cST°0°L2T 0] 0vT0 0L
logT'0'2T1°0] 0510 [080°0°090°0] 9900 | [9¢1°0°TIT0]  TET0 | [01T'0°C60°0] #60T°0 [L8T0°T9T°0] eLT0 [6£T°0°TT1°0] €ET0 0¥
[60T°07£0°0] 660°0 [860°0°€20°0] %6800 | [SgT0'FP60°0] 110 | [91°0'%60°0] T11°0 [181°0°091°0] 1LT°0 [T11°0°980°0] %8600 0z 0%
(%62 %Se)Sd sq (%5L'%Se)sd sd (%sL'%se)sd s | (%8L'%Se)sd sd (%CL'%ST)sd sd (%52°%52)sd sd (%0 N
a1 qd) 001 IO 001V 3800gX0)) sy J49
[eLT0ceT 0] arTo [760°0°€90°0] %800 | [9¥T°0'PGT°0]  8€1°0 | [6VT°0°0£1°0] ZrT0 [6vT0ceT 0] ZrTo [09T°0°CF1°0] 6710 0L
[9TT°0°T60°0]  4€0T°0 | [80T°0°CLO0] 46800 | [ger0'0TT0]  Ter'0 | [6S1°0°260°0) 2eT0 ool AN} [28T°0°TST°0] 9910 o
[0€T°0°T60°0] 0110 [21T°0°€60°0] 8010 [eeT'0o'zIT0]  ger0 | [0L1°0'9€T°0] 9810 [Lororerol 9710 [seT°0'6£1°0] 8FT°0 0z 00g
[921°0°660°0] eIro (€21°0°001°0] GIT'0 [evT0‘021°0)  FET0 | [SPT°0°601°0] 2eT0 [porT0Tv1°0] 2810 [6VT°0°GTT°0] 0€T°0 0L
[961°0G0T°0] 1o [921°0'¢600] 48010 | [pPT0'2gT0]  S€1°0 | [6L1°0'6¥T°0) 9GT°0 [16T°0°'2€T°0] 071°0 [291°0'62T°0] SrT0 or
[2e10°860°0] 0z1°0 (021022000 «¥0T0 | [26T°0°TIT°0] €310 | [6€1°0°611°0] 0€T°0 [98T0°T¥1°0] GoT'0 [8GT°0°201°0] 1€1°0 0z 00T
lorT0c1T0] L21°0 [0TT0°680°0]  %260°0 | [61T°0°060°0] %9010 | [8ST°0°6G1°0] 910 [68T°0%€T1°0] 6¥1°0 [6VT°0°0TT°0] 9210 0L
[2eT0T01°0] GIT0 [L2T°0'T0T 0] zI1o0 [FeroFer0l 2610 | [0L1°0°6%1°0] 65T°0 [LeT0'geT 0] 8210 [681°0°091°0] 9LT0 0¥
[erT001T°0] Al [€0T°0°080°0]  %€60°0 | [0€T°0°20T°0]  211°0 | [9GT°0°T#T°0] 6710 [LeTo9tT°0] 8210 [5L1°0°081°0] 6510 0z 0L
[geT02L1T°0] L21°0 (960°0°€L0°0]  «¥80°0 | [FPT0‘OTT'0] 010 | [FL1°0°2ST°0] 091°0 [pr1oT01°0] 621°0 [£8T°0°871°0] 191°0 0L
[epT'0'c0T°0] Te10 [0T°0°G90°0]  «T80°0 | [TGT°0°00T 0] 0110 [LeT0'ceT 0] 9F1°0 [991°0°cF1°0] €310 [69T°0°9FT°0] 9¢T°0 117
[c01°0'890°0]  %G80°0 | [FET'0'€OT'0]  FITO [ez1°0'280°0] 8010 | [0ST'0°860°0] qTI0 [L81°0°cE1°0] 2ST0 [8ST°0°G71°0] 1610 0z 0g
(%52 %Se)Sd sd (%52 %Se)sd sd (%5L%5e)Sd sd (%SL'%Se)sd sd (%CL'%S%T)sd sd (%SL%%e)sd sd (%o N
susseq g1ud) 11udp Teaurudp TedUITTIOM RUEL R
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(R?) and inter-quartile region for data generated by the Weibull

ion

inat

Coefficient of determ

Table 8

model. Top 3 methods in each row are marked with an asterisk.

[7Lz°0'252°0] 7920 [oze 0'92z°0] 1650 [00£°0'7L2°0] 682°0 [ove0'zae0] «0€€°0 (9620 L5E 0] siall} [6LT0'€5E 0] 7920 0L
[992°0°052°0] 092°0 [tee0'ote0]l  «0ge0 | [P8G0°csc0l €250 | [6£€0TIE 0] Merd 0] [0€2°0°902°0] ¥12°0 [682°0°€5E 0] 7280 114
[eLz0'952°0] £92°0 [roe0°8L2°0] €650 | 98€°0'¢9z0] 9650 | [1ve0TIE 0] #8080 [e€2°0'€1E°0] 122°0 [082°0°652°0] xall 0z 00T
[v9z°0'682°0] 8¥¢'0 [eze0'v0g0] 11€°0 [182°0'L¥Z 0] 892°0 [oge 0'T0E0] «61€°0 (0250772 0] 6520 (923°0'2SE 0] 19¢°0 0L
(652°0°622°0] 1¥G0 [e1€°0°292°0] 1620 | [oog0'esz0] €620 | [se€0'61€°0) #82€°0 Pizakasall) e 0 [#82°0'792 0] V.30 o
[eLz0'crz 0] 182°0 [Lzeocog0]l w2160 | [06z°0°cs0] 050 | [#9€0F0E 0] +7TE0 [e72°0°912°0] 1€2°0 [£82°0'FFE 0] 6520 0z 001
[19z°0°¢12°0] iazd} [Fre06620]  «61€°0 | [81€°0°922°0]  ¥620 | [££€°0°662°0] 8T€°0 [£22°0°T0Z 0] 11270 [182°0°252 0] x4l 0L
(862°0°612°0] 9¢2°0 [og0'vsz0] 620 | [082°029%0]  1LT0 | [eve0'siEo] #L3€°0 [L¥2'0‘112°0] 8230 [z1€°0'GLe 0] 620 or
[eLz 0672 0] 2920 [10£0°¢82°0] €650 | [e1e0'06z0] 1080 | [gee0cieo) #12€°0 [£€2°0°661°0] L1570 [962°0°122°0] z8%°0 0z 0L
[LLT0'CEz 0] 1720 x4l 882°0 [00e'0'FLz'0] 9820 | [L¥E0'Leso] £9£€°0 [8£2°0°062°0] 0920 [862°0°€9Z 0] 182°0 0L
[29z°0°672°0] 92°0 [ege0'T080]  «02€0 | [682°0°GeT 0] €9z0 | [LPE0's1E0] +0€€°0 [8¢2°0'8¢2°0] 1¥E°0 [00€°0282°0] 062°0 o
izl sl 1720 [cze0'862°0] G0e0 | [26T°0°1L80] 9820 | [¥2€0°665°0] #60€°0 (£92°0°982 0] 9720 [£0€°0°€8Z 0] G620 0z 0%
(%8L%GT) T H (%CL'%ST) 4 H (%GL%SGT) H (%SL°%58) A A (%SL°%5T) & (%SL°%ST) 0 M (%o N
a1 ydp 001 oM QoI YV 3800g%0)) sy a4
[290°0°0g00] 2700 | [pE0‘0TE 0]  «€T€0 | [OPEOTTIE0]  £2T€0 | [L60°0°990°0] 6L0°0 [££0°0°600°0] 8100 [520°0°670°0] 1500 0L
[e70°0810°0] 0£0°0 [Lee0'86T°0]  €1€0 | [6V€0Fee 0]  «0P€0 | [9TT0°00T°0] LOT°0 [¥20°0°600°0] $10°0 (690704700 860°0 o
[180°0°¢10°0] 1£0°0 [0ze 086201 %2080 | [19€°0'61€°0]  «9PE°0 | [080°0°€50°0] 1200 [610°0°500°0] 1100 [6£0°0°600°0] 810°0 0z 00T
[Fe0'0'8€0°0]  LP0°0 | [998°0°TEE0]  4TPE0 | [0PE0°962°0]  «ge€0 | [T1T0°680°0] 00T°0 [220°0°G00°0] 0100 [0£0°0°220°0] §70°0 0
[6L0°0°2€0°0] ¥50°0 [8Pe0cee0]  «Ge€0 | [268°0°0€€°0]  «€FE0 | [860°0990°0] 8L0°0 [870°0°800°0] 13070 [690°0°150°0] 680°0 or
[#90°0°020°0] Sr0°0 [62€060¢°0] 91€'0 | [0s€'0'cee0] 496670 | [10T°0°€80°0] 760°0 [220°0°L00°0] 810°0 [#90°0°€70°0] 950°0 0z 001
(160°0°'020°0]  6£0°0 | [07€0°Tze0]  4T€€0 | [19€°0°S2e’0]  «0P€0 | [S60°0°640°0] 180°0 [210°0°700°0] 6000 [720°0°280°0] 190°0 0
[670°0720°0) 820°0 [Lee0'cee0]  «08€0 | [IPE0Tee 0]  «€€€°0 | [611°0°260°0] 90T°0 (9807021070 £20°0 (970702000 0€0°0 or
[£20°0°050°0] 090°0 loge0cae0]l  «1Pe0 | [2€0'208°0]  «STE€0 | [FOT0°880°0] G60°0 [510°0'700°0] 600°0 [£90°0°6£0°0] 8700 0z 0L
77009200 2800 | [eec0'TTE0]  «FTE0 | [LE€OTTE0]  £92€0 | [€0T'0°080°0] 680°0 [220°0°800°0] €100 [570°0°L10°0] 1€0°0 0L
(29070°950°0] £90°0 [02€°0°86T°0]  L0€0 | [FE€0°G6T0]  L0€0 | [LOT0°680°0] 660°0 (980702000 1070 (620709700 190°0 114
[290°0°210°0] 1£0°0 [gpe09ze0] 49880 | [96£°0°862°0]  «@Te0 | [11T°0°280°0] L60°0 [#20°0°010°0] 810°0 [070°0°€50°0] z€0°0 0z 0%
(%8L'%ST) 4 M (%SL'%%T) 4 M (%82°%52) 4 M (%82°%52) & (%SL'%5e) M (%CL'%ST) o & (%D N
sursseq g1ud) 119dD reaurudp TeIUITTIOA TeDUITYY
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Concordance index (CI) and inter-quartile region for data generated by the Weibull model.

Table 9

Top 3 methods in each row are marked with an asterisk.

[029°0°009°0] L09°0 [189°0°229°0]  48€9°0 | [965°0'ce¢0] P80 | [F19°0°68S0] 109°0 [e8¢°0°L£5°0] G950 (229°0°219°0] 619°0 0L
[eeoo'et90l  2e90 | loggo‘oecol 2190 | [e€9:0°€09°0] 0290 | [119°0°82¢°0] £65°0 [009°0G85°0] 1850 [6£9°0°209°0] €290 o
[£59:0°929°0] 9£9°0 [689°0°629°0]  «GP9°0 | [309°0°08¢°0] 1650 | [809°0'F8S 0] 6650 [1£9°0865°0] 029°0 [629°0°L19°0] 6£9°0 0z 00G
[259:0°619°0] 1£9°0 [679:0°0€9°0]  x9£9°0 | [829°0'28¢°0]  §19°0 | [009°0°28S 0] 2650 [£65°0°895°0] 6,50 (679°0°T19°0] 0£9°0 0L
[er90'ce9 0]  «P€90 | [FP90FTO0] 0890 | [829°0°009°0]  F19°0 | [L29°0°009°0] L19°0 [765°0GrS 0] 89°0 [c£9°0'€19°0] 7290 o
[099°0°T€9°0] <9790 | [979°0°209°0]  Gzo'0 | [9¥9°0°6T9°0]  ¥E90 | [L09°0°€6S0] 009°0 [925°0°25S°0] 2950 [879°0°219°0] £9£9°0 0z 001
[299°0°'€€9°0] 41990 | [6€9°0°'6T9°0] 9290 | [Fg90'68¢0) 2090 | [£1970°965°0] 709°0 [879°0°T8¢°0] 209°0 [879°0°0T9°0] €90 0L
[259°0°009°0]  «929°0 | [129°0°c6¢°0] 9090 | [8¥9°0°T09°0] 6190 | [009°0°cLE0] 886°0 [185°0°095°0] TLS0 [169°0°c09°0] P19°0 o
[679°0°029°0]  %G€9°0 | [8S9°0F19°0] 49790 | [G19°0°8PC°0] 6280 | [F£9°0°965°0] G19°0 (285°0°855°0] 9250 [#29°0°965°0] €19°0 0z 0L
[079°0F729°0] 40690 | [2€9°0F719°0] 2290 | [819°0°€09°0) 1190 | [9¥9°0°c650] £29°0 [£65°0°69¢°0] £€86°0 [779°0°909°0] 629°0 0L
[eg90'1€9°0]  «PF90 | [1€9°0°019°0]  ¥290 | [109°0°926°0] 2850 | [L£9°0°809°0] 929°0 [FL8°0°G7C 0] 2980 [839°0°109°0] 819°0 o
[929:0°009°0] 919°0 [289°0°2€9°0]  %979°0 | [919°0°T09°0] 0190 | [F09°0'F8S0] 7650 [685°0295°0] 72570 (1£9°0°819°0] £29°0 0z 0%
(%SL°%ST)TD D (%SL%GT)ID i) (%SL°%ST)TD D (%CL%GT)ID i) (%SL°%ST)ID D (%SL°%ST)ID jio) (%0 N
o1 dp RITOM Q1LY 3800gX0)) sy Gl
[2e9°0729°0] 40790 | [909°0°299°0]  63¢°0 | [869°0°099°0) 6290 | [09G0‘9€S 0] 420 [765°0°29¢°0] 8160 [579°0€8¢°0] 864°0 0L
[969°0°L19°0] %6290 | [g6S0°29¢°0]  8L8°0 | [99°0°079°0] 4590 | [095°0°88C 0] 8750 [219°0'%85°0] L6 [765°0'99¢°0] €86°0 o
[1290°269°0]  x999°0 | [e650'86c°0] €260 | [089°0°€29°0]  «¢¥9°0 | [0€5°0°90¢0] 2180 [#19°0°685°0] 9650 (££9°0°619°0] 929°0 0z 00G
[€L9°07€9°0] 42990 | [68¢°0'695°0] LSO | [€89°0°¢¥9°0] 49990 | [8260°¢GS 0] 7950 [129°0°265°0] 609°0 [285°0°09¢°0] 9,60 0L
[979°0°829°0]  «8€9°0 | [L8¢°0°89¢0] 1860 | [089°0°919°0] 49790 | [£25°0°6£¢0] £96°0 [869°0709°0] 129°0 [£09°0°655°0] 185°0 o
[££9°0°209°0] L39°0 [eeg00eg0]l  gPS0 | [022°0°289°0]  «889°0 | [¢9¢°0'€eS 0] aFe 0 (6£9°0°509°0] 029°0 [029°0°2L09°0] 929°0 0z 00T
[6£9°0°€T9°0] €90 | 1962°0'ce50] 6,60 | [12900°689°0) 49990 | [e¥g0CICO] 7250 [609°0°2£8¢°0] 1650 [965°0°c25°0] 1850 0L
979022901 «Pe90 | [e0°28c0]  gpe0 | [62970°699°0]  4GL9°0 | [L95°0°8FC O] 695°0 (639°0°965°0] 809°0 (169°0°109°0] 609°0 o
[079:0%65°0] L19°0 [086°0°095°0]  0.8°0 | [129°0°T79°0]  «659°0 | [685°0°TTC0] L3S0 [£65°0°695°0] 12670 [009°0°€85°0] £65°0 0z 0L
[699°0°€79°0]  4€99°0 | [99¢°0'FFG 0]  29c0 | [699°0°€¥9°0] 48990 | [6¥G0'CIC0] 0€5°0 [5£9°0°809°0] 929°0 (665°0°025°0] 7850 0L
[9990°689°0]  «679°0 | [99¢°0FFC 0]  ¥GS0 | [20L0T89°0] 48690 | [ses0'ereo] 7250 [219°0°065°0] 209°0 [709°0€8¢°0] 968°0 o
079022901 «9€9°0 | [p250'9Pc0] €950 | [62970°099°0] 42990 | [L850°98S 0] Tre0 (£29°0°009°0] 919°0 [029°0°265°0] 109°0 0z 0%
(%52 %) 1D 0 (%SL%GT)ID o) (%SL'%Se) 1D i) (%SL%ST)ID o) (%CL'%ST)ID j1o) (%SL°%ST)ID 0 (%0 N
susseq gTudd 119dD reaurudy TeIUITTIOM TeoUlTHY
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(BS) and inter-quartile region for data generated by the AFT model. Top 3

1er score

Br
methods in each row are marked with an asterisk

Table 10

lovT-0'6TT°0] 0€T°0 [1eT°0°20T°0] 0810 (€2T°0°960°0]  «S0T°0 | [GP1°0'TIT 0] GeT°0 [L8T°0°87T°0] €91°0 [1€T°0°001°0] 151°0 02
[6eT0CTIT°0] GeT0 [0ZT°0°960°0]  L0T°0 | [e€1°0°'80T°0]  AIT0 | [9€T0‘CTT 0] 821°0 [L6T0°871°0] 6510 [221°0°201°0] 1210 o
[€2T°0°060°0]  4901°0 | [LTT°0960°0]  %L0T°0 | [9TT°0°260°01 6010 | [S21°0°¢60°0] 110 [8P1°0‘cE1°0] LE1°0 [F11°0°160°0] 101°0 0z 002
[1eTo'str0] 1€1°0 [8TT°0°960°0] L0T°0 (9TT'0'L80°0]  «90T°0 | [€0T°0°080°0] «760°0 [pero'eerol 10 (97T°0°051°0] €10 0L
[1gT0%eT°0] w10 (12101600 4€0T°0 | [9%1°0°90T°0] 1210 | [311°0°680°0] #8600 [19T°0'T91°0] 2ST0 [671°0°060°0] 8IT°0 (114
[eeT ot 0] Gz10 [2eT°0C1T°0] €210 [621°0°T01°0]  «F1T°0 | [0€1°0°TOT0] #1110 [eot0°2¥1°0] 8GT'0 [97T°0'F01°0] 0210 0z 001
[971°0°¢60°0] ze10 (07T°0'%&1°0] ze10 [9€T°0°80T°0) 0210 | [£0T°0°980°0] #G60°0 [FoT0'8¥1°0] 6510 [sPT°0°021°0] GET'0 0L
[6eT0°2L11°0] 8310 [eeT0'701°0] AN} [91T°0°680°0]  %10T°0 | [61°0°001°0] 1110 [8LT0°csT 0] 9910 [161°0°951°0] 9eT°0 0¥
[921°0°201°0] L01°0 [16T0%21°0] 9810 [8TT°0°260°0]  %a0T°0 | [011°0°260°0] «10T°0 [6L10°€ST 0] 1LT°0 [8€T°0°TTT°0] vTr0 0z 0L
[621°0°860°0] YIT0 [97T°0°TET°0] 9eT°0 [€21°0°00T°0]  %€1T°0 | [10T°0°920°0] #8800 [09T°0°TET 0] PPT0 [FP1°0°680°0] LTIT°0 0L
[€2T0760°0]  «801°0 | [1F1°0°02T°0] AN} [0TT°0°880°0] %2600 | [€GT°0°TOT0] 0TT°0 [LeT0'8¢T°0] LF1°0 [LET0'F1T°0] €Tr0 0¥
[LeToctt 0] 0€1°0 [0¥T°0ce1°0]  #E1°0 [STT0760°0] %1010 | [£01°0°880°0] #L60°0 [191°0°68T°0] 1610 [8€T°0°8T1°0] 621°0 0z 0%
(%62 %Se)Sd sq (%5L'%Se)sd sd (%sL'%se)sd s | (%8L'%Se)sd sd (%CL'%ST)sd sd (%52°%52)sd sd (%0 N
a1 qd) 001 IO 001V 3800gX0)) ASH J49
[€€T0T60°0]  450T°0 | [e@T'0960°0]  «ITT°0 | [8PT0FET0]  0ST0 | [F9T0TFT 0] 0ST°0 [esT0‘621°0] 8GT'0 [F91°0°671°0] 9810 0L
[62T0F01°0]  «011°0 | [181°0°T60°0]  +L0T°0 | [92T°0°c0T'0]  91T°0 | [9ST0°0¥1°0] 8FT°0 [89T°0°€ST 0] 2910 [68T°0°671°0] 9910 o
[eeToett o0l 161°0 [91T°0°820°0] %9600 | [gPT°0'8TT°0]  1€1°0 | [8P1°0°GG1°0] 9810 [ogT0°921°0] 8ET0 [871°0°2E1°0] 910 0z 002
[e€T0201°0] GIT'0 [@01°0°280°0] %9600 | [26T°0'PGT°0] 6810 | [SLT°0°€ST°0] v9T°0 [L9T°0'8¢€T°0] 2810 [99T°0°0%1°0] €510 0L
[ePT0'6TT°0] PET0 (61102600  4901°0 | [FE1°0°T60°0] TT1°0 | [881°0°€8T 0] 6£1°0 [e8T°0'7FT°0] 091°0 [L8T'0°LTT 0] P10 o
[eeT0911°0] 4l 91T°0°660°0] %010 | [0€T°0'TIT°0] @310 | [¢91°0°831°0] 13170 [1gT0%21°0] 710 [8L1°0°6€1°0] 6510 0z 001
(621066001 4ITT°0 | [9T1°0'980°0]  %I0T°0 | [€€T°0°00T°0]  91T0 | [2L1°0GST 0] 2910 [evT0%1T°0] 131°0 [99T°0°0%1°0] 6¥1°0 0L
[€2T0°960°0]  «80T°0 | [90T°0°060°0] 0010 | [FST0GET0] 6610 | [18T°0°9%1°0] 09T°0 [esT1°0'62T°0] w10 [291°0°L¥T°0] GaT'0 or
[911°0280°0] z0T°0 [90T°0°T80°0]  «¥60°0 | [e€1°0'90T°0]  ¥31°0 | [251°0°651°0] erI0 lorT 021 0] GET'0 [6L1°0°TH1°0] 9810 0z 0L
[€TT0°280°0] 49600 | [601°0760°0] 101°0 [07T°0°021°0] €10 | [161°0'€€1°0] 9FT0 [ogT0‘0€T°0] SPT0 [791°0°2€1°0] [SAN(} 0L
[8ET'0'PTT 0] L2T°0 [TOT°0'T200]  «F80°0 | [LFT°0‘CIT 0] €10 [Fero'2e1°0] SHT0 [6ST°0°071°0] 2810 [19T°0°LET°0] 6¥1°0 117
[0€T°0°901°0] 181°0 [921°0°660°0]  «€1T°0 | [621°0°TIT°0] 0310 | [041°0°GFT°0] 181°0 lorT 03T 0] 8ET0 [6ST°0°TE1°0] L0 0z 0g
(%52 %Se)Sd sd (%52 %Se)sd sd (%5L%5e)Sd sd (%SL'%Se)sd sd (%CL'%S%T)sd sd (%SL%%e)sd sd (%o N
susseq g1ud) 11udp Teaurudp TedUITTIOM RUEL R
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(R?) and inter-quartile region for data generated by the AFT

ion

mnat

Coefficient of determ

Table 11

model. Top 3 methods in each row are marked with an asteriskd.

[e0g 0'esz 0] 7820 [19z°0°8¥2°0] slerall} [LT€°0°652°0]  L6G0 [62e°0'L62°0] «01€°0 (6€5°0'¢TE 0] 0£2°0 (60£°0°6L2°0] 16270 0L
[£65°0°9¢2°0] ¥92°0 [122°0'182°0] G920 | [LLT0'ege0]  0Lg0 | [6ge0'eIE0) %0080 [6e2°0°661°0] 71670 [01€°0°062°0] 10€°0 or
[8L7°0°872°0] 0920 [1zzo2veol  #920 | [pP2e0'68c0] S50 | [29€0°8GE 0] #0FE0 [6€2°0'912°0] 9220 (2620792 0] 72270 0z 00C
[655°0°612°0] 8€G°0 [9gz 0'81Z°0] ¥€5°0 [962°0°092°0] 1L3°0 [Le€ 0'608°0] #CTE0 [795°0'75E 0] 1€3°0 (6650692 0] z8%0 0L
[¥52°0'ce 0] 6£3°0 [12z°0°Lbz 0] 8920 | [982°0°8%5°0]  ¥Lz0 | [0v€0Cee 0] #L3€°0 [062°0°812°0] 28T 0 [082°0°952 0] 69270 or
[€82°0°672 0] 8920 [tve0‘0ze 0l ¥ez0 | [626°0'65c°0]  L920 | [12€0°¢62°0] #C1€°0 [1€2°0°661°0] 1120 [982°0°2L92 0] 1150 0z 00T
[£0€0%9z°0] 0820 [69z°0‘cve 0] 28T0 [F8z0c9z'0] 9220 | [gegr0‘T0£0] #C1€°0 [172°0°812°0] €€T0 [00€°0°0L2 0] £82°0 0L
[182°0°292°0] 2LT 0 [rLe0'6v2 0] 1920 | [r2e0'esgol 1920 | [9€€0'00€°0) +GTE°0 (P2 0'L2g 0] 86270 [662°0°L92 0] 6L3°0 or
Reralin 2all) 1750 [122:0%vz 0] 6920 | 9.8°0L¥5 0]  9ST0 | [81€°0°€65°0] +P0€°0 [6£2°0'712°0] 1350 [61€°0°282 0] 00£°0 0z 0L
[9xali¥4zall) ¥S20 [192°0622°0] 6£2°0 [FSz0'Lvz0] 6920 | [91€°0'C620] £90€°0 [162°0'€gz 0] 8€T°0 [882°0°L92 0] V220 0L
[1250252°0] $95°0 [L9z°0°T¢T0]  8%T0 | [€9z°0'9¥T 0] €ST0 | [9g€0TPIE 0] #2€0 [812°0'72a 0] L850 [¢82°0°€92 0] LLT0 or
[evz0612°0] 9220 [09z°0°9¢2°0] cge0 | loveo'tieol  9ge0 | [aeeo'ereo] #€0€°0 [292°0°9¢2°0] 6720 [862°0°892°0] z8°0 0z 08
(%8L%%T) ;T H (%SL'%ST) 4 H (%GL%GT) M (%SL°%58) A i (%SL°%5T) & (%SL°%ST) M (%o N
a1 ydp 001 oA QoI YV 3800g%0) sy a9
[790°0°070°0] 670°0 [eee076e0]  4c1€0 | [81€°0°062°0] P00 | [FIT0960°0] S0T°0 [220°0°800°0] $10°0 [#50°0'%£0°0] SP0°0 0L
(650°0°810°0] 6£0°0 [Fee0'e620]  4S1€0 | [91€°0°982°0]  «10€0 | [90T°0°080°0] 160°0 [920°0°010°0] L10°0 (50702200 8€0°0 o
[970°0%10°0] 820°0 lore0coe0]l  «Fee0 | [92€°070£°0]  «21€0 | [11T°0°880°0] 660°0 [820°0'F10°0] 120°0 [990°0°870°0] 6500 0z 00C
(T70°0°£10°0] 0800 | [8€€0'TTE0]  4L2€0 | [09€70°08€°0]  «67€°0 | [£60°0°L50°0] 6L0°0 [020°0°900°0] z10°0 [720°0°9£0°0] 970°0 0L
[¥90°0‘770°0] £80°0 [9z€020€°0]  4GT1€°0 | [S2€0°80€°0]  «8T€0 | [960°0°240°0] 780°0 [020°0°£00°0] $10°0 [020°06£0°0] Sr0°0 or
[£20°0°970°0] 6500 [ereos1e0l  «22e0 | [02€°0'88°0]  «20£0 | [60T°0°0£0°0] z80°0 [620°0°500°0] 2100 [#50°0°9€0°0] SP0°0 0z 00T
[860°0°6£0°0] 700 | [LPE0TTE0l  «PEE0 | [S9E0TTE0]  «8£€°0 | [L0T'0°G80°0] 960°0 [020°0°G00°0] z10°0 [790°0°€70°0] GG0°0 0L
(290°0°€£0°0] 6700 [92€°0°LLT0]  420€0 | [8V€0°CTe0]  «€€€°0 | [660°0°GL0°0] 160°0 [¥20°0°600°0] €100 (820706200 1L0°0 or
[250°0°T€0°0] 0700 [ege0cae0]l  «86e°0 | [ebe0'Tee0]  «GeE0 | [€1T°0°880°0] £01°0 [2£0°0°010°0] 810°0 [£60°0°120°0] 0700 0z 0L
[970°0°€10°0] €200 | [Lze0'c0e0] 4 T€0 | [0gE0'61€°0] 428670 | [82T°0°00T°0] 0110 [870°0°£00°0] z10°0 [990°0°870°0] 950°0 0L
[670°0620°0) ar0°0 [9z€0°208°0]  «61€°0 | [€£2°0°80€°0]  «22€0 | [80T°0°060°0] G60°0 [610°0°G00°0] 0100 [520°0‘1£0°0] Sr0°0 or
[190°0°¢z0°0] 8€0°0 [Leeo'81e0]  492€0 | [9g€°0'8TE€°0]  «92E0 | [660°0°2L0°0] z60°0 [610°0°900°0] 2100 [990°0°970°0] GG0°0 0z 08
(%8L'%ST) 4 M (%82'%%T) M M (%82°%52) M (%S2°%52) & (%SL'%5T) M (%CL %ST) o & (%o N
sursseq 2Tud) 119dD reaurudp TeIUITTIOA TeDUITYY
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Concordance index (CI) and inter-quartile region for data generated by the AFT model.

Table 12

Top 3 methods in each row are marked with an asterisk.

[8090°68¢°0] 650 | [009°0°T9¢°0]  ¥8¢0 | [e19°0°e65°0] 9090 | [885°0°T9¢ 0] 0L5°0 [68¢°0°9€S°0] G850 [£79°0'G19°0]  £1€9°0 0L
[119°:0°98¢°0] 0090 | [e19°076¢°0] 090 | [L6S0°€L50]  @8¢0 | [£29°0°T6¢0] 609°0 (29570275 °0] 7550 [1£9°0°98¢°0] 509°0 o
[£€9°0°009°0] 819°0 [c090cLg0] 6850 | [L09°0¥8¢0] L1690 | [F19°0°26S°0] 209°0 [6L5°0°67S°0] £95°0 [€79°0°€29°0] £9£9°0 0z 00T
[e6g0'LL60] €850 | [F09°0'F2c0]  28¢0 | [£09°0°T8G0]  @6¢0 | [0T9°0°96¢°0] £09°0 [965°0°€LS°0] 7850 (289°0°919°0] 9290 0L
[165°0°296°01 2280 | [2890'€65°0] %0890 | 19076500 G090 | [119°0'68¢°0] 665°0 [986°0°8GS°0] PL5°0 (1€9°0°919°0] 4290 o
[619°0'265°0] 109°0 [269°0°T09°0] @290 | [129°0'¢09°0]  S19°0 | [¢09°0°€LS0] €850 [819°0°2LS°0] 009°0 (269°0°6€9°0] +LF9°0 0z 001
[179°0'209°0) 42290 | [662°0'8550]  €.6°0 | [909°0'2L80] 98¢0 | [€19°0°T6S°0] £09°0 [£09°0625°0] 0650 [1£9°0°609°0] 129°0 0L
[£09°0°885°0] 9650 19076500 9090 | [619°0°28¢°0] 8650 | [F19°0°G8¢0] 209°0 [819°0°685°0] G090 (6£9°0°029°0] £L39°0 0
[0€9°0°L09°0]  «029°0 | [66°0°89¢°0] €3¢0 | [809°0°98¢°0] 9650 | [F09°0°CLS0] 8860 [#09°0'7L5°0] 165°0 [2£9°0°209°0] 619°0 0z 0L
[619'0°'665°0)  909°0 | [819°0°265°0]  809°0 | [8€9°0°809°0) 49290 | [2090°€8¢ 0] £65°0 [265°0°655°0] £€86°0 [6£9°0°029°0]  %0£9°0 0L
[g090°98¢'0]  g650 | [e190°26c°0] 9090 | [e€9°0°T19°0] 0290 | [809°0°.8¢0] 665°0 [865°0GLS 0] 78570 (179°0'G29°0]  +G€9°0 o
[609°0°985°0] L6S°0 (665°0°9L5°0] 0650 | [519°0°26¢°0] €090 | [c19°0°S8¢°0] £09°0 [865°0°045°0] 785°0 [8€2°0°CaL 0] £0€2°0 0z 0%
(%SL' %) 1D D (%SL%GT)ID i) (%SL'%ST) 1D D (%CL%GT)ID i) (%SL°%ST)ID D (%SL°%ST)ID jio) (%0 N
o1 dp RITOM Q1LY 3800gX0)) sy Gl
[629°0FF9°0] 40990 | [9T9°0°TSG0] 98¢0 | [699°0°T€9°0) 40990 | [¥9G0‘€¥S O] G650 [265°0728°0] 986°0 [809°0°28¢°0] 864°0 0L
[0£9°0°L79°0]  «859°0 | [826°0°65¢°0] 8950 | [62970°869°0] 0990 | [€¥50°T5S 0] 1€6°0 [7£9°0‘G09°0] +819°0 [c19°0885°0] 109°0 o
[1690°0€9°0] <0790 | [e9g0‘0Fc0]  @gg0 | [699°0°6F9°0] 48590 | [£S50°60¢°0] €250 [829°0'709°0] L19°0 [009°0°685°0] 065°0 0z 00G
[€99'0°'829°0) 41790 | [226°0°695°0] 8990 | [FL900°6€9°0] 40990 | [e¥G0LIS0] 2€5°0 [7£9°0°909°0] £29°0 [£19°0°T28°0] 1650 0L
[179°0°66°0] L19°0 [cLg0ese0l 9950 | [299°0'689°0]  «LF9°0 | [99¢°0°TFS 0] 75¢°0 [019°0°065°0] 209°0 [965°0°69¢°0] 6150 o
[L79°0°029°0]  «2€90 | [825°075¢°0] 2990 | [£89°0°859°0] 46990 | [2G50°cag0] 0%S°0 [#29°0°565°0] 219°0 [009°0°TGS°0] TLS0 0z 00T
[199'0'T€9°0] 49790 | [99¢°0°0FG'0] 9950 | [889°0°299°0)  4G29°0 | [6€S0°L0S0] aTg0 [609°0°98¢°0] 6650 [£29°0°665°0] z19°0 0L
[969°0°T€9°0] 45790 | [62e0'€se0]  ©9g0 | [92970°969°0] 0990 | [82¢°0'Ge¢ 0] G9g°0 [019°0785°0] 6650 [519°0€65°0] £09°0 o
[9690°919°0]  «2€9°0 | [065°0F79¢°0]  TLE0 | [029°0°2€9°0]  42S9°0 | [925°0°6FS 0] 8640 [219°0°€65°0] 9090 [219°0°265°0] 909°0 0z 0L
[929°0°265°0) €190 | [299°0°'sea0]  29g0 | [€99°0°T€9°0)  4gF90 | [89G0°9%S 0] 1860 [709°0°28¢°0] G650 [719°0°28¢°0] 009°0 0L
[79°0°¢z9°0] 1£9°0 [166°0'96¢°0] 6,50 | [189°0'689°0] x990 | [695°0'FFS 0] 7680 (965°0°925°0] 9850 [#29°0°L65°0] 2190 o
[goL0°07L0]  «GGL'0 | [8950'sec0]  19S0 | [629°0°T99°0]  4€99°0 | [8FS0‘0£C 0] 6£5°0 [#29°0'765°0] 019°0 (26G°0°285°0] 1850 0z 0%
(%52 %) 1D 0 (%SL%GT)ID o) (%SL'%Se) 1D i) (%SL%ST)ID o) (%CL'%ST)ID j1o) (%CL'%ST)ID 0 (%0 N
susseq gTudd 119dD reaurudy TeIUITTIOM TeoUlTHY
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TP rate and 95%CI for data generated by the CPH model. Top 3 methods in each row

Table 13

are marked with an asterisk.

[Leroegero]  11F0 | [ 0'91F 0l «FEV0 | [TOF0€CE0]  L28°0 | [867°0°9¢H 0] #LLV0 | [97€°0°00€°0) €280 loLe0‘0FE 0] 86€0 0L
oz 0'89¢°0]  ¥6€0 | [eSF0T0F0]  «8GF0 | [60F°0°29¢°0]  88¢°0 | [687°0°GSH 0] #OLF0 | [98€°0°265°0] PI€0 [P8e-0'88€°0] 19€°0 or
e 029¢0]  06e0 | [PLF0'GEr 0l <8P0 | [L6€0°€ce0] G0 | [30S0FSH 0] #8LF0 | [67€°0°665°0] 16€°0 [e6e0‘cre 0] 69€°0 0z 00%
[etroeLeo]  wee0 | [FF0'96€0]  «0gv0 | [e6€0€PE0] 6970 | [18S0TLE 0] #9670 | [7€€0°068°0] z1e0 [L9e°0‘cze 0] 9vE0 0L
leppro'68e0] 9RO | [ePP0'C0P0]  «£aF0 | [FSE00FE0]  29g0 | [687°0'6er 0] «alb0 | [08€70°082°0) G0€°0 [86€079¢°0] 18€°0 or
[terocLeol  86e0 | [P 00070l  «1GP'0 | [L6€0°6PE0] €260 | [81S°0'FLF 0] #9670 | [6£€°0°€0€°0] 16€°0 [707°0°09¢°0] z8e°0 0z 001
[6c7°0°'22£°00  €07°0 | [197°0°GTH0]  48€7°0 | [F6E0°TPE0]  89€°0 | [G0S°0°297°0] 49870 | [89E€°0°FIE 0] 9£€°0 [28¢°0'TPE0]  F9E0 0
[pero'ose0]l  01F0 | [6SP°0°LTF0]  «8€P°0 | [0Lg0'08e0]  0Se0 | [006°0°GST 0] «9LF°0 | [F€€70°962°0] aIe0 [66£0°€5¢ 0] 9.€°0 or
[1e70°28¢°0] 6070 | [€9F°0°CTF 0] 8670 | [88€°0FFE0] 9970 | [915°0°TLE 0] #6700 | [62€0285°0] 20€°0 [LLe0'cee 0] 9660 0z 0L
[8T7°0'TLE0]  96€°0 | [8¥PP°0°907°0]  4L2P0 | [66€°0°PSE0] €260 | [F0S0°967°0] 40870 | [G6E0°L8T°0] 90€°0 [€9g°0'TEE 0]  TFE0 0
[s6g0'0ee0]  FLE0 | [9€7°0°068°0]  «£TFO | [F6E0'SFE0]  1L80 | [61S°0°087°0] 49670 | [F€€70°982°0] 01€°0 [6£€70'62€°0] 16€°0 or
[coro'sse0l  08e'0 | [62F0°16€0]  «01F°0 | [08€°0FEE0] L8870 | [€18°0°L97°0] #0670 | [65€°0'e1€ 0] 9££°0 [98€°0FFE 0] G9€0 0z 0%
10%56 dL 10%S6 dL 10%46 dL 10%46 dL ID%S6 dL ID%S6 dL (%o N
eo1qdp 901 oA\ 001V 3800gX0)) sy J49
[esero‘6ee0]  9g'0 | [09F°0°9TF°0]  4887°0 | [28¢0°cre0]  99g°0 | [7E€0°98G0] 01€°0 [462°0°652°0) 9770 [00£°0°092°0] 8420 0L
[eLero'ceeo]l  0se0 | [0PP0'98€°0]  4FTFO | [SL80Pee0]  9¢e0 | [61€70°99%°0] 0620 [90€°0292°0) ¥82°0 [665°0°.52°0] 870 or
[toro2ee0l  6L80 | [€57°0°2070]  «0€7°0 | [06€°0FPE 0] L9¢°0 | [£0€0°T9Z 0] 2820 [0z€0°8z°0] 10€°0 [e1e0cLe 0] £62°0 0z 00%
[68e027e 0] 89e'0 | [29F°0°90%°0]  «FEFO | [€6€0°TPE0]  L9¢°0 | [F0£0°05E 0] 12270 [L8z°0‘crz 0] 992°0 [e8z°0‘0vz 0] 192°0 0L
[oggro'pee0] 1960 | [serO'TIFO]  seEp0 | [¥8E0OOFE0]  29€0 | [61€°095°0) 88%°0 [0€€°0282°0) 90€°0 [662°0°c8T0] 2250 or
[16e0'crer0l  89e0 | [eLF0'0eF 0] «9FF0 | [69€0°TEE0]  0%0 | [962°0°9%E 0] 1L2°0 [L1€°0°292°0] 2620 [982°0°c¥2 0] 7920 0z 001
[88e08pe0]  89e'0 | [eLF0'TEF 0l «oSh0 | [1L80°TaE0]  9pe0 | [12€0°€LE 0] 1620 [862°0°¢52°0] QLT 0 [01£°0992°0] 8820 0L
[eee0ese0]l L0 | [LOFO'CEE Ol «SFPO | [€8€0°6EE0] 19870 | [962°0°0¢E 0] €LT0 [e1€°0°€92°0] 8820 [865°0°952°0]  LLT0 or
[L6e0Tee0l L0 | [9SF0FIFOl <SP0 | [66€0°TSE0] G0 | [ee€0'€6E 0] PIE0 [L8z°0°cvz 0] €920 le1e0cLe 0] €620 0z 0L
[F170c9e0]  88€'0 | [0LF0Feh 0l «LFP0 | [89€°0°GeE0]  gPe0 | [61€°0°892°0] 0620 [Tee0‘esz 0] 20€°0 [90€°0°89z°0] 18270 0L
[1Le0eeer0l  Lve0 | [19F°0'TeF 0l «IFP°0 | (696026800  8F€0 | [60€0T92 0] 2830 [962°0°052°0) €L3°0 [765°0'9%2 0] 0L3°0 or
[pee0oreol  o0Le0 | [eSF00TF0l  «1€P0 | [e8€0°6E0] L8680 | [162°0°67E 0] 0L2°0 [662°0°¢52°0] L2270 [e62°0°9v2 0] 6920 0z 0%
10%$6 dL 10%S6 dL 10%5$6 dL 10%$6 dL 10%S6 dL 10%S6 dL %o N
sursseq ZTudD 11udp resurydy TedUITIOM Tedul Ty
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TP rate and 95%CI for data generated by the WEI model. Top 3 methods in each row

are marked with an asterisk.

Table 14

[pF1rrocLe0]  e6e0 | [eer0'ege0]l  «01F°0 | [16€°0°GPE0] 8980 | [#8F°0'TEN 0] #8970 | [1€€°0'182°0] 90€°0 [6Le0°TEE 0] Gee0 0L
[8eF 086801 81F0 | [967°0°9TF0]  «967°0 | [F6€0THE 0] 890 | [01S°0F97 0] «L87°0 | [FFE0°00€°0] 40} [68€°0°TS€°0] 0,60 or
[6zF0cge 0] L0F0 | [8eF0°06€°0]  «FIFO | [16€°0°6PE0] 080 | [0880°9L7°0] #8670 | [egeo'ere ol £6E°0 [6ge061€°0] 6££°0 0z 00g
[61F0cLe 0] 96€0 | [FPLFO'RTFOl  «9FF0 | [L2F0°228°0]  20F0 | [F0S0'T9¥ 0] «€87°0 | [96€°0'265°0] yI€°0 [ese0‘see 0] 09€°0 0L
[egrro'ese0]  FOF0 | [9€7°0'98€°0]  4oTF0 | [88€°0°TSe0]  0LE0 | [9TS°0'897°0]  4a6¥'0 | [L€€70°662°0) S1€°0 [Toroeseol  LL80 or
[orF0cor0]  ¥eF0 | [8FF0°G0F0]l  «SGP0 | [L6€0°6PE0] €260 | [618°0°89%°0] #0670 | [67€0°€0€0] 92£°0 [66€0°T5€°0] GLE0 0z 00T
[917°0'99€°0]  16€°0 | [€57°0°607°0]  «I€7°0 | [06€°0°TFE0]  99€°0 | [02S°0°0L7°0]  «G67°0 | [cFE0'FOE 0] £2€0 [F6g0'svE0]l T80 0
orrro'oLe0]  g6e0 | [1Lp0'cer 0l «8FF0 | [eLe0'cee0l  pee0 | [TTS0'€LP0]  4a67°0 | [68€70°462°0) 81€°0 [eger0‘eee 0] 86€°0 or
[eeeoTee0l L0 | (02 09Le0]  «868°0 | [91F0TLE0]  ¥6£0 | [a67°0°9FF 0] #6970 | [09€°0°05€0] 07£°0 [eser0‘Le€70] 09€°0 0z 0L
[FIP°0'02£°0]  ©6€0 | [L€7°0°TOV0] 46170 | [66€°0°9€°0)  ¥LEO | [80S°0°097°0] 48P0 | [9€€°0°7ST 0] 0T€0 [68¢70°cPE0] L9870 0
logro'06e0] €10 | [06P°0'907°0]  «8aF0 | [FSE0‘0se0l  29€°0 | [e6v0'esr0l  4FLPO | [16€70°G0€°0) 820 [c9€°0°02€°0] e or
[LeF 066801 48170 | [62F0'c8e0] 2070 | [a8€0°8€€°0]  09¢°0 | [90S°0°T97 0] V870 | [¥ee0'7LT 0] 6620 [L9€°0°62€°0] /760 0z 0%
10%56 dL 10%S6 dL 10%46 dL 10%46 dL ID%S6 dL ID%S6 dL (%o N
eo1qdp 901 oA\ 001V 3800gX0)) sy Ia
[96e0‘06e0]  €Le0 | [F6F0°05F0]  «clP0 | [96€°0°9P€°0] @0 | [662°0°25E 0] zLT0 [0z€09L2°0] 8620 [£62°0°T52°0] vL20 0L
[pgero'ore0] 290 | [297°0'61F°0]  4EFP0 | [PLE0'8EE0]  99€°0 | [FI€0°0L5°0) 2630 [e1€°0'1L£2°0) 2650 [00€°0°G92°0) 182°0 or
[eee06re0l 1280 | [LOF0'GEF Ol «9FF0 | [cLE021€0]  9PE0 | [L€€°0°T6E°0) PIE0 [982°0°872°0] 192°0 [c0€0°652°0] 182°0 0z 00g
lese0TPe 0]  29g°0 | [POF0'SEE0]  49FF0 | [62€70°ce€0]  Lee0 | [962°0%SE 0] GLT0 [61€°0°GLE°0) L6270 [862°0°79T°0] 9270 0
[LLeoeeeo]l  gge0 | [T9F0LTF 0] «687°0 | [L6€0°6760] €280 | [662°0°L8E°0] 870 [e1€°0'1£2°0) 2650 [L85°0°ctE 0] 992°0 or
[ooro'sreol  pLe0 | [9eF0'G6E 0] «FIFO | [68€0°€PE0] 9970 | [00£°0°292 0] 182°0 [9z€0°0L2°0] 8620 [60€0°€L2°0] 162°0 0z 00T
[F17099¢°0]  06€0 | [89F°0'GeF 0l «SFPO | [L8€0°GPE0] 9970 | [F1€0F7LE 0] 7620 [91€°0°cL2°0] 7620 [80€°0°852°0] £82°0 0L
[Foe0F1e0l 680 | PG 0’8070l  «1€7°0 | [88€0°8¢8°0] €980 | [60€0'FSE 0] 8L%°0 [ez€70'182°0] £0€°0 (682°0°¢52°0] 2LT 0 or
[Toc0cre0]l  8ee0 | [LOF0'eer 0l £GP0 | [08€°0°988°0]  8%e0 | [F1€0°TLE 0] €620 [o1€°09L2°0] £62°0 [90€°0°09z°0] €820 0z 0L
[sser0Fpe0] 9920 | [cLP0'8ev0] 40970 | [18€0‘eee0]  8¢€0 | [L62°0°25G0] 1150 [162°0°672°0) 0L3°0 [662°0°C8T°0] L0 0
[ooro'sreol  wLe0 | [aLF0'cer0l  «0SH0 | [#8E00FE0] 2980 | [20€°0°T9E 0] 7860 [ce€70'882°0] 01€°0 (682°0°L¥2°0) 89%°0 or
[6Le0TeE 0]  gge0 | [P 0'0070] <3P0 | [18€°0°63E0]  gse0 | [61€°0°022°0] 162°0 [e1e0‘cLe 0] G620 [862°0°952°0] 12570 0z 0%
10%$6 dL I0%S6 dL ID%S6 dL ID%S6 dL I0%S6 dL I0%S6 dL %o N
sursseq ZTudD 11udp resurydy TedUITIOM Tedul Ty
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TP rate and 95%CI for data generated by the AFT model. Top 3 methods in each row

are marked with an asterisk.

Table 15

[oe7098¢°0]  4ITF0 | [1€F°0'68€°0] 0170 | [96€°0°8P€°0] @20 | [L67°0°TSH 0] VL0 | [eve0'c0e 0] 2Te0 [eLe0‘0gg 0] 16€°0 0L
logr08Le0]  c0F0 | [99F0'cer 0l «SFP0 | [G6€0°2PE0] 1280 | [0FS0°005°0] #0250 | [L¥€0°665°0] €260 [99€°0°82¢°0] 1¥E°0 or
[zr0ese0l 9070 | [€9F0'CTF O]l «687°0 | [F6€00SE0] @80 | [F0S°0°097°0] #8870 | [07€°0°065°0] GIe0 [8Le0°cee 0] Gee0 0z 00g
[eero'sge0] 0170 | [9e70'c6e 0]  «FIFO | [F6E0OSPE0] 1280 | [60S°0°G9% 0] £L87°0 | [62€0°68¢°0] 60€°0 [ese0‘re o] 29€°0 0L
leevo'eee0]  €TF0 | [LPP0'668°0]  «£a0 | [8Le0The0l 0980 | [TTS0'G97°0]  4887°0 | [6€€70°962°0] PI€0 [c9e0°cae 0] areo or
[eer0'89e0]  g6e0 | [197°0'CTF 0l 8670 | [86€0°TCE0] @80 | [60S°0°697°0] #6870 | [ev€0'c0e 0] €260 [L9e°0°cae 0] are0 0z 00T
[0FF°0'06£°0]  ¢TF'0 | [967°0°G0¥°0] 40670 | [T6€°0°€PE0] L1980 | [F0S0°COF0]  4€87°0 | [€FE0°L6T°0] 02€°0 [0T7°0°89€°0]  68€°0 0
[tero'6Le0] 0070 | [cOP°0FTF 0l 48670 | [9g0'TTE0]  88€0 | [006°0'9ST°0] 46470 | [68€70°662°0] 61€°0 [66£0°€5¢ 0] 9.€°0 or
[perosLe0l 1070 | [@FF0T0F0l  «€3P0 | [607°0°698°0]  L8¢°0 | [F8F0FE 0] #6570 | [62€0°6L5°0] 20€°0 [coe0‘c1E 0] 0ve0 0z 0L
legro'28e0] 9070 | [097°0'20¥°0]  «9CF0 | [68€°0°6¥E0]  69€0 | [867°0°067°0]  4FLF0 | [06€°0°928°0] 86270 [86£°0°09€°0] 6480 0
[errrovee0l  STF0 | [Fer 09070l 40870 | [08€0°0FE0] 0980 | [265°0°GLF0]  4T10S°0 | [89€70'S1€°0] ereo [06€°0°0€°0] 0L£°0 or
[e1F029¢0] 0680 | LFFOTOF0l  «FGP0 | [98€°0°9€€°0] 1970 | [287°0°€FI 0] #SOF0 | [L8€0°€65°0] 01£°0 [28e°0°67€"0] 89¢€°0 0z 0%
10%56 dL 10%S6 dL 10%46 dL 10%46 dL ID%S6 dL ID%S6 dL (%o N
eo1qdp 901 oA\ 001V 3800gX0)) sy Ia
[cLeoteeo]l  ege0 | [eSFOTPROl  «09v'0 | [F9£0GeE0]  epe0 | [1€€°0°182°0) 90£°0 [60€0°652°0] 820 [8L2°0%€2°0] 9520 0L
[coe081e0]  0FE0 | [FLF 0TSOl «6FF0 | (666027600 €280 | [11€0°€LE°0] 2630 [61£°0°182°0] 00€°0 [61£°0'792°0] 88%°0 or
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4 Computation Details

4.1 Size of Trees

The number of regression trees M set for the tree-ensemble methods dictates how often a covariate
will be selected to be part of the model. As Chipman et al. (2010) showed that setting a relatively
small number of trees benefits the variable selection procedure since variables compete with each
other to improve fit and therefore, relevant predictors should appear more frequently in the tree
model. Because we were interested in exploring the BART variable selection feature, we set the
number of trees M = 40, which also reduces computation time without losing predictive performance.
We varied the number of trees from 20 to 120 and found that our results are relatively stable to the

specification of this parameter (See Figure 1).
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Figure 1: Size of trees. Figure shows the BS for the test data depending on the number of trees
set for the BART model. Left plot - AFT-TREE; center - WEI-TREE; Right - CPH-TREE. Each

line represents one training/test split of data.
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4.2 Computation time

The computational effort required to evaluate models of large-scale datasets, such as those involving
genomic data, is quite modest, due to the latent variable construction of our models, which allows
the use of efficient MCMC simulation algorithms. The algorithmic complexity of the drawing scheme
for the CPH model described in section 2.4 of the manuscript, for example, will be the number of
iterations, K, times the complexity of each step. Chipman et al. (2010) established experimentally
that updating the tree parameters, step 1, is O(n). Step 3 updates n w; from the density summaries
and so is also O(n). Other computations within each iteration, such as updating all survival model
parameters by drawing from full conditional distributions, do not depend on the problem size and
are thus O(1). The overall complexity is thus O(Kn). The total number of iterations required is
an open problem, but in practice we choose a large number, such as 10000, and verify convergence.
For a fixed K, therefore, the computational time required is linear in the number of samples, n.

In this section, we report the simulation times of our methods for various samples sizes and show
that our methods scale reasonably to large datasets (Table 16). The analysis were run in a PC
Intel® Core(™™)2 Quad CPU Q9300 with processor speed of 2.50Ghz and 8.00GB of memory. The
time modes were obtained from the simulation study and, therefore, the same data set structure was
used, i.e., various N and percentages of censoring with number of covariates p = 200 and number of

chains £ = 10000.

Table 16: Mode of time (seconds) for calculations in the Bayesian tree-ensemble models as function

of the sample size with p = 200.

N CPH-TREE WEI-TREE AFT-TREE

30 220 183 217
70 241 223 227
100 252 249 253
200 312 298 304

4.3 Convergence

In this section we provide plots (Figure 2) which depict the convergence properties of our proposed
models. Three plots are provided to show the chains for one example of latent variable per model

and, for all of them, the convergence is very quick.
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Figure 2: Convergence. Figure shows the chains for the latent variables.
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5 High-resolution Figures

In this section, we show main text plots in higher resolutions.
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Figure 3: Posterior probability of a variable appearing in the CPH-TREE (top), WEI-TREE (cen-
ter), and AFT-TREE (bottom) survival ensemble methods as applied to the brain tumor data.
Variables with posterior probability above the horizontal gray line are considered to be significantly
used; controlled by 10% FDR.
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Figure 4: Time-dependent AUC analysis. The plots compare the performance of the proposed
tree-ensemble methods with their multivariable linear versions, as applied to the brain tumor data.
Dots represent the medians across splits of training/test sets; lines depict the interquartile limits.
Left plot: CPH (dashed lines) and CPH-TREE (solid lines); Center plot: Weibull (dashed) and
WEI-TREE (solid); Right plot: AFT (dashed) and AFT-TREE (solid).
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Figure 5: Marginal effects of significant covariates. Left panel: Partial dependence function
plots for metagene 82. Y-axis scale is in weeks. Right panel: Nomogram of the most important
variables in the AFT-TREE model.
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