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rsides-package Subgroup search
Description

The package implements a family of subgroup search algorithms based on the SIDES (Subgroup
Identification based on Differential Effect Search) method for clinical trials with normally dis-
tributed, binary and time-to-event endpoints. The package supports complex analysis models with
an adjustment for continuous and categorical covariates (analysis of covariance models, logistic
regression models, Cox proportional hazards models).

Details

Package: rsides
Type: Package
Version: 0.1
Date: 2024-05-27
License: GPL-2

Key functions included in the package:

* SubgroupSearch: Perform a SIDES-based subgroup search.
* GenerateReport: Generate a detailed summary of subgroup search results in a Microsoft Word
format.

The package comes with three example data sets:

* continuous: Data set based on a trial with a continuous endpoint.
* binary: Data set based on a trial with a binary endpoint.

* survival: Data set based on a trial with a time-to-event endpoint.
Three case studies are included in this manual to illustrate subgroup identification in clinical trials:

» Examplel: Subgroup search in a clinical trial with a continuous endpoint.
» Example2: Subgroup search in a clinical trial with a binary endpoint.

» Example3: Subgroup search in a clinical trial with a time-to-event endpoint.
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binary Example data set (binary endpoint)

Description

Example data set based on a trial with a binary endpoint.

Usage

data(binary)

Format

A data set with 359 observations and 11 variables:

outcome Binary outcome variable (0 or 1). The value of 1 indicates the beneficial outcome.

treatment Binary treatment variable (0 or 1). The values of 0 and 1 correspond to the control and
experimental treatments, respectively.

cont1 Continuous covariate used in the primary analysis model.
cont2 Continuous covariate used in the primary analysis model.
class1 Class/categorical covariate used in the primary analysis model.
class2 Class/categorical covariate used in the primary analysis model.
biomarker1 Numeric biomarker.

biomarker2 Numeric biomarker.

biomarker3 Numeric biomarker.

biomarker4 Numeric biomarker.

biomarker5 Nominal biomarker.
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continuous Example data set (continuous endpoint)

Description

Example data set based on a trial with a continuous endpoint.

Usage

data(continuous)

Format

A data set with 359 observations and 11 variables:
outcome Continuous outcome variable. A larger value of the outcome variable indicates a benefi-
cial effect.

treatment Binary treatment variable (0 or 1). The values of 0 and 1 correspond to the control and
experimental treatments, respectively.

cont1 Continuous covariate used in the primary analysis model.
cont2 Continuous covariate used in the primary analysis model.
class1 Class/categorical covariate used in the primary analysis model.
class2 Class/categorical covariate used in the primary analysis model.
biomarker1 Numeric biomarker.

biomarker2 Numeric biomarker.

biomarker3 Numeric biomarker.

biomarker4 Numeric biomarker.

biomarker5 Nominal biomarker.

Example1l Subgroup search in a clinical trial with a continuous endpoint

Description

Consider a clinical trial that was conducted to evaluate the efficacy and safety of an experimental
treatment compared to placebo. The primary endpoint is a continuous endpoint. The trial data can
be found in the continuous data set. This data set includes five biomarkers (four numeric biomark-
ers and one nominal biomarker) as well as several covariates that can be included in the primary
analysis model. The trial’s sponsor is interested in identifying a set of promising subgroups with
enhanced treatment effect. Subgroup search will be performed using the basic SIDES procedure
and two SIDEScreen procedures (Fixed and Adaptive SIDEScreen procedures).

The endpoint parameters will be defined as follows. First of all, the name of the outcome variable
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needs to be specified, i.e., outcome_variable = "outcome”. Since the endpoint is continuous, the

type
value

parameter is "continuous”, and further the direction parameter is set to 1 since a higher
of the primary endpoint indicates beneficial effect.

Two sets of endpoint parameters will be considered to implement a simple evaluation of the treat-

ment
mode

effect based on the two-sample t-test and a more advanced analysis based on an ANCOVA
1 with an adjustment for important prognostic covariates:

Analysis strategy 1: The analysis_method parameter is set to "T-test".

Analysis strategy 2: The analysis_method parameter is set to "ANCOVA". The covariates to be
included in the model need to be defined using the cont_covariates and class_covariates
arguments. Suppose that the ANCOVA model will account for two continuous covariates
(contl, cont2) and one class/categorical covariate (classl), then cont_covariates is set to
"cont1, cont2” and class_covariatesis setto "class1”.

The data set parameters will be specified as follows:

The data set’s name (data_set) is continuous.
The treatment variable’s name (treatment_variable_name) is "treatment”.

The value of the treatment variable that defines the control arm
(treatment_variable_control_value)is "0".

The list of candidate biomarkers to be included in the subgroup search (biomarker_names) is
c("biomarker1”, "biomarker2", "biomarker3"”, "biomarker4”, "biomarker5").

The list of biomarker types (biomarker_types) is c(rep(”"numeric”, 4), "nominal™).

Finally, the following algorithm parameters will be used in the subgroup search procedures:

The s

Search depth (depth) is 2, which means that patient subgroups will be defined in terms of one
or two biomarkers. Note that this is the default value of this parameter and thus it does not
need to be explicitly defined.

Search width (width) is 2, i.e., only up to two best child subgroups will be retained for each
parent group. This is the default value of this parameter and thus it does not need to be
explicitly defined.

Child-to-parent ratio (gamma) equals 1 for each search level. This is the default value of this
parameter and thus it does not need to be explicitly defined.

Minimum total number of patients in a promising subgroup (min_subgroup_size) is 60.

Minimum number of unique values for continuous biomarkers for applying a percentile trans-
formation (nperc) is 20, i.e., a percentile transformation will not be applied to a continuous
biomarker if there are few than 20 unique values. This is the default value of this parameter
and thus it does not need to be explicitly defined.

Number of permutations to compute multiplicity-adjusted treatment effect p-values within
promising subgroups (n_perms_mult_adjust) is 10.

Number of processor cores to be used in parallel calculations (ncores) is 1.

ubgroup search will be performed using the basic SIDES procedure as well as two SIDEScreen

procedures by calling the SubgroupSearch function and a comprehensive summary of subgroup
search results will be generated by calling the GenerateReport function.
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See Also

Example2, Example3

Examples

SHEEEHHHEHRHRHEHREEE AR HERRHRHHERH R RS HHREE R AR R HEH R HE R
# Primary endpoint parameters

# Analysis strategy 1: Analysis of the continuous endpoint without
# accounting for any covariates

endpoint_parameters = list(outcome_variable = "outcome”,
type = "continuous”,
label = "Outcome”,
analysis_method = "T-test”,

direction = 1)

# Analysis strategy 2: Analysis of the continuous endpoint using an ANCOVA
# model that accounts for two continuous covariates (contl, cont2) and
# one class/categorical covariate (class1)

endpoint_parameters = list(outcome_variable = "outcome”,
type = "continuous”,
label = "Outcome”,
analysis_method = "ANCOVA",
cont_covariates = "cont1, cont2",
class_covariates = "class1”,

direction = 1)
HHHHEHHHHEHRHHEHHHEHH AR AR A
# Data set parameters

# Set of candidate biomarkers

biomarker_names = c("biomarker1”, "biomarker2",
"biomarker3"”, "biomarker4",
"biomarker5")

# Biomarker type
biomarker_types = c(rep("numeric”, 4), "nominal")

# Data set parameters

data_set_parameters = list(data_set = continuous,
treatment_variable_name = "treatment”,
treatment_variable_control_value = "0",
biomarker_names = biomarker_names,
biomarker_types = biomarker_types)

HHHHHHH A
# Algorithm parameters for the basic SIDES procedure

# Algorithm
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subgroup_search_algorithm = "SIDES procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
report_information = GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Continuous endpoint (SIDES).docx",
fileext=".docx"

HHEHEHHHHHBEHERHHHHHH AR AR R
# Algorithm parameters for the Fixed SIDEScreen procedure

# Algorithm
subgroup_search_algorithm = "Fixed SIDEScreen procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups

n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
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ncores = 1

# Number of biomarkers selected for the second stage in the Fixed SIDEScreen algorithm
n_top_biomarkers = 3

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
n_top_biomarkers = n_top_biomarkers,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
report_information = GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Continuous endpoint (Fixed SIDEScreen).docx”,
fileext=".docx"

HHEHEHHAHHHHERBH A EHHEHHEREEEH A EHHEEHREREEE AR A
# Algorithm parameters for the Adaptive SIDEScreen procedure

# Algorithm
subgroup_search_algorithm = "Adaptive SIDEScreen procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups

n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Multiplier for selecting biomarkers for the second stage
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# in the Adaptive SIDEScreen algorithm
multiplier = 1

# Number of permutations for computing the null distribution
# of the maximum VI score in the Adaptive SIDEScreen algorithm
n_perms_vi_score = 100

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters
algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
multiplier = multiplier,
n_perms_vi_score = n_perms_vi_score,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Continuous endpoint (Adaptive SIDEScreen).docx”,
fileext=".docx"

Example2 Subgroup search in a clinical trial with a binary endpoint

Description

Consider a clinical trial that was conducted to evaluate the efficacy and safety of an experimental
treatment compared to placebo using a binary primary endpoint. The endpoint assumes the values
of 0 and 1 (1 corresponds to the desirable outcome). The trial’s data set (see the binary data set))
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includes five biomarkers (four numeric biomarkers and one nominal biomarker) as well as several
covariates that can be included in the primary analysis model. The trial’s sponsor is interested in
identifying a set of promising subgroups with enhanced treatment effect. Subgroup search will be
performed using the basic SIDES procedure and two SIDEScreen procedures (Fixed and Adaptive
SIDEScreen procedures).

The endpoint parameters will be defined as follows. The name of the outcome variable is specified
using outcome_variable = "outcome” and, since the endpoint is binary, the type parameter is
set to "binary”. The desirable outcome for the endpoint is 1, which means that the direction
parameter is set to 1 (a higher value of the endpoint indicates beneficial effect).

Two sets of endpoint parameters will be defined to implement a simple evaluation of the treatment
effect based on the Z-test for proportions as well as a more advanced analysis based on a logistic
regression model with an adjustment for important prognostic covariates:

Analysis strategy 1: The analysis_method parameter is set to "Z-test for proportions”.

Analysis strategy 2: The analysis_method parameter is set to "Logistic regression”. The
covariates to be included in the logistic model need to be defined using the cont_covariates
and class_covariates arguments. To adjust for two continuous covariates (contl, cont2)
and two class/categorical covariate (class1, class2), cont_covariatesissetto "cont1, cont2”
and class_covariatesis setto "class1, class2”.

The data set parameters will be specified as follows:

The data set’s name (data_set) is binary.
The treatment variable’s name (treatment_variable_name) is "treatment”.

The value of the treatment variable that defines the control arm
(treatment_variable_control_value)is "0".

The list of candidate biomarkers to be included in the subgroup search (biomarker_names) is
c("biomarker1”, "biomarker2"”, "biomarker3"”, "biomarker4", "biomarker5").

The list of biomarker types (biomarker_types)is c(rep("numeric”, 4), "nominal”).

The following algorithm parameters will be used in the subgroup search procedures:

Search depth (depth) is 2, which means that patient subgroups will be defined in terms of one
or two biomarkers. Note that this is the default value of this parameter and thus it does not
need to be explicitly defined.

Search width (width) is 2, i.e., only up to two best child subgroups will be retained for each
parent group. This is the default value of this parameter and thus it does not need to be
explicitly defined.

Child-to-parent ratio (gamma) equals 1 for each search level. This is the default value of this
parameter and thus it does not need to be explicitly defined.

Minimum total number of patients in a promising subgroup (min_subgroup_size) is 60.

Minimum number of unique values for continuous biomarkers for applying a percentile trans-
formation (nperc) is 20, i.e., a percentile transformation will not be applied to a continuous
biomarker if there are few than 20 unique values. This is the default value of this parameter
and thus it does not need to be explicitly defined.

Number of permutations to compute multiplicity-adjusted treatment effect p-values within
promising subgroups (n_perms_mult_adjust) is 10.
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* Number of processor cores to be used in parallel calculations (ncores) is 1.

The subgroup search will be performed using the basic SIDES procedure as well as two SIDEScreen
procedures by calling the SubgroupSearch function and a comprehensive summary of subgroup
search results will be generated by calling the GenerateReport function.

See Also

Examplel, Example3
Examples
SR A AR A
# Primary endpoint parameters

# Analysis strategy 1: Analysis of the binary endpoint without
# accounting for any covariates

endpoint_parameters = list(outcome_variable = "outcome”,
type = "binary”,
label = "Outcome”,
analysis_method = "Z-test for proportions”,

direction = 1)

# Analysis strategy 2: Analysis of the continuous endpoint using an ANCOVA
# model that accounts for two continuous covariates (contl, cont2) and
# two class/categorical covariates (classl1, class2)

endpoint_parameters = list(outcome_variable = "outcome”,
type = "binary”,
label = "Outcome”,
analysis_method = "Logistic regression”,
cont_covariates = "contl1, cont2"”,
class_covariates = "class1, class2”,

direction = 1)
HHHHEHHHHEHRHHEHHHEHH AR AR A
# Data set parameters

# Set of candidate biomarkers

biomarker_names = c("biomarker1”, "biomarker2",
"biomarker3"”, "biomarker4",
"biomarker5")

# Biomarker type
biomarker_types = c(rep("numeric”, 4), "nominal”)

# Data set parameters

data_set_parameters = list(data_set = binary,
treatment_variable_name = "treatment”,
treatment_variable_control_value = "0",
biomarker_names = biomarker_names,
biomarker_types = biomarker_types)
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HHHHHHH AR
# Algorithm parameters for the basic SIDES procedure

# Algorithm
subgroup_search_algorithm = "SIDES procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
report_information = GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Binary endpoint (SIDES).docx",
fileext=".docx"

HHEHEHHHHHBHERHHEEHHHHEEHEHEEREEEBH R HHEE AR A
# Algorithm parameters for the Fixed SIDEScreen procedure

# Algorithm
subgroup_search_algorithm = "Fixed SIDEScreen procedure”
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# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Number of biomarkers selected for the second stage in the Fixed SIDEScreen algorithm
n_top_biomarkers = 3

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
n_top_biomarkers = n_top_biomarkers,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
report_information = GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Binary endpoint (Fixed SIDEScreen).docx”,
fileext=".docx"

HHEHEHHHHHBEHERHHHEHEAHEEHEHEHREEEEH R HHEE AR AR
# Algorithm parameters for the Adaptive SIDEScreen procedure

# Algorithm
subgroup_search_algorithm = "Adaptive SIDEScreen procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
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n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number
# of CPU cores on the current host)
ncores = 1

# Multiplier for selecting biomarkers for the second stage
# in the Adaptive SIDEScreen algorithm
multiplier =1

# Number of permutations for computing the null distribution
# of the maximum VI score in the Adaptive SIDEScreen algorithm
n_perms_vi_score = 100

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters
algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
multiplier = multiplier,
n_perms_vi_score = n_perms_vi_score,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Binary endpoint (Adaptive SIDEScreen).docx”,
fileext=".docx"

Example3 Subgroup search in a clinical trial with a time-to-event endpoint
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Description

Consider a clinical trial that was conducted to evaluate the efficacy and safety of an experimental
treatment compared to a control treatment with a time-to-event primary endpoint (see the survival
data set). A larger value of this endpoint indicates beneficial effect, e.g., longer survival. As in the
other two examples, the trial’s data set includes five biomarkers (four numeric biomarkers and one
nominal biomarker) in addition to several covariates that can be included in the primary analysis
model. The trial’s sponsor is interested in identifying a set of promising subgroups with enhanced
treatment effect. Subgroup search will be performed using the basic SIDES procedure and two
SIDEScreen procedures (Fixed and Adaptive SIDEScreen procedures).

The endpoint parameters will be defined as follows. The endpoint measures the time to an event of
interest and thus the type parameter is set to "survival”. The names of the outcome and censor-
ing variables need to be defined using outcome_variable and outcome_censor_variable, e.g.,
outcome_variable = "outcome” and outcome_censor_variable = "outcome_censor". The value
of the censoring variable that corresponds to a censored observation is defined using outcome_censor_value,
e.g., outcome_censor_value = "1" if the value of 1 indicates that the patient did not experience
the event of interest by the end of the treatment period. Since a larger value of the primary endpoint
is associated with beneficial effect, the direction parameter is set to 1.

Two sets of endpoint parameters will be defined to implement a simple assessment of the treat-
ment effect based on the log-rank test as well as an advanced analysis based on a Cox proportional
hazards regression model with an adjustment for important prognostic covariates:

* Analysis strategy 1: The analysis_method parameter is set to "Log-rank test”.

* Analysis strategy 2: The analysis_method parameter is set to "Cox regression”. The co-
variates to be included in this model need to be defined using the cont_covariates and
class_covariates arguments. To adjust for two continuous covariates (contl, cont2) and
two class/categorical covariates (class1, class2), cont_covariates is set to "cont1, cont2"
and class_covariatesis setto "class1, class2”.

The data set parameters will be specified as follows:

e The data set’s name (data_set) is survival.
e The treatment variable’s name (treatment_variable_name) is "treatment”.

¢ The value of the treatment variable that defines the control arm
(treatment_variable_control_value)is "0".

* The list of candidate biomarkers to be included in the subgroup search (biomarker_names) is
c("biomarker1”, "biomarker2"”, "biomarker3"”, "biomarker4", "biomarker5").

The list of biomarker types (biomarker_types) is c(rep("numeric”, 4), "nominal”).
The following algorithm parameters will be used in the subgroup search procedures:

 Search depth (depth) is 2, which means that patient subgroups will be defined in terms of one
or two biomarkers. Note that this is the default value of this parameter and thus it does not
need to be explicitly defined.

e Search width (width) is 2, i.e., only up to two best child subgroups will be retained for each
parent group. This is the default value of this parameter and thus it does not need to be
explicitly defined.

¢ Child-to-parent ratio (gamma) equals 1 for each search level. This is the default value of this
parameter and thus it does not need to be explicitly defined.
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* Minimum total number of patients in a promising subgroup (min_subgroup_size) is 60.

* Minimum number of unique values for continuous biomarkers for applying a percentile trans-
formation (nperc) is 20, i.e., a percentile transformation will not be applied to a continuous
biomarker if there are few than 20 unique values. This is the default value of this parameter
and thus it does not need to be explicitly defined.

e Number of permutations to compute multiplicity-adjusted treatment effect p-values within
promising subgroups (n_perms_mult_adjust) is 10.

* Number of processor cores to be used in parallel calculations (ncores) is 1.

The subgroup search will be performed using the basic SIDES procedure as well as two SIDEScreen
procedures by calling the SubgroupSearch function and a comprehensive summary of subgroup
search results will be generated by calling the GenerateReport function.

See Also

Examplel, Example2
Examples
SR R AR R
# Primary endpoint parameters

# Analysis strategy 1: Analysis of the continuous endpoint without
# accounting for any covariates

endpoint_parameters = list(outcome_variable = "outcome”,
outcome_censor_variable = "outcome_censor”,
outcome_censor_value = "1",
type = "survival”,
label = "Qutcome”,
analysis_method = "Log-rank test”,

direction = 1)

# Analysis strategy 2: Analysis of the continuous endpoint using a Cox model
# that accounts for two continuous covariates (contl, cont2) and
# two class/categorical covariates (classl1, class2)

endpoint_parameters = list(outcome_variable = "outcome”,
outcome_censor_variable = "outcome_censor”,
outcome_censor_value = "1",
type = "survival”,
label = "Outcome”,
analysis_method = "Cox regression”,
cont_covariates = "cont1, cont2”,
class_covariates = "class1, class2”,

direction = 1)
HHHHHEHAHHEHRHEHHAHHAHEHHAHE AR AR
# Data set parameters

# Set of candidate biomarkers
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biomarker_names = c("biomarker1”, "biomarker2",
"biomarker3", "biomarker4",
"biomarker5")

# Biomarker type
biomarker_types = c(rep("numeric”, 4), "nominal”)

# Data set parameters

data_set_parameters = list(data_set = survival,
treatment_variable_name = "treatment”,
treatment_variable_control_value = "0",
biomarker_names = biomarker_names,
biomarker_types = biomarker_types)

HHHHHHHHEEEEE AR AR AR
# Algorithm parameters for the basic SIDES procedure

# Algorithm
subgroup_search_algorithm = "SIDES procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
report_information = GenerateReport(results,



18

Example3

report_title = "Subgroup search report”,

report_filename = tempfile(
"Time-to-event endpoint (SIDES).docx",
fileext=".docx"

HHHHHHH R
# Algorithm parameters for the Fixed SIDEScreen procedure

# Algorithm
subgroup_search_algorithm = "Fixed SIDEScreen procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Number of biomarkers selected for the second stage in the Fixed SIDEScreen algorithm
n_top_biomarkers = 3

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
n_top_biomarkers = n_top_biomarkers,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
report_information = GenerateReport(results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Time-to-event endpoint (Fixed SIDEScreen).docx”,
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fileext=".docx"

HHHHHHH A
# Algorithm parameters for the Adaptive SIDEScreen procedure

# Algorithm
subgroup_search_algorithm = "Adaptive SIDEScreen procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Multiplier for selecting biomarkers for the second stage
# in the Adaptive SIDEScreen algorithm
multiplier =1

# Number of permutations for computing the null distribution
# of the maximum VI score in the Adaptive SIDEScreen algorithm
n_perms_vi_score = 100

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters
algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
multiplier = multiplier,
n_perms_vi_score = n_perms_vi_score,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

results = SubgroupSearch(parameters)

# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
GenerateReport(results,
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report_title = "Subgroup search report”,
report_filename = tempfile(
"Time-to-event endpoint (Adaptive SIDEScreen).docx”,
fileext=".docx"

GenerateReport Generate a Word-based summary of subgroup search results

Description

This function creates a detailed summary of subgroup search results in a Microsoft Word format.

Usage

GenerateReport(results, report_title, report_filename)

Arguments

results Object of class SubgroupSearchResults created by the SubgroupSearch func-
tion.

report_title  Character value defining the report’s title.

report_filename
Character value defining the report’s filename. The report is saved in the current
working directory.

Value

No return value, called for side effects

See Also

SubgroupSearch

Examples

# Example of a subgroup search in a trial with a binary endpoint
# This example used an example data set (binary) that comes with the package
# Primary endpoint parameters

endpoint_parameters = list(outcome_variable = "outcome”,
type = "binary”,
label = "Qutcome”,
analysis_method = "Z-test for proportions”,

direction = 1)

SRR
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# Data set parameters

# Set of candidate biomarkers

biomarker_names = c("biomarker1”, "biomarker2",
"biomarker3"”, "biomarker4",
"biomarker5")

# Biomarker type
biomarker_types = c(rep("numeric”, 4), "nominal”)

# Data set parameters

data_set_parameters = list(data_set = binary,
treatment_variable_name = "treatment”,
treatment_variable_control_value = "0",
biomarker_names = biomarker_names,
biomarker_types = biomarker_types)

B s
# Algorithm parameters for the basic SIDES procedure

# Algorithm
subgroup_search_algorithm = "SIDES procedure”

# Number of permutations to compute multiplicity-adjusted treatment
# effect p-values within promising subgroups
n_perms_mult_adjust = 10

# Number of processor cores (use less or equal number of CPU cores on the current host)
ncores = 1

# Default values for the search depth (2), search width (2),
# maximum number of unique values for continuous biomarkers (20)

# Algorithm parameters

algorithm_parameters = list(
n_perms_mult_adjust = n_perms_mult_adjust,
min_subgroup_size = 60,
subgroup_search_algorithm = subgroup_search_algorithm,
ncores = ncores,
random_seed = 3011)

# Perform subgroup search

# List of all parameters

parameters = list(endpoint_parameters = endpoint_parameters,
data_set_parameters = data_set_parameters,
algorithm_parameters = algorithm_parameters)

# Perform subgroup search
results = SubgroupSearch(parameters)
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# Simple summary of subgroup search results
results

# Generate a detailed Word-based report with a summary of subgroup search results
GenerateReport(
results,
report_title = "Subgroup search report”,
report_filename = tempfile(
"Subgroup search report.docx”,
fileext=".docx"

SubgroupSearch Perform a SIDES-based subgroup search

Description

This function performs a SIDES-based subgroup search for clinical trials with normally distributed,
binary and time-to-event endpoints. The function implements the following subgroup search pro-
cedures:

» SIDES procedure: Basic subgroup search procedure (Lipkovich et al., 2011).

* Fixed and Adaptive SIDEScreen procedures: Two-stage subgroup search procedure with
biomarker selection (Lipkovich and Dmitrienko, 2014).

Usage

SubgroupSearch(parameters)

Arguments

parameters List defining the subgroup search’s parameters. The list includes three sublists:
endpoint_parameters, data_set_parameters, algorithm_parameters. The
parameters that need to be defined with each of these lists are defined below.

* endpoint_parameters: List defining the parameters of the primary out-
come variable and analysis method. The following parameters need to be
specified:

— outcome_variable: Character value defining the name of the outcome
variable in the data set specified in data_set_parameters.

— label: Character value defining the outcome variable’s label.

— type: Character value defining the outcome variable’s type:
"continuous” if the outcome variable is a continuous endpoint,

"binary" if the outcome variable is a binary endpoint,
"survival” if the outcome variable is a time-to-event endpoint.
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outcome_censor_variable: Character value defining the name of the
censoring variable in the data set. This argument is required only if the
outcome variable is a time-to-event endpoint.

outcome_censor_value: Character value defining the value of the
censoring variable that corresponds to censored outcomes. This ar-
gument is required only if the outcome variable is a time-to-event end-
point.

direction: Numeric value defining the direction of a beneficial effect:
1 if a higher value of the outcome variable indicates a beneficial effect,
-1 if a lower value of the outcome variable indicates a beneficial effect.

analysis_method: Character value defining the analysis method for
the outcome variable:

"T-test”, "Z-test for proportions” or "Log-rank test" for con-
tinuous, binary and time-to-event endpoint without covariate adjust-
ment, respectively,

("ANCOVA", "Logistic regression” or "Cox regression” for con-
tinuous, binary and time-to-event endpoint with covariate adjustment,
respectively. The covariates to be included in the model are specified
using

cont_covariates and class_covariates.

cont_covariates: Vector of character values defining the names of
the continuous covariates to be included in the model if analysis_method
is set to "ANCOVA", "Logistic regression” or "Cox regression”.
This argument is not required if analysis_method is setto "T-test”,
"Z-test for proportions” or "Log-rank test".

class_covariates: Vector of character values defining the names of

the class/categorical covariates to be included in the model if analysis_method
is set to "ANCOVA", "Logistic regression” or "Cox regression”.

This argument is not required if analysis_method is set to "T-test”,
"Z-test for proportions” or "Log-rank test".

* data_set_parameters: List defining the data set and its characteristics.
The following parameters need to be specified:

— data_set: Character value defining the name of the clinical trial data

set. The package comes with three data sets that are used in the exam-
ples:

continuous: Data set based on a trial with a continuous endpoint.
binary: Data set based on a trial with a binary endpoint.

survival: Data set based on a trial with a time-to-event endpoint.

treatment_variable_name: Character value defining the name of the
treatment variable in the data set. Only two-arm trials are supported.

treatment_variable_control_value: Character value defining the
value of the treatment variable that corresponds to the control arm.

biomarker_names: Vector of character values defining the names of
the candidate biomarkers.

biomarker_types: Vector of character values defining the types of the
candidate biomarkers:
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"numeric” if the biomarker is a continuous variable,
"nominal” if the biomarker is a nominal variable.

— biomarker_levels: Vector of numeric values defining the first sub-
group search level at which each biomarker is introduced. For exam-
ple, if the level is 1, the biomarker will be used in all subgroups and, if
the level is 2, the biomarker will be used only in the second-level and
deeper subgroups. By default, the level is set to 1 for each biomarker.

* algorithm_parameters: List of the subgroup search algorithm’s parame-
ters. The following parameters need to be specified:

— subgroup_search_algorithm: Character value defining the name of
the subgroup search algorithm:
"SIDES procedure”: Basic subgroup search procedure,
"Fixed SIDEScreen procedure”: SIDEScreen procedure with a fixed
number of biomarkers selected for the second stage,
"Adaptive SIDEScreen procedure”: SIDEScreen procedure with a
data-driven number of biomarkers selected for the second stage.

— depth: Integer value defining the subgroup search depth. The default
value is 2.

— width: Integer value defining the subgroup search width. The default
value is 2.

— gamma: Vector of numeric values defining the complexity parameters
(also known as the child-to-parent ratios). The complexity parameters
must be between 0 and 1 (unless no complexity control is applied at
a certain search level in which case the complexity parameter at this
level is set to NA) and the vector’s length must be equal to the search
depth. The default value is 1 at each search level, i.e., by default gamma
is equal to c(1, 1) if the depth parameter is set to 2.

— n_perms_mult_adjust: Integer value defining the number of permu-
tations for computing multiplicity-adjusted treatment effect p-values
within the promising subgroups. The default value is 1000.

— ncores: Integer value defining the number of processor cores that will
be used for computing multiplicity-adjusted treatment effect p-values.
The default value is 1.

— nperc: Integer value defining the minimum number of unique val-
ues for continuous biomarkers for applying a percentile transformation.
The default value is 20.

— min_subgroup_size: Integer value defining the minimum total num-
ber of patients in a promising subgroup. The default value is 30.

— n_top_biomarkers: Integer value defining the number of best biomark-
ers selected for the second stage of the SIDEScreen procedure. This
argument is only required for the Fixed SIDEScreen procedure. The
default value is 3.

— multiplier: Numeric value defining the multiplier in the data-driven
biomarker selection rule for the second stage of the SIDEScreen pro-
cedure. This argument is only required for the Adaptive SIDEScreen
procedure. The default value is 1.
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— n_perms_vi_score: Numeric value defining the number of permuta-
tions used in the data-driven biomarker selection rule for the second
stage of the SIDEScreen procedure. This argument is only required for
the Adaptive SIDEScreen procedure. The default value is 100.

— random_seed: Integer value defining the random seed that will be used
for computing permutation-based multiplicity-adjusted treatment effect
p-values. The default value is 49291.

Value

The function returns an object of class ‘SubgroupSearchResults’. This object is a list with the
following components:

parameters a list containing the user-specified parameters, i.e., endpoint, data set and algo-
rithm parameters.

patient_subgroups

a list containing the subgroup search results, in particular, a summary of the
subgroup effects, a variable importance summary and a brief summary of the
algorithm’s parameters. The summary of subgroup effects provides informa-
tion on the treatment effect in the overall population and promising subgroups
identified by the selected algorithm. The summary includes the number of pa-
tients in each subgroup by trial arm, treatment effect estimate as well as raw and
multiplicity-adjusted p-values. For a continuous primary endpoint, the treatment
effect estimate is defined as the sample mean difference or the mean difference
computed from the ANCOVA model. For a binary primary endpoint, the treat-
ment effect estimate is defined as the sample difference in proportions if the
Z-test for proportions is carried out or the odds ratio computed from the logistic
regression model. Finally, if the primary endpoint is a time-to-event endpoint,
the treatment effect estimate is defined as the hazard ratio based on an expo-
nential distribution assumption if the analysis is based on the log-rank test or
the hazard ratio computed from the Cox proportional hazards model if a model-
based analysis is employed.

A detailed summary of the subgroup search results can be generated using the GenerateReport
function.
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See Also

GenerateReport

survival Example data set (time-to-event endpoint)

Description

Example data set based on a trial with a time-to-event endpoint.

Usage

data(survival)

Format

A data set with 359 observations and 12 variables:

outcome Time-to-event outcome variable. A larger value of the outcome variable (longer survival)
indicates a beneficial effect.

outcome_censor Binary censoring variable (0 or 1). The value of 1 indicates censoring.

treatment Binary treatment variable (O or 1). The values of 0 and 1 correspond to the control and
experimental treatments, respectively.

cont1 Continuous covariate used in the primary analysis model.
cont2 Continuous covariate used in the primary analysis model.
class1 Class/categorical covariate used in the primary analysis model.
class2 Class/categorical covariate used in the primary analysis model.
biomarker1 Numeric biomarker.

biomarker2 Numeric biomarker.

biomarker3 Numeric biomarker.

biomarker4 Numeric biomarker.

biomarker5 Nominal biomarker.
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