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Abstract

flexsurv is an R package for fully-parametric modelling of survival data. Any para-
metric time-to-event distribution may be fitted if the user supplies a probability density
or hazard function, and ideally also their cumulative versions. Standard survival distri-
butions are built in, including the three and four-parameter generalized gamma and F
distributions. Any parameter of any distribution can be modelled as a linear or log-linear
function of covariates. The package also includes the spline model of Royston and Parmar
(2002), in which both baseline survival and covariate effects can be arbitrarily flexible
parametric functions of time. The main model-fitting function, flexsurvreg, uses the fa-
miliar syntax of survreg from the standard survival package (Therneau 2014). Censoring
or left-truncation are specified in Surv objects. The models are fitted by maximising the
full log-likelihood, and estimates and confidence intervals for any function of the model
parameters can be printed or plotted. flexsurv also provides functions for fitting and pre-
dicting from fully-parametric multi-state models, and connects with the mstate package
(de Wreede et al. 2011). This article explains the methods and design principles of the
package, giving several worked examples of its use. [Note: A version of this vignette is
published as Jackson (2016) in Journal of Statistical Software. All content there is in-
cluded here. There have been no substantial changes in the survival modelling parts since
then. Version 2.0 of 
exsurv added new features for multi-state modelling, and since that
version, multi-state modelling with 
exsurv has been described in a separate vignette.]
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1. Motivation and design

The Cox model for survival data is ubiquitous in medical research, since the effects of predic-
tors can be estimated without needing to supply a baseline survival distribution that might
be inaccurate. However, fully-parametric models have many advantages, and even the origi-
nator of the Cox model has expressed a preference for parametric modelling (see Reid 1994).
Fully-specified models can be more convenient for representing complex data structures and
processes (Aalen et al. 2008), e.g. hazards that vary predictably, interval censoring, frailties,
multiple responses, datasets or time scales, and can help with out-of-sample prediction. For
example, the mean survival E(T ) =

∫∞
0 S(t)dt, used in health economic evaluations (Latimer

2013), needs the survivor function S(t) to be fully-specified for all times t, and parametric
models that combine data from multiple time periods can facilitate this (Benaglia et al. 2014).

flexsurv for R (R Core Team 2014) allows parametric distributions of arbitrary complexity to
be fitted to survival data, gaining the convenience of parametric modelling, while avoiding
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the risk of model misspecification. Built-in choices include spline-based models with any
number of knots (Royston and Parmar 2002) and 3–4 parameter generalized gamma and F
distribution families. Any user-defined model may be employed by supplying at minimum an
R function to compute the probability density or hazard, and ideally also its cumulative form.
Any parameters may be modelled in terms of covariates, and any function of the parameters
may be printed or plotted in model summaries.

flexsurv is intended as a general platform for survival modelling in R. The survreg function in
the R package survival (Therneau 2014) only supports two-parameter (location/scale) distri-
butions, though users can supply their own distributions if they can be parameterised in this
form. Some other contributed R packages can fit survival models, e.g., eha (Broström 2014)
and VGAM (Yee and Wild 1996), though these are either limited to specific distribution fam-
ilies, or not specifically designed for survival analysis. Others, e.g. ActuDistns (Nadarajah
and Bakar 2013), contain only the definitions of distribution functions. flexsurv enables such
functions to be used in survival models.

It is similar in spirit to the Stata packages stpm2 (Lambert and Royston 2009) for spline-based
survival modelling, and stgenreg (Crowther and Lambert 2013) for fitting survival models with
user-defined hazard functions using numerical integration. Though in flexsurv, slow numerical
integration can be avoided if the analytic cumulative distribution or hazard can be supplied,
and optimisation can also be speeded by supplying analytic derivatives. flexsurv also has
features for multi-state modelling and interval censoring, and general output reporting. It
employs functional programming to work with user-defined or existing R functions.

§2 explains the general model that flexsurv is based on. §3 gives examples of its use for
fitting built-in survival distributions with a fixed number of parameters, and §4 explains how
users can define new distributions. §5 concentrates on classes of models where the number
of parameters can be chosen arbitrarily, such as splines. §6 mentions the use of flexsurv for
fitting and predicting from fully-parametric multi-state models, which is described more fully
in a separate vignette. Finally §7 suggests some potential future extensions.

2. General parametric survival model

The general model that flexsurv fits has probability density for death at time t:

f(t|µ(z), α(z)), t ≥ 0 (1)

The cumulative distribution function F (t), survivor function S(t) = 1 − F (t), cumulative
hazard H(t) = − log S(t) and hazard h(t) = f(t)/S(t) are also defined (suppressing the
conditioning for clarity). µ = α0 is the parameter of primary interest, which usually governs
the mean or location of the distribution. Other parameters α = (α1, . . . , αR) are called
“ancillary” and determine the shape, variance or higher moments.

Covariates All parameters may depend on a vector of covariates z through link-transformed
linear models g0(µ(z)) = γ0 + β⊤

0 z and gr(αr(z)) = γr + β⊤
r z. g() will typically be log() if the

parameter is defined to be positive, or the identity function if the parameter is unrestricted.

Suppose that the location parameter, but not the ancillary parameters, depends on covariates.
If the hazard function factorises as h(t|α, µ(z)) = µ(z)h0(t|α), then this is a proportional
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