
Package: landmaRk (via r-universe)
October 14, 2026

Title Time-to-Event Landmark Analysis using an Array of Longitudinal
and Survival Sub-Models

Version 0.1.4.9000

Description Provides a modular end-to-end framework for dynamic risk
prediction based on time-to-event and longitudinal data. This
allows flexible specifications for the longitudinal and
survival sub-models. The 'landmaRk' package enables
reproducible benchmarks of different model choices, including
cross-validation to assess out-of-sample predictive
performance. Methods are described in Velasco-Pardo, et al.
(2026) <doi:10.48550/arXiv.2606.24678>.

License GPL (>= 3)

BugReports https://github.com/VallejosGroup/landmaRk/issues

Encoding UTF-8

Roxygen list(markdown = TRUE)

Depends R (>= 4.1.0), survival

Imports dplyr, ggplot2, lme4, Matrix, methods, pec, riskRegression,
rlang, lcmm (>= 2.2.2), doParallel, foreach, utils, prodlim

Suggests JMbayes2, knitr, rmarkdown, testthat (>= 3.0.0), xml2,
tidyverse, spelling, joineR, survminer, withr

Config/testthat/edition 3

Config/testthat/parallel true

LazyData true

VignetteBuilder knitr

URL https://vallejosgroup.github.io/landmaRk/,

https://github.com/VallejosGroup/landmaRk

Language en-GB

Config/roxygen2/version 8.1.0

Config/pak/sysreqs cmake make libicu-dev libuv1-dev

Repository https://vallejosgroup.r-universe.dev

1

https://doi.org/10.48550/arXiv.2606.24678
https://github.com/VallejosGroup/landmaRk/issues
https://vallejosgroup.github.io/landmaRk/
https://github.com/VallejosGroup/landmaRk


2 Contents

Date/Publication 2026-10-14 10:22:06 UTC

RemoteUrl https://github.com/vallejosgroup/landmaRk

RemoteRef HEAD

RemoteSha b859adc7bc4aad2511e09cfaa7359e99a2eb4c2f

Contents

check_lcmm_convergence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
cml . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
cml_wbc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
compute_risk_sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
compute_risk_sets,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . 6
epileptic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
fit_longitudinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
fit_longitudinal,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . 9
fit_superlandmark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
fit_superlandmark,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . 12
fit_survival . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
fit_survival,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
LandmarkAnalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
LandmarkAnalysis-class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
ova . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
performance_metrics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
performance_metrics,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . 20
plot,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
plot_hazard_ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
plot_hazard_ratio,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . 23
predict_longitudinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
predict_longitudinal,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . 25
predict_superlandmark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
predict_superlandmark,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . 27
predict_survival . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
predict_survival,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . 29
prune . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
prune,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
prune_risk_sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
prune_risk_sets,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . 31
show,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
split_wide_df . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
summary,LandmarkAnalysis-method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Index 36



check_lcmm_convergence 3

check_lcmm_convergence

Checks convergence of lcmm models

Description

Checks convergence of lcmm models

Usage

check_lcmm_convergence(x)

Arguments

x An object of class LandmarkAnalysis.

Value

No return value. Issues a message if all lcmm models converged, or a warning for each model that
did not converge.

cml Chronic myeloid leukaemia data: static covariates and survival out-
come

Description

Survival outcome and baseline (static) risk factors for 190 patients from the Benelux Chronic
Myeloid Leukaemia (CML) trial (Kluin-Nelemans et al. 1998). The data were originally distributed
in the archived dynpred package (as wbc1).

Usage

data(cml)

Format

A data frame with 190 rows, one per patient:

id integer: patient identifier, shared with cml_wbc.

tyears numeric: time in years until death or last follow-up.

d survival status; 1 = death, 0 = censored.

sokal numeric: Sokal score, a clinical risk index based on spleen size, percentage of circulating
blasts, platelet count and age at diagnosis.

age numeric: age at diagnosis (years).
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Source

The archived dynpred package (GPL (>= 2)), companion to van Houwelingen & Putter (2012).

References

van Houwelingen HC, Putter H (2012). Dynamic Prediction in Clinical Survival Analysis. Chap-
man & Hall.

Kluin-Nelemans JC, Delannoy A, Louwagie A, le Cessie S, Hermans J, van der Burgh JF, Hage-
meijer AM, van den Berghe H, Benelux CML Study Group (1998). Randomized study on hydrox-
yurea alone versus hydroxyurea combined with low-dose interferon-alpha 2b for chronic myeloid
leukemia. Blood. 1998; 91: 2713-2721.

See Also

cml_wbc for the companion longitudinal biomarker data.

cml_wbc Chronic myeloid leukaemia data: longitudinal white blood cell count

Description

Repeated white blood cell count (WBC) measurements for the 190 patients of cml, recorded every
one to two months during the first stage of the Benelux Chronic Myeloid Leukaemia (CML) trial
(Kluin-Nelemans et al. 1998). The data were originally distributed in the archived dynpred package
(as wbc2).

Usage

data(cml_wbc)

Format

A data frame with 5600 rows, in long format (one row per measurement):

id integer: patient identifier, shared with cml.

time numeric: time in years from diagnosis at which the measurement was taken.

lwbc numeric: WBC, transformed and centered as 10 log(WBC)− 0.95.

Source

The archived dynpred package (GPL (>= 2)), companion to van Houwelingen & Putter (2012).
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References

van Houwelingen HC, Putter H (2012). Dynamic Prediction in Clinical Survival Analysis. Chap-
man & Hall.

Kluin-Nelemans JC, Delannoy A, Louwagie A, le Cessie S, Hermans J, van der Burgh JF, Hage-
meijer AM, van den Berghe H, Benelux CML Study Group (1998). Randomized study on hydrox-
yurea alone versus hydroxyurea combined with low-dose interferon-alpha 2b for chronic myeloid
leukemia. Blood. 1998; 91: 2713-2721.

See Also

cml for the companion static covariates and survival outcome.

compute_risk_sets Compute the list of individuals at risk at landmark times

Description

Compute the list of individuals at risk at landmark times

Usage

compute_risk_sets(x, landmarks, .warn_when_less_than = 0, ...)

Arguments

x An object of class LandmarkAnalysis.

landmarks Numeric vector of landmark times
.warn_when_less_than

Integer indicating that a warning will be raised when the number of observations
prior to a landmark time is less than that integer for certain individuals.

... Additional arguments (not used)

Details

A risk set describes all subjects still at risk (i.e., not experienced the event of interest or censored)
at a given time. In LandmarkAnalysis, risk sets define which subjects should be included in the
longitudinal and survival sub-models for each landmark time.

The risk sets are stored in the risk_sets slot of the LandmarkAnalysis object, where each risk set
is a list of indices corresponding to the subjects at risk at the respective landmark time.

Value

An object of class LandmarkAnalysis including desired risk sets for the specified landmark times.
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compute_risk_sets,LandmarkAnalysis-method

Compute the list of individuals at risk at landmark times

Description

Compute the list of individuals at risk at landmark times

Usage

## S4 method for signature 'LandmarkAnalysis'
compute_risk_sets(x, landmarks, .warn_when_less_than = 0, ...)

Arguments

x An object of class LandmarkAnalysis.
landmarks Numeric vector of landmark times
.warn_when_less_than

Integer indicating that a warning will be raised when the number of observations
prior to a landmark time is less than that integer for certain individuals.

... Additional arguments (not used)

Details

A risk set describes all subjects still at risk (i.e., not experienced the event of interest or censored)
at a given time. In LandmarkAnalysis, risk sets define which subjects should be included in the
longitudinal and survival sub-models for each landmark time.

The risk sets are stored in the risk_sets slot of the LandmarkAnalysis object, where each risk set
is a list of indices corresponding to the subjects at risk at the respective landmark time.

Value

An object of class LandmarkAnalysis, including desired risk sets for the relevant landmark times.

epileptic Dose calibration of anti-epileptic drugs data

Description

The SANAD (Standard and New Anti-epileptic Drugs) study (Marson et al., 2007) is a randomized
control trial of standard and new anti-epileptic drugs, comparing effects on longer term clinical out-
comes. The data consists of longitudinal measurements of calibrated dose for the groups random-
ized to a standard drug (CBZ) and a new drug (LTG). The objective of the analysis is to investigate
the effect of drug titration on the relative effects of LTG and CBZ on treatment failure (withdrawal
of the randomized drug). There are several baseline covariates available, and also data on the time
to withdrawal from randomized drug. This version of the data has been modified from the joineR
package.
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Usage

data(epileptic)

Format

This is a data frame in the unbalanced format, that is, with one row per observation. The data
consists of columns for patient identifier, time of measurement, calibrated dose, baseline covariates,
and survival data. The column names are identified as follows:

id integer: patient identifier.

time integer: timing of clinic visit at which dose recorded (days).

with.time integer: time of drug withdrawal/maximum follow up time (days).

with.status censoring indicator (1 = withdrawal of randomized drug and 0 = not withdrawn from
randomized drug/lost to follow up).

dose numeric: calibrated dose.

treat factor: randomized treatment (CBZ or LTG).

age numeric: age of patient at randomization (years).

gender factor: gender of patient. F = female, M = male.

learn.dis factor: learning disability.

Source

SANAD Trial Group, University of Liverpool. Data modified from the joineR package.

References

Marson AG, Appleton R, Baker GA, et al. A randomised controlled trial examining longer-term
outcomes of standard versus new antiepileptic drugs. The SANAD Trial. Health Tech Assess.
2007; 11(37).

Marson AG, Al-Kharusi AM, Alwaidh M, et al. The SANAD study of effectiveness of carba-
mazepine, gabapentin, lamotrigine, oxcarbazepine, or topiramate for treatment of partial epilepsy:
an unblinded randomised controlled trial. Lancet. 2007; 365: 2007-2013.

Williamson PR, Kolamunnage-Dona R, Philipson P, Marson AG. Joint modelling of longitudinal
and competing risks data. Stats Med. 2008; 27(30): 6426-6438.

See Also

joineR::epileptic, which this dataset was modified from.



8 fit_longitudinal

fit_longitudinal Fits the specified longitudinal model for time-varying covariates up to
the landmark times

Description

Fits the specified longitudinal model for time-varying covariates up to the landmark times

Usage

fit_longitudinal(
x,
landmarks,
method,
formula,
dynamic_covariates,
validation_fold = 0,
cores = getOption("Ncpus", 1L),
.warn_when_prop_few_obs = 0.25,
...

)

Arguments

x An object of class LandmarkAnalysis.
landmarks A vector of Landmark times.
method Either "lcmm" or "lme4" or a function for fitting a longitudinal data model,

where the first argument is a formula, and also has a data argument. Only
needed for fit-based prediction methods used later in predict_longitudinal
(e.g. "lcmm", "lme4"); summary measures such as "locf" are computed di-
rectly from the data and do not require a call to fit_longitudinal.

formula A formula to be used in longitudinal sub-model fitting.
dynamic_covariates

Vector of time-varying covariates to be modelled as the outcome of a longitudi-
nal model.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed using the complete dataset.

cores Number of cores/threads to be used for parallel computation on Linux and Ma-
cOS. Defaults to either options("Ncpus") if set, or 1 (single threaded) other-
wise. Only single-threaded computation is currently supported on Windows.

.warn_when_prop_few_obs

Threshold proportion (0-1) for warning when individuals have 0 or 1 obser-
vations. Defaults to 0.25 (i.e., warn when 25% or more individuals have few
observations).

... Additional arguments passed to the longitudinal model fitting function (e.g.
number of classes/clusters for lcmm).
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Details

Parallel processing:
As the longitudinal model for each landmark time is independent of the longitudinal models for
other landmark times, parallel processing can be used to vastly speed up computation. Currently
only Unix-like operating systems are supported by landmaRk.

Value

An object of class LandmarkAnalysis.

See Also

lcmm::hlme() and lme4::lmer() for additional arguments.

fit_longitudinal,LandmarkAnalysis-method

Fits the specified longitudinal model for time-varying covariates up to
the landmark times

Description

Fits the specified longitudinal model for time-varying covariates up to the landmark times

Usage

## S4 method for signature 'LandmarkAnalysis'
fit_longitudinal(

x,
landmarks,
method,
formula,
dynamic_covariates,
validation_fold = 0,
cores = getOption("Ncpus", 1L),
.warn_when_prop_few_obs = 0.25,
...

)

Arguments

x An object of class LandmarkAnalysis.

landmarks A vector of Landmark times.

method Either "lcmm" or "lme4" or a function for fitting a longitudinal data model,
where the first argument is a formula, and also has a data argument. Only
needed for fit-based prediction methods used later in predict_longitudinal
(e.g. "lcmm", "lme4"); summary measures such as "locf" are computed di-
rectly from the data and do not require a call to fit_longitudinal.
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formula A formula to be used in longitudinal sub-model fitting.

dynamic_covariates

Vector of time-varying covariates to be modelled as the outcome of a longitudi-
nal model.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed using the complete dataset.

cores Number of cores/threads to be used for parallel computation on Linux and Ma-
cOS. Defaults to either options("Ncpus") if set, or 1 (single threaded) other-
wise. Only single-threaded computation is currently supported on Windows.

.warn_when_prop_few_obs

Threshold proportion (0-1) for warning when individuals have 0 or 1 obser-
vations. Defaults to 0.25 (i.e., warn when 25% or more individuals have few
observations).

... Additional arguments passed to the longitudinal model fitting function (e.g.
number of classes/clusters for lcmm).

Details

Parallel processing:
As the longitudinal model for each landmark time is independent of the longitudinal models for
other landmark times, parallel processing can be used to vastly speed up computation. How-
ever, due to issues with parallel processing in R, currently only Unix-like operating systems are
supported by landmaRk.

Value

An object of class LandmarkAnalysis.

See Also

lcmm::hlme() and lme4::lmer() for additional arguments.

fit_superlandmark Fits a survival model pooled across several landmark times (super-
landmarking)

Description

Fits a survival model pooled across several landmark times (superlandmarking)
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Usage

fit_superlandmark(
x,
formula,
landmarks,
w,
dynamic_covariates = c(),
include_clusters = FALSE,
validation_fold = 0

)

Arguments

x An object of class LandmarkAnalysis.

formula A formula to be used in survival submodel fitting. Must reference the LM column
directly to model landmark-varying covariate effects (e.g. via an interaction with
a function of LM) or a landmark-varying baseline hazard (via strata(LM)).

landmarks Numeric vector of at least two landmark times, for which risk sets must already
have been computed via compute_risk_sets.

w Scalar prediction window. Each landmark time s in landmarks uses the (fixed)
horizon s+ w.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.
include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

Details

This function implements "superlandmarking": a single Cox model is fitted to a "superdataset"
subjects are present as many times as landmarks they are at risk. The landmark time is available
to formula as the LM column, so that covariate effects and/or the baseline hazard can be allowed to
vary with landmark time (via an interaction term with covariates f(LM), or strata(LM)).

Because each subject contributes one row per landmark at which they are still at risk, a cluster(@ids)
term is added to formula automatically (unless already present).

Value

An object of class LandmarkAnalysis.

Examples

data(epileptic)
epileptic_dfs <- split_wide_df(
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epileptic,
ids = "id", times = "time",
static = c("with.time", "with.status", "treat", "age", "gender", "learn.dis"),
dynamic = c("dose"),
measurement_name = "value"

)
x <- LandmarkAnalysis(

data_static = epileptic_dfs$df_static,
data_dynamic = epileptic_dfs$df_dynamic,
event_indicator = "with.status",
ids = "id", event_time = "with.time",
times = "time", measurements = "value"

) |>
compute_risk_sets(c(90, 180, 365.25)) |>
fit_superlandmark(

formula = survival::Surv(event_time, event_status) ~
treat * splines::ns(LM, 2) + age + strata(LM),

landmarks = c(90, 180, 365.25),
w = 2 * 365.25

)

fit_superlandmark,LandmarkAnalysis-method

Fits a survival model pooled across several landmark times (super-
landmarking)

Description

Fits a survival model pooled across several landmark times (superlandmarking)

Usage

## S4 method for signature 'LandmarkAnalysis'
fit_superlandmark(

x,
formula,
landmarks,
w,
dynamic_covariates = c(),
include_clusters = FALSE,
validation_fold = 0

)

Arguments

x An object of class LandmarkAnalysis.

formula A formula to be used in survival submodel fitting. Must reference the LM column
directly to model landmark-varying covariate effects (e.g. via an interaction with
a function of LM) or a landmark-varying baseline hazard (via strata(LM)).
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landmarks Numeric vector of at least two landmark times, for which risk sets must already
have been computed via compute_risk_sets.

w Scalar prediction window. Each landmark time s in landmarks uses the (fixed)
horizon s+ w.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.
include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

Value

An object of class LandmarkAnalysis.

fit_survival Fits the specified survival model at the landmark times and up to the
horizon times specified by the user

Description

Fits the specified survival model at the landmark times and up to the horizon times specified by the
user

Usage

fit_survival(
x,
formula,
landmarks,
horizons,
method,
dynamic_covariates = c(),
include_clusters = FALSE,
censor_at_horizon = FALSE,
validation_fold = 0,
cause = 1

)

Arguments

x An object of class LandmarkAnalysis.

formula A formula to be used in survival sub-model fitting.

landmarks Numeric vector of landmark times.
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horizons Vector of prediction horizons up to when the survival submodel is fitted.

method Method for survival analysis: "survfit", "coxph" or "finegray". "finegray" fits
a Fine-Gray model for the subdistribution hazard of cause, by transforming
the data with finegray and fitting a weighted Cox model to the result; this
requires @event_indicator to encode competing risks as 0 (censoring) plus
one numeric code per competing cause.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.
include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

censor_at_horizon

Boolean indicating whether to censor observations at horizon times
validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

cause Only used when method = "finegray". Numeric code (in @event_indicator)
of the cause of interest whose subdistribution hazard is modelled; competing
events are coded as any other non-zero, non-cause value. Defaults to 1.

Details

Mathematical formulation:
This function estimates the conditional probability of survival to horizon s + w, conditioned on
having survived to the landmark time, s, that is

πi(s+ w|s) = P (Ti > s+ w|Ti ≥ s, x̄i(s)),

where i denotes an individual’s index, Ti is the time to event outcome for individual i and x̄i(s)
are the covariates observed for individual i, including the observed history of dynamic covariates.

Value

An object of class LandmarkAnalysis.

fit_survival,LandmarkAnalysis-method

Fits the specified survival model at the landmark times and up to the
horizon times specified by the user

Description

Fits the specified survival model at the landmark times and up to the horizon times specified by the
user
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Usage

## S4 method for signature 'LandmarkAnalysis'
fit_survival(

x,
formula,
landmarks,
horizons,
method,
dynamic_covariates = c(),
include_clusters = FALSE,
censor_at_horizon = FALSE,
validation_fold = 0,
cause = 1

)

Arguments

x An object of class LandmarkAnalysis.

formula A formula to be used in survival sub-model fitting.

landmarks Numeric vector of landmark times.

horizons Vector of prediction horizons up to when the survival submodel is fitted.

method Method for survival analysis: "survfit", "coxph" or "finegray". "finegray" fits
a Fine-Gray model for the subdistribution hazard of cause, by transforming
the data with finegray and fitting a weighted Cox model to the result; this
requires @event_indicator to encode competing risks as 0 (censoring) plus
one numeric code per competing cause.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.
include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

censor_at_horizon

Boolean indicating whether to censor observations at horizon times
validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

cause Only used when method = "finegray". Numeric code (in @event_indicator)
of the cause of interest whose subdistribution hazard is modelled; competing
events are coded as any other non-zero, non-cause value. Defaults to 1.

Details

Mathematical formulation:
This function estimates the conditional probability of survival to horizon s + w, conditioned on
having survived to the landmark time, s, that is

πi(s+ w|s) = P (Ti > s+ w|Ti ≥ s, x̄i(s)),
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where i denotes an individual’s index, Ti is the time to event outcome for individual i and x̄i(s)
are the covariates observed for individual i, including the observed history of dynamic covariates.

Value

An object of class LandmarkAnalysis.

LandmarkAnalysis Creates an S4 class for a landmarking analysis

Description

Creates an S4 class for a landmarking analysis

Usage

LandmarkAnalysis(
data_static,
data_dynamic,
event_indicator,
ids,
event_time,
times,
measurements,
censor_at_landmark = TRUE,
K = 1

)

Arguments

data_static A data frame containing subject ids, static covariates,
data_dynamic Data frame in long format with subject ids, measurement values, measurement

times and measurement name.
event_indicator

Name of the column indicating event or censoring.
ids Name of the column indicating subject ids.
event_time Name of the column indicating time of the event/censoring.
times Name of the column indicating observation time in data_dynamic.
measurements Name of the column indicating measurement values in data_dynamic.
censor_at_landmark

Boolean indicating whether to fit a single longitudinal model to the complete
dataset (FALSE) or to censor observations at the landmark time prior to fitting
the longitudinal model, iterating through landmark times (TRUE; default)

K Number of cross-validation folds (by default, 1).

Value

An object of class LandmarkAnalysis
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LandmarkAnalysis-class

S4 class for performing a landmarking analysis

Description

S4 class for performing a landmarking analysis

Slots

landmarks A numeric vector of landmark times.

data_static A data frame containing subject ids, static covariates,

data_dynamic Data frame in long format with subject ids, measurement values, measurement
times and measurement name.

event_indicator Name of the column indicating event or censoring.

ids Name of the column indicating subject ids.

times Name of the column indicating observation time in data_dynamic.

measurements Name of the column indicating measurement values in data_dynamic.

censor_at_landmark Boolean indicating whether to fit a single longitudinal model to the com-
plete dataset (FALSE) or to censor observations at the landmark time prior to fitting the lon-
gitudinal model, iterating through landmark times (TRUE; default)

event_time Name of the column indicating time of the event/censoring.

risk_sets List of indices.

longitudinal_fits List of model fits for the specified landmark times and biomarkers.

longitudinal_predictions List of model predictions for the specified landmark times and biomark-
ers.

longitudinal_predictions_test List of out-of-sample predictions for the specified landmark
times and biomarkers.

survival_datasets List of survival dataframes used in the survival submodel.

survival_datasets_test List of survival dataframes used for out-of-sample predictions with the
survival submodel.

survival_fits List of survival model fits at each of the specified landmark times.

survival_predictions List of time-to-event predictions for the specified landmark times and
prediction horizons.

survival_predictions_test List of out-of-sample predictions for the time-to-event outcome if
K > 1.

superlandmark_datasets List of stacked "superdatasets" (one row per subject per landmark time,
administratively censored at the corresponding horizon) used to fit superlandmark survival
submodels, as produced by fit_superlandmark.

superlandmark_datasets_test List of stacked superdatasets used for out-of-sample superland-
mark predictions.
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superlandmark_fits List of survival model fits pooled across landmark times, as produced by
fit_superlandmark.

superlandmark_predictions List of time-to-event predictions from superlandmark submodels.

superlandmark_predictions_test List of out-of-sample time-to-event predictions from super-
landmark submodels if K > 1.

K Number of cross-validation folds (1 by default)

cv_folds Data frame associating individuals to cross-validation folds

ova Advanced ovarian cancer data

Description

Data from two clinical trials comparing combination chemotherapies for advanced ovarian cancer
(Neijt et al. 1984, 1987). The data were originally distributed in the archived dynpred package (as
ova).

Usage

data(ova)

Format

A data frame with 358 rows, one per patient:

tyears numeric: time in years until death or last follow-up.

d survival status; 1 = death, 0 = censored.

Karn numeric: Karnofsky score, recoded from 6 (≤ 60) to 10 (100).

Broders factor: Broders’ histological grade, with levels "1", "2", "3", "4", "unknown".

FIGO factor: FIGO stage, with levels "III" and "IV".

Ascites factor: presence of ascites, with levels "absent", "present", "unknown".

Diam factor: diameter of the residual tumour, with levels "micr.", "<1cm", "1-2cm", "2-5cm",
">5cm".

id integer: patient identifier.

Source

The archived dynpred package (GPL (>= 2)), companion to van Houwelingen & Putter (2012).



performance_metrics 19

References

van Houwelingen HC, Putter H (2012). Dynamic Prediction in Clinical Survival Analysis. Chap-
man & Hall.

Neijt JP, ten Bokkel Huinink WW, van der Burg MEL, et al. Randomised trial comparing two com-
bination chemotherapy regimens (Hexa-CAF vs CHAP-5) in advanced ovarian carcinoma. Lancet.
1984; 2: 594-600.

Neijt JP, ten Bokkel Huinink WW, van der Burg MEL, et al. Randomized trial comparing two com-
bination chemotherapy regimens (CHAP-5 vs CP) in advanced ovarian carcinoma. J Clin Oncol.
1987; 5: 1157-1168.

performance_metrics Performance metrics

Description

Computes concordance index (c-index) and Brier scores at the specified landmark times and pre-
diction horizons.

Usage

performance_metrics(
x,
landmarks,
horizons,
c_index = TRUE,
brier = TRUE,
auc_t = FALSE,
train = TRUE,
h_times = c(),
cause = 1

)

Arguments

x An object of class LandmarkAnalysis.
landmarks A numeric vector of landmark times.
horizons Vector of prediction horizons up to when the survival submodel is fitted.
c_index A logical. If TRUE (default), C index is reported.
brier A logical. If TRUE (default), Brier score is reported.
auc_t A logical. If TRUE, AUC_t is reported.
train A logical. If TRUE (default), performance metrics are computed in the training

set. If FALSE, they are computed in the test set.
h_times A numeric vector of prediction horizon times, specified relative to each land-

mark time, at which auc_t and Brier scores are calculated.
cause Numeric code (in @event_indicator) of the event of interest used when com-

puting competing-risks metrics with Score. Defaults to 1.
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Value

Data frame with performance metrics across the specified landmark times and prediction horizons.

performance_metrics,LandmarkAnalysis-method

Performance metrics

Description

Computes concordance index (c-index) and Brier scores at the specified landmark times and pre-
diction horizons.

Usage

## S4 method for signature 'LandmarkAnalysis'
performance_metrics(

x,
landmarks,
horizons,
c_index = TRUE,
brier = TRUE,
auc_t = FALSE,
train = TRUE,
h_times = c(),
cause = 1

)

Arguments

x An object of class LandmarkAnalysis.
landmarks A numeric vector of landmark times.
horizons Vector of prediction horizons up to when the survival submodel is fitted.
c_index A logical. If TRUE (default), C index is reported.
brier A logical. If TRUE (default), Brier score is reported.
auc_t A logical. If TRUE, AUC_t is reported.
train A logical. If TRUE (default), performance metrics are computed in the training

set. If FALSE, they are computed in the test set.
h_times A numeric vector of prediction horizon times, specified relative to each land-

mark time, at which auc_t and Brier scores are calculated.
cause Numeric code (in @event_indicator) of the event of interest used when com-

puting competing-risks metrics with Score. Defaults to 1.

Value

Data frame with performance metrics across the specified landmark times and prediction horizons.
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plot,LandmarkAnalysis-method

Plot longitudinal observations and predicted survival curve for one
individual

Description

Produces a single, self-explanatory panel with a common time axis. To the left of the landmark
dashed line, the individual’s observed longitudinal measurements are shown, together with model-
based context depending on the longitudinal sub-model used at that landmark:

• LOCF (or another summary measure): the last observed value is carried forward to the land-
mark (dashed segment).

• lme4: the population-average trajectory (fixed effects only) and the individual’s predicted
trajectory (including their predicted random effects) are both drawn.

• lcmm: the average trajectory of every latent cluster is drawn, together with the individual’s
own predicted trajectory (each cluster’s fixed effects plus the individual’s predicted random
effects, averaged across clusters using the individual’s posterior class-membership probabili-
ties). The individual’s most likely cluster and their posterior probability of belonging to each
cluster are noted in the plot title/subtitle.

In every case, the value that is actually fed into the survival sub-model is highlighted at the land-
mark. To the right of the landmark dashed line, the individual’s predicted survival curve is shown
on a secondary axis. A legend identifies every series.

Usage

## S4 method for signature 'LandmarkAnalysis'
plot(x, id, landmark, dynamic_covariate, horizon = NULL, train = TRUE, ...)

Arguments

x An object of class LandmarkAnalysis.

id Identifier of the individual to plot. Must match a value in the column x@ids.

landmark Numeric landmark time.
dynamic_covariate

Character name of the dynamic covariate to display.

horizon Numeric horizon time. If NULL (default), uses the single available horizon for
landmark; errors when multiple horizons are available.

train Logical. If TRUE (default), uses in-sample predictions. If FALSE, uses out-of-
sample predictions (requires validation_fold > 0 in predict_survival).

... Additional arguments (not currently used).

Value

A ggplot object.
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plot_hazard_ratio Plot the hazard ratio of a covariate as a function of landmark time

Description

Plot the hazard ratio of a covariate as a function of landmark time

Usage

plot_hazard_ratio(
x,
covariate,
landmarks,
w,
type = c("crude", "supermodel", "both"),
contrast = 1,
newdata = NULL,
level = 0.95

)

Arguments

x An object of class LandmarkAnalysis.

covariate Character name of the (numeric) covariate to compute the hazard ratio for.

landmarks Numeric vector of landmark times. For type = "crude", a fit must already ex-
ist in x@survival_fits for each landmark (via fit_survival) at window w;
for type = "supermodel", a superlandmark model must already exist for this
landmarks/w pair (via fit_superlandmark).

w Scalar prediction window, as passed to fit_survival (horizons landmarks +
w) and/or fit_superlandmark.

type Whether to plot the crude per-landmark estimates, the pooled supermodel curve,
or both.

contrast Numeric increase in covariate to compute the hazard ratio for (defaults to 1,
i.e. the usual per-unit hazard ratio).

newdata A single-row data.frame giving values for every other covariate in the model
(excluding covariate and LM). Defaults to the mean/first level of each from
x@data_static.

level Confidence level for the pointwise intervals (default 0.95).

Details

For every landmark time, the hazard ratio associated with a contrast-unit increase in covariate
is computed as log(HR) = (x1 − x0)

⊤β̂.

Any other covariate present in the formula is held fixed at the mean (numeric) or first level (factor)
of x@data_static, unless overridden via newdata.
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Value

A ggplot object.

plot_hazard_ratio,LandmarkAnalysis-method

Plot the hazard ratio of a covariate as a function of landmark time

Description

Plot the hazard ratio of a covariate as a function of landmark time

Usage

## S4 method for signature 'LandmarkAnalysis'
plot_hazard_ratio(

x,
covariate,
landmarks,
w,
type = c("crude", "supermodel", "both"),
contrast = 1,
newdata = NULL,
level = 0.95

)

Arguments

x An object of class LandmarkAnalysis.

covariate Character name of the (numeric) covariate to compute the hazard ratio for.

landmarks Numeric vector of landmark times. For type = "crude", a fit must already ex-
ist in x@survival_fits for each landmark (via fit_survival) at window w;
for type = "supermodel", a superlandmark model must already exist for this
landmarks/w pair (via fit_superlandmark).

w Scalar prediction window, as passed to fit_survival (horizons landmarks +
w) and/or fit_superlandmark.

type Whether to plot the crude per-landmark estimates, the pooled supermodel curve,
or both.

contrast Numeric increase in covariate to compute the hazard ratio for (defaults to 1,
i.e. the usual per-unit hazard ratio).

newdata A single-row data.frame giving values for every other covariate in the model
(excluding covariate and LM). Defaults to the mean/first level of each from
x@data_static.

level Confidence level for the pointwise intervals (default 0.95).



24 predict_longitudinal

Value

A ggplot object.

predict_longitudinal Make predictions for time-varying covariates at specified landmark
times

Description

Make predictions for time-varying covariates at specified landmark times

Usage

predict_longitudinal(
x,
landmarks,
method,
dynamic_covariates,
validation_fold = 0,
...

)

Arguments

x An object of class LandmarkAnalysis.

landmarks A numeric vector of landmark times.

method Longitudinal data analysis method used to make predictions. Either "lcmm",
"lme4", "locf", or a function, which can be one of two kinds:

• A summary measure, like "locf", computed directly from the raw lon-
gitudinal data and not requiring a model to have been previously fit with
fit_longitudinal. Such a function must have the arguments data, id,
time, value and landmark (and optionally further arguments passed through
...), and must return a named vector (or a two-column data frame) with
one summary value per individual in the risk set.

• A prediction function for a model previously fit with fit_longitudinal
(as is the case for "lcmm" and "lme4"), where the first argument is the fitted
model object, and which also has newdata and subject arguments.

dynamic_covariates

Vector of time-varying covariates to be modelled as the outcome of a longitudi-
nal model.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed in the complete dataset.

... Additional arguments passed to the prediction function (e.g. number of classes/clusters
for lcmm).
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Value

An object of class LandmarkAnalysis.

predict_longitudinal,LandmarkAnalysis-method

Make predictions for time-varying covariates at specified landmark
times

Description

Make predictions for time-varying covariates at specified landmark times

Usage

## S4 method for signature 'LandmarkAnalysis'
predict_longitudinal(

x,
landmarks,
method,
dynamic_covariates,
validation_fold = 0,
...

)

Arguments

x An object of class LandmarkAnalysis.
landmarks A numeric vector of landmark times.
method Longitudinal data analysis method used to make predictions. Either "lcmm",

"lme4", "locf", or a function, which can be one of two kinds:
• A summary measure, like "locf", computed directly from the raw lon-

gitudinal data and not requiring a model to have been previously fit with
fit_longitudinal. Such a function must have the arguments data, id,
time, value and landmark (and optionally further arguments passed through
...), and must return a named vector (or a two-column data frame) with
one summary value per individual in the risk set.

• A prediction function for a model previously fit with fit_longitudinal
(as is the case for "lcmm" and "lme4"), where the first argument is the fitted
model object, and which also has newdata and subject arguments.

dynamic_covariates

Vector of time-varying covariates to be modelled as the outcome of a longitudi-
nal model.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed in the complete dataset.

... Additional arguments passed to the prediction function (e.g. number of classes/clusters
for lcmm).
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Value

An object of class LandmarkAnalysis.

predict_superlandmark Make predictions from a superlandmark survival model

Description

Make predictions from a superlandmark survival model

Usage

predict_superlandmark(
x,
landmarks,
w,
dynamic_covariates = c(),
include_clusters = FALSE,
validation_fold = 0

)

Arguments

x An object of class LandmarkAnalysis.

landmarks Numeric vector of at least two landmark times, for which risk sets must already
have been computed via compute_risk_sets.

w Scalar prediction window. Each landmark time s in landmarks uses the (fixed)
horizon s+ w.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.

include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

Value

An object of class LandmarkAnalysis.
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predict_superlandmark,LandmarkAnalysis-method

Make predictions from a superlandmark survival model

Description

Make predictions from a superlandmark survival model

Usage

## S4 method for signature 'LandmarkAnalysis'
predict_superlandmark(

x,
landmarks,
w,
dynamic_covariates = c(),
include_clusters = FALSE,
validation_fold = 0

)

Arguments

x An object of class LandmarkAnalysis.

landmarks Numeric vector of at least two landmark times, for which risk sets must already
have been computed via compute_risk_sets.

w Scalar prediction window. Each landmark time s in landmarks uses the (fixed)
horizon s+ w.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.

include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

Value

An object of class LandmarkAnalysis.
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predict_survival Make predictions for time-to-event outcomes at specified horizon times

Description

Make predictions for time-to-event outcomes at specified horizon times

Usage

predict_survival(
x,
landmarks,
horizons,
method = "survfit",
dynamic_covariates = c(),
include_clusters = FALSE,
censor_at_horizon = FALSE,
validation_fold = 0,
...

)

Arguments

x An object of class LandmarkAnalysis.

landmarks Numeric vector of landmark times.

horizons Vector of prediction horizons up to when the survival submodel is fitted.

method Name of the function that is used to make predictions. At the moment, ’survfit’
is the only supported @method.

dynamic_covariates

Vector of time-varying covariates to be used in the survival model.
include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

censor_at_horizon

Boolean indicating whether to censor observations at horizon times
validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

... Additional arguments passed to the prediction function (e.g. number of classes/clusters
for lcmm).

Value

An object of class LandmarkAnalysis.
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predict_survival,LandmarkAnalysis-method

Make predictions for time-to-event outcomes at specified horizon times

Description

Make predictions for time-to-event outcomes at specified horizon times

Usage

## S4 method for signature 'LandmarkAnalysis'
predict_survival(

x,
landmarks,
horizons,
method = "survfit",
dynamic_covariates = c(),
include_clusters = FALSE,
censor_at_horizon = FALSE,
validation_fold = 0,
...

)

Arguments

x An object of class LandmarkAnalysis.
landmarks Numeric vector of landmark times.
horizons Vector of prediction horizons up to when the survival submodel is fitted.
method Name of the function that is used to make predictions. At the moment, ’survfit’

is the only supported @method.
dynamic_covariates

Vector of time-varying covariates to be used in the survival model.
include_clusters

Boolean indicating whether to propagate cluster membership to survival analy-
sis.

censor_at_horizon

Boolean indicating whether to censor observations at horizon times
validation_fold

If positive, cross-validation fold where model is fitted. If 0 (default), model
fitting is performed on the complete dataset.

... Additional arguments passed to the prediction function (e.g. number of classes/clusters
for lcmm).

Value

An object of class LandmarkAnalysis.
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prune Prunes a landmark time from a LandmarkAnalysis, removing the risk
set, longitudinal submodel and survival submodel from the object.

Description

Prunes a landmark time from a LandmarkAnalysis, removing the risk set, longitudinal submodel
and survival submodel from the object.

Usage

prune(x, ...)

Arguments

x An object of class LandmarkAnalysis.
... Additional arguments

Value

An object of class LandmarkAnalysis.

prune,LandmarkAnalysis-method

Prunes a landmark time from a LandmarkAnalysis, removing the risk
set, longitudinal submodel and survival submodel from the object.

Description

Prunes a landmark time from a LandmarkAnalysis, removing the risk set, longitudinal submodel
and survival submodel from the object.

Usage

## S4 method for signature 'LandmarkAnalysis'
prune(x, landmark = NULL, ...)

Arguments

x An object of class LandmarkAnalysis.
landmark A numeric indicating the landmark time.
... Additional arguments (not currently used)

Value

An object of class LandmarkAnalysis.
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prune_risk_sets Prune a set of individuals from a risk set

Description

Prune a set of individuals from a risk set

Usage

prune_risk_sets(x, landmark, individuals)

Arguments

x An object of class LandmarkAnalysis.

landmark a landmark time

individuals Vector of individuals to be pruned from

Value

An object of class LandmarkAnalysis after having pruned the individuals indicated in individuals
from the risk set at landmark time landmark.

prune_risk_sets,LandmarkAnalysis-method

Prune a set of individuals from a risk set

Description

Prune a set of individuals from a risk set

Usage

## S4 method for signature 'LandmarkAnalysis'
prune_risk_sets(x, landmark, individuals)

Arguments

x An object of class LandmarkAnalysis.

landmark a landmark time

individuals Vector of individuals to be pruned from

Value

An object of class LandmarkAnalysis after having pruned the individuals indicated in individuals
from the risk set at landmark time landmark.
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show,LandmarkAnalysis-method

Displays an object of class "LandmarkAnalysis"

Description

Displays an object of class "LandmarkAnalysis"

Usage

## S4 method for signature 'LandmarkAnalysis'
show(object)

Arguments

object An object of class LandmarkAnalysis.

Value

No return value(prints a summary to the console).

Examples

data(epileptic)
epileptic_dfs <- split_wide_df(

epileptic,
ids = "id", times = "time",
static = c("with.time", "with.status", "treat", "age", "gender", "learn.dis"),
dynamic = c("dose"),
measurement_name = "value"

)
x <- LandmarkAnalysis(

data_static = epileptic_dfs$df_static,
data_dynamic = epileptic_dfs$df_dynamic,
event_indicator = "with.status",
ids = "id", event_time = "with.time",
times = "time", measurements = "value"

) |>
compute_risk_sets(365.25)

show(x)
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split_wide_df Split a wide dataframe containing static and dynamic covariates and
splits in into a dataframe with the static covariates and a list of
dataframes, each associated to a dynamic covariate.

Description

Split a wide dataframe containing static and dynamic covariates and splits in into a dataframe with
the static covariates and a list of dataframes, each associated to a dynamic covariate.

Usage

split_wide_df(df, ids, times, static, dynamic, measurement_name)

Arguments

df A dataframe in wide format.
ids The name of the column that identifies individuals in df.
times The name of the column that identifies measurement times in df.
static A vector with the column names in df that store static covariates.
dynamic A vector with the column names in df that store dynamic covariates.
measurement_name

The name for the columns where values of dynamic covariates will be stored.

Value

A data frame with the static covariates, and a list of data frames, one per dynamic covariate.

summary,LandmarkAnalysis-method

Summarise a LandmarkAnalysis object

Description

Summarise a LandmarkAnalysis object

Usage

## S4 method for signature 'LandmarkAnalysis'
summary(

object,
type = c("longitudinal", "survival"),
landmark,
horizon = NULL,
dynamic_covariate = NULL

)



34 summary,LandmarkAnalysis-method

Arguments

object An object of class LandmarkAnalysis.

type If longitudinal, it summarises the longitudinal submodel. If survival, it
summarises the survival submodel.

landmark A numeric indicating the landmark time.

horizon For survival submodels, a numeric indicating the horizon time.
dynamic_covariate

For longitudinal submodels, a character indicating the dynamic covariate

Value

A summary of the desired submodel, printed to the console. Returns NULL invisibly.

Examples

data(epileptic)
epileptic_dfs <- split_wide_df(

epileptic,
ids = "id", times = "time",
static = c("with.time", "with.status", "treat", "age", "gender", "learn.dis"),
dynamic = c("dose"),
measurement_name = "value"

)
x <- LandmarkAnalysis(

data_static = epileptic_dfs$df_static,
data_dynamic = epileptic_dfs$df_dynamic,
event_indicator = "with.status",
ids = "id", event_time = "with.time",
times = "time", measurements = "value"

) |>
compute_risk_sets(365.25) |>
fit_survival(

formula = survival::Surv(event_time, event_status) ~ treat + age,
landmarks = 365.25,
horizons = 2 * 365.25,
method = "coxph"

)
summary(x, type = "survival", landmark = 365.25, horizon = 2 * 365.25)

# Full pipeline including longitudinal submodel
x2 <- LandmarkAnalysis(

data_static = epileptic_dfs$df_static,
data_dynamic = epileptic_dfs$df_dynamic,
event_indicator = "with.status",
ids = "id", event_time = "with.time",
times = "time", measurements = "value"

) |>
compute_risk_sets(365.25) |>
fit_longitudinal(

landmarks = 365.25,
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method = "lme4",
formula = value ~ treat + age + gender + learn.dis + (1 | id),
dynamic_covariates = c("dose")

) |>
predict_longitudinal(

landmarks = 365.25,
method = "lme4",
allow.new.levels = TRUE,
dynamic_covariates = c("dose")

) |>
fit_survival(

formula = survival::Surv(event_time, event_status) ~
treat + age + gender + learn.dis + dose,

landmarks = 365.25,
horizons = 2 * 365.25,
method = "coxph",
dynamic_covariates = c("dose")

) |>
predict_survival(landmarks = 365.25, horizons = 2 * 365.25)

summary(x2, type = "longitudinal", landmark = 365.25, dynamic_covariate = "dose")
summary(x2, type = "survival", landmark = 365.25, horizon = 2 * 365.25)
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