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Aug.R.s.surv.estimate Calculates the augmented estimator of the proportion of treatment
effect explained by the surrogate marker information measured at a
specified time and primary outcome information up to that specified
time

Description

This function calculates the augmented version of the proportion of treatment effect on the pri-
mary outcome explained by the surrogate marker information measured at ¢y and primary outcome
information up to to. Variance estimates and 95 % confidence intervals for the augmented esti-
mates are provided automatically; three versions of the confidence interval are provided: a normal
approximation based interval, a quantile based interval and Fieller’s confidence interval, all using
perturbation-resampling. The user can also request an estimate of the incremental value of surrogate
marker information.

Usage

Aug.R.s.surv.estimate(xone, xzero, deltaone, deltazero, sone, szero, t,
weight.perturb = NULL, landmark, extrapolate = FALSE, transform = FALSE,
basis.delta.one, basis.delta.zero, basis.delta.s.one = NULL,
basis.delta.s.zero = NULL, incremental.value = FALSE, approx = T)

Arguments

xone numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

Xzero numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

deltaone numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

deltazero numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

sone numeric vector; surrogate marker measurement at ¢, for treated observations,
assumed to be continuous. If X7; < ?g, then the surrogate marker measurement
should be NA.

szero numeric vector; surrogate marker measurement at ¢ty for control observations,
assumed to be continuous. If X;; < ¢, then the surrogate marker measurement
should be NA.

t the time of interest.
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weight.perturb weights used for perturbation resampling.

landmark the landmark time £, or time of surrogate marker measurement.
extrapolate TRUE or FALSE; indicates whether the user wants to use extrapolation.
transform TRUE or FALSE; indicates whether the user wants to use a transformation for

the surrogate marker.

basis.delta.one
either a vector of length n; or a matrix with n; rows; this is the basis transfor-
mation used for augmentation of A(t) for treated observations only, all values
must be numeric

basis.delta.zero
either a vector of length ng or a matrix with ng rows; this is the basis transfor-
mation used for augmentation of A(t) for control observations only, all values
must be numeric

basis.delta.s.one
either a vector of length n; or a matrix with n; rows; this is the basis trans-
formation used for augmentation of As(t, to) for treated observations only, all
values must be numeric; default is to assume this is the same as basis.delta.one
i.e. that the same basis transformation is used for both quantities

basis.delta.s.zero
either a vector of length ng or a matrix with ng rows; this is the basis trans-
formation used for augmentation of Ag(t, to) for control observations only, all
values must be numeric; default is to assume this is the same as basis.delta.zero
i.e. that the same basis transformation is used for both quantities

incremental.value
TRUE or FALSE; indicates whether the user would like to see the incremental
value of the surrogate marker information, default is FALSE.

approx TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.

Details

Please see R.s.surv.estimate documention for details about the estimates before augmentation is
performed. Recent work has shown that augmentation can lead to improvements in efficiency by
taking advantage of the association between baseline information, denoted here as Z, and the pri-
mary outcome. This function calculates the augmented estimates of the quantities of interest. For
example, the augmented version of A(t) is defined as:

ni no

ADAYT = A@t) +{ni Y W(Zu) = ngt D h(Zoi)}
=1 =1

where Z;,i = 1,2,--- ,n4 are i.i.d. random vectors of baseline covariates from treatment group g
and h(-) is a basis transformation given a priori. Due to treatment randomization, {ny ' Y"1, h(Z1;)—

ng 't 32" h(Zpi)} converges to zero in probability as the sample size goes to infinity and thus the
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augmented estimator converges to the same limit as the original counterparts. The quantity vy is

selected such that the variance of A

(t)AUC is minimized. That is, v = (Z12)(Z22) " where

E1a = cov{A(t),n; "> h(Zu) = ng " Y h(Z0i)},
=1 =1

ni no
a2 = var{n;' Z h(Zyi) —ng! Z h(Zoi)}
i=1 i=1

and thus we can obtain A(t)AUG by replacing v with a consistent estimator, 4 obtained using

perturbation-resampling. A similar approach is used to obtain As(t)

AUG and thus construct

 Ag(t, o)AV

Rttt =1- S0

Value
A list is returned:
aug.delta the estimate, A (¢)AVC.
aug.delta.s the estimate, Ag(t, tg)AVC,
aug.R.s the estimate, R (¢, to)AVC.
aug.delta.var the variance estimate of A(¢)AUG,
aug.delta.s.var
the variance estimate of Ag(t,)AV¢.

aug.R.s.var the variance estimate of Rg (t,to)

AUG

conf.int.normal.aug.delta

conf.

conf.

conf.

conf.

conf.

conf.

int.

int.

int.

int.

int.

int.

a vector of size 2; the 95% confidence interval for A(¢)4UC based on a normal
approximation.

quantile.aug.delta
a vector of size 2; the 95% confidence interval for A(t)4VC based on sample
quantiles of the perturbed values.

normal.aug.delta.s

a vector of size 2; the 95% confidence interval for Ag(t, t0)AUC based on a
normal approximation.

quantile.aug.delta.s

a vector of size 2; the 95% confidence interval for Ag(t, t9)AVU€ based on sam-
ple quantiles of the perturbed values.

normal.R.s
a vector of size 2; the 95% confidence interval for Rg (t,t0)AV% based on a
normal approximation.

quantile.aug.R.s
a vector of size 2; the 95% confidence interval for Rg (t,t0)AU¢ based on sam-
ple quantiles of the perturbed values..

fieller.aug.R.s
a vector of size 2; the 95% confidence interval for Rg (t,0)AV¢ based on
Fieller’s approach.
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Note
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.delta.t the estimate, Az (¢, t9)AV % if incremental.vaue = TRUE.
.R.t the estimate, Ry (¢, t0)AUC; if incremental.vaue = TRUE.

incremental.value
the estimate, IV s(t, o)AV if incremental.vaue = TRUE.
.delta.t.var
the variance estimate of A (t,t0)AU %, if incremental.vaue = TRUE.
R.t.var the variance estimate of f{T(t7 to)AU%; if incremental.vaue = TRUE.
incremental.value.var
the variance estimate of [ Vs(t, tO)AUG; if incremental.vaue = TRUE.

conf.int.normal.delta.t
a vector of size 2; the 95% confidence interval for Ar(t,t)AU% based on a
normal approximation; if incremental.vaue = TRUE.
conf.int.quantile.delta.t
a vector of size 2; the 95% confidence interval for A (¢, t5)4Y based on sam-
ple quantiles of the perturbed values; if incremental.vaue = TRUE.
conf.int.normal.R.t
a vector of size 2; the 95% confidence interval for Ry (t,t0)*V¢ based on a
normal approximation; if incremental.vaue = TRUE.
conf.int.quantile.R.t
a vector of size 2; the 95% confidence interval for Ry (t, )Y based on sam-
ple quantiles of the perturbed values; if incremental.vaue = TRUE.
conf.int.fieller.R.t
a vector of size 2; the 95% confidence interval for Rp(t,t0)4YC based on
Fieller’s approach, described above; if incremental.vaue = TRUE.
conf.int.normal.iv
a vector of size 2; the 95% confidence interval for IV g(t, )V based on a
normal approximation; if incremental.vaue = TRUE.
conf.int.quantile.iv
a vector of size 2; the 95% confidence interval for [ Vs(t,tO)AUG based on
sample quantiles of the perturbed values; if incremental.vaue = TRUE.

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better. If the observed support of the surrogate marker for
the control group is outside the observed support of the surrogate marker for the treatment group,
the user will receive the following message: "Warning: observed supports do not appear equal, may
need to consider a transformation or extrapolation".

Author(s)

Layla Parast
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Examples

#computationally intensive

#Aug.R.s.surv.estimate(xone = d_example_surv$x1, xzero = d_example_surv$xo,
#deltaone = d_example_surv$deltal, deltazero = d_example_surv$delta®,

#sone = d_example_surv$sl, szero = d_example_surv$s@, t=3, landmark = 1,
#basis.delta.one = d_example_surv$zl , basis.delta.zero = d_example_surv$z0)

delta.estimate Calculates treatment effect

Description

This function calculates the treatment effect estimate, the difference in the average outcome in
the treatment group minus the control group. This function is intended to be used for a fully
observed continuous outcome. The user can also request a variance estimate, estimated using
perturbating-resampling, and a 95% confidence interval. If a confidence interval is requested two
versions are provided: a normal approximation based interval and a quantile based interval, both
use perturbation-resampling.

Usage

delta.estimate(yone,yzero, var = FALSE, conf.int = FALSE, weight = NULL,
weight.perturb = NULL)

Arguments
yone numeric vector; primary outcome for treated observations.
yzero numeric vector; primary outcome for control observations.
var TRUE or FALSE; indicates whether a variance estimate for delta is requested,
default is FALSE.
conf.int TRUE or FALSE; indicates whether a 95% confidence interval for delta is re-

quested, default is FALSE.
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weight a n1+n0 by x matrix of weights where nl = length of yone and n0O = length
of yzero, default is null; generally not supplied by use but only used by other
functions.

weight.perturb anl+n0 by x matrix of weights where nl = length of yone and n0O = length of
yzero, default is null; generally used for confidence interval construction and
may be supplied by user.

Details

Let YY) and Y9 denote the primary outcome under the treatment and primary outcome under the
control,respectively. The treatment effect, A, is the expected difference in Y1) compared to Y (0,
A =EY®W - Y©) We estimate A as

A *nllzylz*nolzym

where Y7; is the observed primary outcome for person ¢ in the treated group, Yy, is the observed
primary outcome for person : in the control group, and n; and ng are the number of individuals
in the treatment and control group, respectively. Randomized treatment assignment is assumed
throughout this package.

Variance estimation and confidence interval construction are performed using perturbation-resampling.
Specifically, let {V(b) = (. v, ...VO(R)T, b=1,...., D} be nx D independent copies
of a positive random variables V' from a known distribution with unit mean and unit variance. Let

DA TR D A
Zi:l Vl(ib) Z ‘/Ozb)

The variance of A is obtained as the empirical variance of {A®) b = 1,..., D}. In this package,
we use weights generated from an Exponential(1) distribution and use D = 500. We construct two
versions of the 95% confidence interval for A: one based on a normal approximation confidence
interval using the estimated variance and another taking the 2.5th and 97.5th empirical percentiles
of A,

Ab) —

Value
A list is returned:

delta the estimate, A, described above.
var the variance estimate of A; if var = TRUE or conf.int = TRUE.
conf.int.normal
a vector of size 2; the 95% confidence interval for A based on a normal approx-
imation; if conf.int = TRUE.
conf.int.quantile
a vector of size 2; the 95% confidence interval for A based on sample quantiles
of the perturbed values, described above; if conf.int = TRUE.

Author(s)

Layla Parast



Examples

data(d_example)
names (d_example)

delta.multiple.surv

delta.estimate(yone=d_example$yl, yzero=d_example$y@)

delta.multiple.surv Calculates robust residual treatment effect accounting for multiple

surrogate markers at a specified time and primary outcome informa-
tion up to that specified time

Description

This function calculates the robust estimate of the residual treatment effect accounting for multiple
surrogate markers measured at ¢y and primary outcome information up to ¢y i.e. the hypothetical
treatment effect if both the surrogate marker distributions at ¢y and survival up to ¢y in the treatment
group look like the surrogate marker distributions and survival up to ¢ in the control group. Ideally
this function is only used as a helper function and is not directly called.

Usage

delta.multiple.

weight.perturb
approx = T)

Arguments

xone

Xzero

deltaone

deltazero

sone

szero

type

surv(xone, xzero, deltaone, deltazero, sone, szero, type =1, t,
= NULL, landmark, extrapolate = FALSE, transform = FALSE,

numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

matrix of numeric values; surrogate marker measurements at ¢ for treated ob-
servations. If X3; < tg, then the surrogate marker measurements should be
NA.

matrix of numeric values; surrogate marker measurements at ¢y for control ob-
servations. If Xy; < tg, then the surrogate marker measurements should be
NA.

type of estimate; options are 1 = two-stage robust estimator, 2 = weighted two-
stage robust estimator, 3 = double-robust estimator, 4 = two-stage model-based
estimator, 5 = weighted estimator, 6 = double-robust model-bsed estimator; de-
fault is 1.

the time of interest.
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weight.perturb weights used for perturbation resampling.

landmark the landmark time ¢ or time of surrogate marker measurement.
extrapolate TRUE or FALSE; indicates whether the user wants to use extrapolation.
transform TRUE or FALSE; indicates whether the user wants to use a transformation for

the surrogate marker psuedo-score.

approx TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.

Details

Details are included in the documentation for R.multiple.surv.

Value

As(t, to), the residual treatment effect estimate accounting for multiple surrogarte markers mea-
sured at ¢y and primary outcome information up to .

Note

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better.

Author(s)

Layla Parast

References

Details can be found in Parast, L., Cai, T., Tian, L. (2020+). Evaluating Multiple Surrogate Markers
with Censored Data. Under Review.

Examples

data(d_example_multiple)

names (d_example_multiple)

## Not run:

delta.multiple.surv(xone = d_example_multiple$x1, xzero = d_example_multiple$x@, deltaone =
d_example_multiple$deltal, deltazero = d_example_multiple$delta@, sone =
as.matrix(d_example_multiple$s1), szero = as.matrix(d_example_multiple$s0),

type =1, t = 1, landmark=0.5)

## End(Not run)
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delta.s.estimate Calculates model-based or robust residual treatment effect

Description

This function calculates the model-based or robust estimate of the residual treatment effect i.e. the
hypothetical treatment effect if the distribution of the surrogate in the treatment group looks like
the distribution of the surrogate in the control group. Ideally, this function is only used as a helper
function and is not directly called.

Usage

delta.s.estimate(sone, szero, yone, yzero, weight.perturb = NULL, number="single",
type="robust”, warn.te = FALSE, warn.support = FALSE, extrapolate = FALSE,
transform = FALSE)

Arguments

sone numeric vector or matrix; surrogate marker for treated observations, assumed to
be continuous. If there are multiple surrogates then this should be a matrix with
n1 (number of treated observations) rows and n.s (number of surrogate markers)
columns.

szero numeric vector or matrix; surrogate marker for control observations, assumed to
be continuous. If there are multiple surrogates then this should be a matrix with
no (number of control observations) rows and n.s (number of surrogate markers)
columns.

yone numeric vector; primary outcome for treated observations.

yzero numeric vector; primary outcome for control observations.

weight.perturb amnj -+ mng by x matrix of weights where n; = length of yone and ny = length of
yzero; generally used for variance estimation and confidence interval construc-
tion, default is null.

number specifies the number of surrogate markers; choices are "multiple" or "single",
default is "single".

type specifies the type of estimation; choices are "robust" or "model", default is "ro-
bust".

warn.te value passed from R.s.estimate function to control warnings; user does not need
to specify.

warn. support value passed from R.s.estimate function to control warnings; user does not need
to specify.

extrapolate TRUE or FALSE; indicates whether the user wants to use extrapolation.

transform TRUE or FALSE; indicates whether the user wants to use a transformation for

the surrogate marker.
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Details

Details are included in the documentation for R.s.estimate.

Value

A s, the model-based or robust residual treatment effect estimate.

Note

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that higher values are better. In the single marker case with the robust estimation approach, if the
observed support of the surrogate marker for the control group is outside the observed support of the
surrogate marker for the treatment group, the user will receive the following message: "Warning:
observed supports do not appear equal, may need to consider a transformation or extrapolation".

Author(s)

Layla Parast

References

Parast, L., McDermott, M., Tian, L. (2015). Robust estimation of the proportion of treatment effect
explained by surrogate marker information. Statistics in Medicine, 35(10):1637-1653.

Wang, Y., & Taylor, J. M. (2002). A measure of the proportion of treatment effect explained by a
surrogate marker. Biometrics, 58(4), 803-812.

Examples

data(d_example)
names (d_example)
delta.s.estimate(yone=d_example$yl, yzero=d_example$y@, sone=d_example$sl.a, szero=

d_example$s@.a, number = "single", type = "robust")
delta.s.estimate(yone=d_example$yl, yzero=d_example$y@, sone=d_example$sl.a, szero=
d_example$s@.a, number = "single”, type = "model")

delta.s.estimate(yone=d_example$yl, yzero=d_example$y@, sone=cbind(d_example$si.a,
d_example$s1.b, d_example$sl.c), szero=cbind(d_example$s@.a, d_example$s0.b, d_example$so.c),
number = "multiple”, type = "robust")

delta.s.estimate(yone=d_example$yl, yzero=d_example$y@, sone=cbind(d_example$si.a,
d_example$s1.b, d_example$sl.c), szero=cbind(d_example$s@.a, d_example$s0.b, d_example$so.c),
number = "multiple”, type = "model")
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delta.s.surv.estimate Calculates robust residual treatment effect accounting for surrogate

marker information measured at a specified time and primary outcome
information up to that specified time

Description

This function calculates the robust estimate of the residual treatment effect accounting for surrogate
marker information measured at ¢ty and primary outcome information up to ¢, i.e. the hypothetical
treatment effect if both the surrogate marker distribution at ¢ and survival up to £, in the treatment
group look like the surrogate marker distribution and survival up to £y in the control group. Ideally
this function is only used as a helper function and is not directly called.

Usage

delta.s.surv.estimate(xone, xzero, deltaone, deltazero, sone, szero, t,

weight.perturb
approx = T)

Arguments

xone
Xzero
deltaone
deltazero

sone

szero

t
weight.perturb
landmark
extrapolate

transform

approx

= NULL, landmark, extrapolate = FALSE, transform = FALSE,

numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.
numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

numeric vector; surrogate marker measurement at ¢y for treated observations,
assumed to be continuous. If X;; < ?g, then the surrogate marker measurement
should be NA.

numeric vector; surrogate marker measurement at ¢ty for control observations,
assumed to be continuous. If X7; < ?g, then the surrogate marker measurement
should be NA.

the time of interest.

weights used for perturbation resampling.

the landmark time £, or time of surrogate marker measurement.

TRUE or FALSE; indicates whether the user wants to use extrapolation.

TRUE or FALSE; indicates whether the user wants to use a transformation for
the surrogate marker.

TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.
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Details

Details are included in the documentation for R.s.surv.estimate.

Value

Ag (t,t0), the robust residual treatment effect estimate accounting for surrogate marker information
measured at ¢y and primary outcome information up to #g.

Note

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better. If the observed support of the surrogate marker for
the control group is outside the observed support of the surrogate marker for the treatment group,
the user will receive the following message: "Warning: observed supports do not appear equal, may
need to consider a transformation or extrapolation".

Author(s)

Layla Parast

References
Parast, L., Cai, T., & Tian, L. (2017). Evaluating surrogate marker information using censored data.
Statistics in Medicine, 36(11), 1767-1782.

Examples

data(d_example_surv)
names (d_example_surv)

delta.surv.estimate Calculates treatment effect in a survival setting

Description

This function calculates the treatment effect in the survival setting i.e. the difference in survival
at time t between the treatment group and the control group. The user can also request a variance
estimate, estimated using perturbating-resampling, and a 95% confidence interval. If a confidence
interval is requested two versions are provided: a normal approximation based interval and a quan-
tile based interval, both use perturbation-resampling.

Usage

delta.surv.estimate(xone, xzero, deltaone, deltazero, t, var = FALSE, conf.int
= FALSE, weight = NULL, weight.perturb = NULL, approx = T)
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Arguments

xone numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

XZero numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

deltaone numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

deltazero numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

t the time of interest.

var TRUE or FALSE; indicates whether a variance estimate for delta is requested,
default is FALSE.

conf.int TRUE or FALSE; indicates whether a 95% confidence interval for delta is re-
quested, default is FALSE.

weight a ny + ng by x matrix of weights where n; = sample size in treatment group

and ny = sample size in the control group, default is null; generally not supplied
by use but only used by other functions.

weight.perturb an; + ng by x matrix of weights where n; =sample size in treatment group
and ny = sample size in the control group, default is null; generally used for
confidence interval construction and may be supplied by user.

approx TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.

Details

Let G be the binary treatment indicator with G = 1 for treatment and G = 0 for control and we
assume throughout that subjects are randomly assigned to a treatment group at baseline. Let T'
denote the time of the primary outcome of interest, death for example. We use potential outcomes
notation such that 7(9) denotes the time of the primary outcome under treatment G = g. We
define the treatment effect, A(t), as the difference in survival rates by time ¢ under treatment versus
control,

At) = E{I(T(l) >t} — E{](T(O) >t)} = p(T(l) >t) — P(T(O) > 1)

where t > tg

Due to censoring, our data consist of ny observations {(X1;,01;),7 = 1, ...,n1 } from the treatment
group G = 1 and ng observations {(Xy;, do;), ¢ = 1, ...,no} from the control group G = 0 where
Xgi = min(Ty;, Cgi), 0gi = 1(Ty; < Cy;), and Cy; denotes the censoring time for g = 1,0, for
individual 7. Throughout, we estimate the treatment effect A(t) as

no

A ,121 X11>t 121 X02>t)

where Wgc (+) is the Kaplan-Meier estimator of survival for censoring for g = 1, 0.
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Variance estimation and confidence interval construction are performed using perturbation-resampling.
Specifically, let {V(b) =W, v y® ...VO(R)T, b=1,..., D} be nx D independent copies

1nq?

of a positive random variables V' from a known distribution with unit mean and unit variance. Let

S VIPI(X > 1) X VP T(Xos > 1)
S WO s vy )

1=

A® () =

In this package, we use weights generated from an Exponential(1) distribution and use D = 500.
The variance of A(t) is obtained as the empirical variance of {A ()b = 1,..., D}. We con-
struct two versions of the 95%confidence interval for A(t): one based on a normal approximation
confidence interval using the estimated variance and another taking the 2.5th and 97.5th empirical
percentiles of A(t)(®),

Value
A list is returned:

delta the estimate, A(t), described above.

var the variance estimate of A(t); if var = TRUE or conf.int = TRUE.
conf.int.normal
a vector of size 2; the 95% confidence interval for A(t) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile
a vector of size 2; the 95% confidence interval for A(t) based on sample quan-
tiles of the perturbed values, described above; if conf.int = TRUE.

Author(s)

Layla Parast

Examples

data(d_example_surv)

names (d_example_surv)

delta.surv.estimate(xone = d_example_surv$x1, xzero = d_example_surv$xe,
deltaone = d_example_surv$deltal, deltazero = d_example_surv$delta@, t = 3)

delta.t.surv.estimate Calculates robust residual treatment effect accounting only for pri-
mary outcome information up to a specified time

Description

This function calculates the robust estimate of the residual treatment effect accounting only for
primary outcome information up to ¢y i.e. the hypothetical treatment effect if survival up to ¢y in
the treatment group looks like survival up to t; in the control group. Ideally this function is only
used as a helper function and is not directly called.
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Usage

delta.t.surv.estimate(xone, xzero, deltaone, deltazero, t, weight.perturb = NULL,
landmark, approx = T)

Arguments

xone numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

Xzero numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

deltaone numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

deltazero numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

t the time of interest.

weight.perturb weights used for perturbation resampling.
landmark the landmark time £, or time of surrogate marker measurement.

approx TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.

Details

Details are included in the documentation for R.t.surv.estimate.

Value

Ar(t, tg), the robust residual treatment effect estimate accounting only for survival up to ¢g.

Note

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better.

Author(s)

Layla Parast

References

Parast, L., Cai, T., & Tian, L. (2017). Evaluating surrogate marker information using censored data.
Statistics in Medicine, 36(11), 1767-1782.
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Examples

data(d_example_surv)
names(d_example_surv)

d_example Hypothetical data

Description

Hypothetical data to be used in examples.

Usage

data(d_example)

Format

A list with 8 elements representing 500 observations from a control group and 500 observations
from a treatment group:

s1.a First surrogate marker measurement for treated observations.

s1.b Second surrogate marker measurement for treated observations.

s1.c Third surrogate marker measurement for treated observations.

y1 Primary outcome for treated observations.

s0.a First surrogate marker measurement for control observations.

s@.b Second surrogate marker measurement for control observations.

s@.c Third surrogate marker measurement for control observations.

y@ Primary outcome for control observations.

Examples

data(d_example)
names (d_example)
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d_example_multiple Hypothetical survival data with multiple surrogate markers

Description

Hypothetical survival data with multiple surrogate markers to be used in examples.

Usage

data(d_example_multiple)

Format

A list with 6 elements representing 1000 observations from a control group and 1000 observations
from a treatment group:

s1 Surrogate marker measurements for treated observations; these markers are measured at time
= 0.5. For observations that experience the primary outcome or are censored before 0.5, the
surrogate values are NA.

x1 The observed event or censoring time for treated observations; X = min(T, C) where T is the
time of the primary outcome and C is the censoring time.

deltal The indicator identifying whether the treated observation was observed to have the event or
was censored; D =1#*(T<C) where T is the time of the primary outcome and C is the censoring
time.

s@ Surrogate marker measurements for control observations; these markers are measured at time
= 0.5. For observations that experience the primary outcome or are censored before 0.5, the
surrogate values are NA.

x@ The observed event or censoring time for control observations; X = min(T, C) where T is the
time of the primary outcome and C is the censoring time.

delta@ The indicator identifying whether the control observation was observed to have the event or
was censored; D =1#(T<C) where T is the time of the primary outcome and C is the censoring
time.

Examples

data(d_example_multiple)
names (d_example_multiple)
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d_example_surv Hypothetical survival data

Description

Hypothetical survival data to be used in examples.

Usage

data(d_example_surv)

Format

A list with 8 elements representing 500 observations from a control group and 500 observations
from a treatment group:

s1 Surrogate marker measurement for treated observations; this marker is measured at time = 0.5.
For observations that experience the primary outcome or are censored before 0.5, this value is
NA.

x1 The observed event or censoring time for treated observations; X = min(T, C) where T is the
time of the primary outcome and C is the censoring time.

deltal The indicator identifying whether the treated observation was observed to have the event or
was censored; D =1#(T<C) where T is the time of the primary outcome and C is the censoring
time.

s@ Surrogate marker measurement for control observations; this marker is measured at time = 0.5.
For observations that experience the primary outcome or are censored before 0.5, this value is
NA.

x@ The observed event or censoring time for control observations; X = min(T, C) where T is the
time of the primary outcome and C is the censoring time.

delta@ The indicator identifying whether the control observation was observed to have the event or
was censored; D =1#(T<C) where T is the time of the primary outcome and C is the censoring
time.

z1 A baseline covariate value for treated observations.

z0 A baseline covariate value for control observations.

Examples

data(d_example_surv)
names (d_example_surv)
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fieller.ci Constructs Fieller’s confidence interval.

Description

Constructs Fieller’s confidence interval.

Usage

fieller.ci(perturb.delta.s, perturb.delta, delta.s, delta)

Arguments

perturb.delta.s
numeric vector; the perturbed values for Ag, the residual treatment effect esti-
mate, used in variance estimation and confidence interval construction.

perturb.delta numeric vector; the perturbed values for A, the treatment effect estimate, used
in variance estimation and confidence interval construction.

delta.s the residual treatment effect, A g, estimate, A S-
delta the treatment effect, A, estimate, A.
Details

See documention for R.s.estimate for more detail.

Value

Returns a vector of length 2, lower bound of the 95% confidence interval and upper bound of the
95% confidence interval.

Author(s)

Layla Parast

References

Fieller, Edgar C. (1954). Some problems in interval estimation. Journal of the Royal Statistical
Society. Series B (Methodological), 175-185.

Fieller, E. C. (1940). The biological standardization of insulin. Supplement to the Journal of the
Royal Statistical Society, 1-64.

Parast, L., McDermott, M., Tian, L. (2016). Robust estimation of the proportion of treatment effect
explained by surrogate marker information. Statistics in Medicine, 35(10):1637-1653.
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me.variance.estimate Estimates measurement error variance given replicate data.

Description

Estimates measurement error variance given replicate data using a simple components of variance
analysis.

Usage

me.variance.estimate(replicates)

Arguments
replicates matrix of data where each row indicates a subject and each column is a replicated
measurement; columns can have NAs when subjects have different numbers of
measurements.
Details

Estimates measurement error variance given replicate data using a simple components of variance
analysis.

Value

estimate of measurement error variance

Author(s)

Layla Parast

References

Carroll, R. J., Ruppert, D., Crainiceanu, C. M., and Stefanski, L. A. (2006). Measurement error in
nonlinear models: a modern perspective. Chapman and Hall/CRC.

Parast, L., Garcia, TP, Prentice, RL, Carroll, RJ (2019+). Robust Methods to Correct for Measure-
ment Error when Evaluating a Surrogate Marker. Under Review.
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R.multiple.surv

Calculates the proportion of treatment effect explained by multiple sur-
rogate markers measured at a specified time and primary outcome in-
Sformation up to that specified time

Description

This function calculates the proportion of treatment effect on the primary outcome explained by
multiple surrogate markers measured at ¢y and primary outcome information up to ¢y. The user can
also request a variance estimate, estimated using perturbating-resampling, and a 95% confidence
interval. If a confidence interval is requested three versions are provided: a normal approximation
based interval, a quantile based interval and Fieller’s confidence interval, all using perturbation-
resampling. The user can also request an estimate of the incremental value of the surrogate marker

information.

Usage

R.multiple.surv(xone, xzero, deltaone, deltazero, sone, szero, type =1, t,

weight.perturb

= NULL, landmark, extrapolate = FALSE, transform = FALSE,

conf.int = FALSE, var = FALSE, incremental.value = FALSE, approx = T)

Arguments

Xxone

Xzero

deltaone

deltazero

sone

szero

type

t
weight.perturb

landmark

numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

matrix of numeric values; surrogate marker measurements at ¢ for treated ob-
servations. If Xy; < to, then the surrogate marker measurements should be
NA.

matrix of numeric values; surrogate marker measurements at ¢y for control ob-
servations. If Xo; < tg, then the surrogate marker measurements should be
NA.

type of estimate; options are 1 = two-stage robust estimator, 2 = weighted two-
stage robust estimator, 3 = double-robust estimator, 4 = two-stage model-based
estimator, 5 = weighted estimator, 6 = double-robust model-bsed estimator; de-
fault is 1.

the time of interest.
weights used for perturbation resampling.

the landmark time ¢ or time of surrogate marker measurement.
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extrapolate

transform

conf.int

var
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TRUE or FALSE; indicates whether the user wants to use extrapolation.

TRUE or FALSE; indicates whether the user wants to use a transformation for
the surrogate marker pseudo-score.

TRUE or FALSE; indicates whether a 95% confidence interval for delta is re-
quested, default is FALSE.

TRUE or FALSE; indicates whether a variance estimate is requested, default is
FALSE.

incremental.value

approx

Details

TRUE or FALSE; indicates whether the user would like to see the incremental
value of the surrogate marker information, default is FALSE.

TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.

Details can be found in Parast, L., Cai, T., Tian, L. (2020+). Evaluating Multiple Surrogate Markers
with Censored Data. Under Review.

Please email parast@rand.org if you would like a copy of this article.

Value

A list is returned:

delta
delta.s
R.s

delta.var
delta.s.var

R.s.var

the estimate, A(t), described in delta.estimate documentation.
the residual treatment effect estimate, Ag (¢, to).

the estimated proportion of treatment effect explained by the set of markers,
Rs(t,to).

the variance estimate of A(t); if var = TRUE or conf.int = TRUE.
the variance estimate of Ag(¢, to); if var = TRUE or conf.int = TRUE.
the variance estimate of ]%S(t, to); if var = TRUE or conf.int = TRUE.

conf.int.normal.delta

a vector of size 2; the 95% confidence interval for A(t) based on a normal
approximation; if conf.int = TRUE.

conf.int.quantile.delta

a vector of size 2; the 95% confidence interval for A(t) based on sample quan-
tiles of the perturbed values; if conf.int = TRUE.

conf.int.normal.delta.s

a vector of size 2; the 95% confidence interval for As(t, to) based on a normal
approximation; if conf.int = TRUE.

conf.int.quantile.delta.s

a vector of size 2; the 95% confidence interval for As(t, to) based on sample
quantiles of the perturbed values; if conf.int = TRUE.
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conf.int.normal.R.s
a vector of size 2; the 95% confidence interval for Rs(t, to) based on a normal
approximation; if conf.int = TRUE.

conf.int.quantile.R.s
a vector of size 2; the 95% confidence interval for Rg(t, to) based on sample
quantiles of the perturbed values; if conf.int = TRUE.

conf.int.fieller.R.s
a vector of size 2; the 95% confidence interval for Rs(t, to) based on Fieller’s
approach; if conf.int = TRUE.

delta.t the estimate, AT(t, to); if incremental.vaue = TRUE.

R.t the estimated proportion of treatment effect explained by survival only, Ry (t,t0);
if incremental.vaue = TRUE.

incremental.value
the estimate of the incremental value of the surrogate markers, I Vs(t, to); if
incremental.vaue = TRUE.

delta.t.var the variance estimate of AT(t, to); if var = TRUE or conf.int = TRUE and in-
cremental.vaue = TRUE.

R.t.var the variance estimate of Ry (t,to); if var = TRUE or conf.int = TRUE and incre-
mental.vaue = TRUE.
incremental.value.var
the variance estimate of IV g(t,ty); if var = TRUE or conf.int = TRUE and
incremental.vaue = TRUE.
conf.int.normal.delta.t
a vector of size 2; the 95% confidence interval for A (¢, to) based on a normal
approximation; if conf.int = TRUE and incremental.vaue = TRUE.
conf.int.quantile.delta.t
a vector of size 2; the 95% confidence interval for Ay (t,to) based on sample
quantiles of the perturbed values; if conf.int = TRUE and incremental.vaue =
TRUE.
conf.int.normal.R.t
a vector of size 2; the 95% confidence interval for Ry (t, o) based on a normal
approximation; if conf.int = TRUE and incremental.vaue = TRUE.
conf.int.quantile.R.t
a vector of size 2; the 95% confidence interval for RT(t, to) based on sample
quantiles of the perturbed values; if conf.int = TRUE and incremental.vaue =
TRUE.
conf.int.fieller.R.t
a vector of size 2; the 95% confidence interval for Ry (t,to) based on Fieller’s
approach; if conf.int = TRUE and incremental.vaue = TRUE.
conf.int.normal.iv
a vector of size 2; the 95% confidence interval for IV g (t,t0) based on a normal
approximation; if conf.int = TRUE and incremental.vaue = TRUE.
conf.int.quantile.iv
a vector of size 2; the 95% confidence interval for I AVS(t, to) based on sample
quantiles of the perturbed values; if conf.int = TRUE and incremental.vaue =
TRUE.
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Note

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better.

Author(s)

Layla Parast

References

Parast, L., Cai, T., & Tian, L. (2017). Evaluating surrogate marker information using censored data.
Statistics in Medicine, 36(11), 1767-1782.

Details can be found in Parast, L., Cai, T., Tian, L. (2020+). Evaluating Multiple Surrogate Markers
with Censored Data. Under Review.

Examples

data(d_example_multiple)

names (d_example_multiple)

## Not run:

R.multiple.surv(xone = d_example_multiple$x1, xzero = d_example_multiple$x@d, deltaone
d_example_multiple$deltal, deltazero = d_example_multiple$delta®, sone =
as.matrix(d_example_multiple$s1), szero = as.matrix(d_example_multiple$s@),

type =1, t = 1, landmark=0.5)

R.multiple.surv(xone = d_example_multiple$x1, xzero = d_example_multiple$x@, deltaone
d_example_multiple$deltal, deltazero = d_example_multiple$delta®, sone =
as.matrix(d_example_multiple$s1), szero = as.matrix(d_example_multiple$s0),

type =1, t = 1, landmark=0.5, conf.int = T)

R.multiple.surv(xone = d_example_multiple$x1, xzero = d_example_multiple$x@, deltaone =
d_example_multiple$deltal, deltazero = d_example_multiple$delta®, sone =
as.matrix(d_example_multiple$s1), szero = as.matrix(d_example_multiple$s0),

type =3, t = 1, landmark=0.5)

## End(Not run)

R.s.estimate Calculates the proportion of treatment effect explained

Description

This function calculates the proportion of treatment effect on the primary outcome explained by the
treatment effect on the surrogate marker(s). This function is intended to be used for a fully observed
continuous outcome. The user can also request a variance estimate and a 95% confidence interval,
both estimated using perturbating-resampling. If a confidence interval is requested three versions
are provided: a normal approximation based interval, a quantile based interval, and Fieller’s confi-
dence interval.
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Usage

R.s.estimate

R.s.estimate(sone, szero, yone, yzero, var = FALSE, conf.int = FALSE,

weight.perturb

= NULL, number = "single", type = "robust”,extrapolate = FALSE,

transform = FALSE)

Arguments

sone

szero

yone
yzero

var

conf.int
weight.perturb
number

type
extrapolate

transform

Details

numeric vector or matrix; surrogate marker for treated observations, assumed to
be continuous. If there are multiple surrogates then this should be a matrix with
n1 (number of treated observations) rows and n.s (number of surrogate markers)
columns.

numeric vector; surrogate marker for control observations, assumed to be con-
tinuous.If there are multiple surrogates then this should be a matrix with ng
(number of control observations) rows and n.s (number of surrogate markers)
columns.

numeric vector; primary outcome for treated observations, assumed to be con-
tinuous.

numeric vector; primary outcome for control observations, assumed to be con-
tinuous.

TRUE or FALSE; indicates whether a variance estimate is requested, default is
FALSE.

TRUE or FALSE; indicates whether a 95% confidence interval is requested,
default is FALSE

anj + ng by x matrix of weights where n; = length of yone and ny = length
of yzero; used for perturbation-resampling, default is null.

specifies the number of surrogate markers; choices are "multiple" or "single",
default is "single"

specifies the type of estimation; choices are "robust" or "model" or "freedman",
default is "robust"

TRUE or FALSE; indicates whether the user wants to use extrapolation.

TRUE or FALSE; indicates whether the user wants to use a transformation for
the surrogate marker.

Let YY) and Y(© denote the primary outcome under the treatment and primary outcome under
the control,respectively. Let S(V) and S(©) denote the surrogate marker under the treatment and the
surrogate marker under the control,respectively. The residual treatment effect is defined as

Ag = / E(Y WS = s)dFy(s) — / E(Y©50) = s)dFy(s),

where Ag(s) = B(YW|SW) = 5) — E(Y(©|S©®) = s) and Fy(-) is the marginal cumulative
distribution function of S°), the surrogate marker measure under the control. The proportion of
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treatment effect explained by the surrogate marker, which we denote by Rg, can be expressed using
a contrast between Ag and A:

Rs = {A—Ag}/A =1-Ag/A.

The definition and estimation of A is described in the delta.estimate documentation.

A flexible model-based approach to estimate Ag in the single marker setting is to specify:
E(SO)Y=0qy and E(SM)—E(S©) = qay,

E(Y©159) = o+ 5 and  E(YVISW) = (8 + B2) + (B + B5) S

It can be shown that when these models hold, Ag = 82 + 3. Thus, reasonable estimates for Ag
and Rg using this approach would be Ag = ﬂg + ﬁ;ao and Rg =1 — AS/A

For robust estimation of Ag in the single marker setting, we estimate y1(s) = E(Y(D|S() = )
nonparametrically using kernel smoothing:

o 2t K (S —s) Y
fls) = Yoty K (S1i — s)

where S, is the observed S for person ¢, Y7, is the observed Y™ for person i, K (-) is a smooth
symmetric density function with finite support, K (-) = K(-/h)/h and h is a specified bandwidth.
As in most nonparametric functional estimation procedures, the choice of the smoothing parameter
h is critical. To eliminate the impact of the bias of the conditional mean function on the resulting
estimator, we require the standard undersmoothing assumption of h = O(ny®) with § € (1/4,1/3).
To obtain an appropriate h we first use bw.nrd to obtain h,,;; and then we let h = hoptnl_c" with
co = 0.25. We then estimate Ag as

Z fa Sm — Yo

where Sy; is the observed S ©) for person ¢ and Yp; is the observed Y for person ¢. Lastly, we
estimate Rg as Rg = 1 — AS/A

This function also allows for estimation of Rg using Freedman’s approach. Let Y denote the
primary outcome, S denote the surrogate marker, and G denote the treatment group (0 for control,
1 for treatment). Freedman’s approach to calculating the proportion of treatment effect explained
by the surrogate marker is to fit the following two regression models:

E(Y|G)=v%+mI(G=1) and E(Y|G,S)="s+nsl(G=1)+ s

and estimating the proportion of treatment effect explained, denoted by Rg, as 1 — §15/%1.

This function also estimates Rg in a multiple marking setting. A flexible model-based approach
to estimate Ag in the multiple marker setting is to specify models for E(Y|G, S) and E(S;|G)
for each S; in S = {S1,...S,} (where p is the number of surrogate markers). Without loss of
generality, consider the case where there are three surrogate markers, S = {51, 52, S5} and one
specifies the following linear models:

E(Y©15O) = g5+ 515 + 825 + B35

E(YDISD) = (By+ Ba) + (B + B5)S1" + (B2 + Be) S5 + (Bs + Br) S5
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E(S\)=a;, j=1,2.3

It can be shown that when these models hold

Ag = B4+ Bso + Peaa + Bros.

Thus, reasonable estimates for Ag and Rg here would be easily obtained by replacing the unknown
regression coefficients in the models above by their consistent estimators.

For robust estimation of S A g in the multiple marker setting, we use a two-stage procedure combin-
ing the model-based approach and the nonparametric estimation procedure from the single marker
setting. Specifically, we use a working semiparametric model:

E(YM[SD = §) = 5y + 815" + 855" + 35"

and define Q(l [30 + [315(1) + ﬂQS(l) + 53;9(1) and Q(O ﬂo + BlS§O) + 32550) + BgSéO) to
reduce the dimension of S in the first stage and in the second stage, we apply the robust approach
used in the single marker setting to estimate its surrogacy.

To use Freedman’s approach in the presence of multiple markers, the markers are simply additively
entered into the second regression model.

Variance estimation and confidence interval construction are performed using perturbation-resampling.
Specifically, let {V(b) = (V( ) Vl(n) Vo(lb), ...VO(:Z)T, b=1,..., D} be nx D independent copies

of a positive random variables V' from a known distribution with unit mean and unit variance. Let

A® _ i ViV 3 Ve Yor
Z Vlzb) Z ‘/E)Zb)
The variance of A is obtained as the empirical variance of {A ®) b =1, ..., D}. In this package, we
use weights generated from an Exponential(1) distribution and use D = 500. Variance estimates
for A s and RS are calculated similarly. We construct two versions of the 95% confidence interval
for each estimate: one based on a normal approximation confidence interval using the estimated

variance and another taking the 2.5th and 97.5th empirical percentile of the perturbed quantities. In
addition, we use Fieller’s method to obtain a third confidence interval for Rg as

Ag —rA)?
l—r:A(SAr)ASCa’
011 — 2r612 + T2O'22

where 32 = (64;)1<i j<2 and ¢, is the (1 — a)th percentile of

AG) _ 1 _ P YABN2
. {As A(lA Rs)A }: —b=1,---,C
611 —2(1 — Rg)612 + (1 — Rg)?622

where o = 0.05.

Note that if the observed supports for S are not the same, then ji;(s) for Sp; = s outside the
support of S7; may return NA (depending on the bandwidth). If extrapolation = TRUE, then the
fi1(s) values for these surrogate values are set to the closest non-NA value. If transform = TRUE,
then Sy; and Sy, are transformed such that the new transformed values, Si7 and S{; are defined as:
St = F([Sgi—pl/o) for g = 0,1 where F(-) is the cumulative distribution function for a standard
normal random variable, and i and o are the sample mean and standard deviation, respectively, of

(S14, S0i) ™.
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Value

A list is returned:

R.s the estimate, Rs, described above.

R.s.var the variance estimate of ]:25; if var = TRUE or conf.int = TRUE.
conf.int.normal.R.s
a vector of size 2; the 95% confidence interval for Rg based on a normal ap-
proximation; if conf.int = TRUE.
conf.int.quantile.R.s
a vector of size 2; the 95% confidence interval for Rg based on sample quantiles
of the perturbed values, described above; if conf.int = TRUE.
conf.int.fieller.R.s

a vector of size 2; the 95% confidence interval for RS based on Fieller’s ap-
proach, described above; if conf.int = TRUE.

For all options other then "freedman", the following are also returned:

delta the estimate, A, described in delta.estimate documentation.
delta.s the estimate, AS, described above.
delta.var the variance estimate of A; if var = TRUE or conf.int = TRUE.

delta.s.var the variance estimate of AS; if var = TRUE or conf.int = TRUE.
conf.int.normal.delta

a vector of size 2; the 95% confidence interval for A based on a normal approx-
imation; if conf.int = TRUE.

conf.int.quantile.delta

a vector of size 2; the 95% confidence interval for A based on sample quantiles
of the perturbed values, described above; if conf.int = TRUE.

conf.int.normal.delta.s
a vector of size 2; the 95% confidence interval for Ag based on a normal ap-
proximation; if conf.int = TRUE.

conf.int.quantile.delta.s
a vector of size 2; the 95% confidence interval for A g based on sample quantiles
of the perturbed values, described above; if conf.int = TRUE.

Note

If the treatment effect is not significant, the user will receive the following message: "Warning:
it looks like the treatment effect is not significant; may be difficult to interpret the proportion of
treatment effect explained in this setting". If the treatment effect is negative, the user will receive
the following message: "Warning: it looks like you need to switch the treatment groups" as this
package assumes throughout that higher values are better. In the single marker case with the robust
estimation approach, if the observed support of the surrogate marker for the control group is outside
the observed support of the surrogate marker for the treatment group, the user will receive the
following message: "Warning: observed supports do not appear equal, may need to consider a
transformation or extrapolation”
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Examples

data(d_example)

names (d_example)

R.s.estimate(yone=d_example$y1, yzero=d_example$yd, sone=d_example$si.a, szero=d_example$s0.a,
number = "single", type = "robust")

R.s.estimate(yone=d_example$yl, yzero=d_example$y@d, sone=cbind(d_example$si.a,d_example$si.b,
d_example$sl.c), szero=cbind(d_example$s@.a, d_example$sd.b, d_example$s@.c),

number = "multiple”, type = "model”)

R.s.estimate.me Calculates the proportion of treatment effect explained correcting for
measurement error in the surrogate marker

Description

This function calculates the proportion of treatment effect on the primary outcome explained by the
treatment effect on a surrogate marker, correcting for measurement error in the surrogate marker.
This function is intended to be used for a fully observed continuous outcome. The user must specify
what type of estimation they would like (parametric or nonparametric estimation of the proportion
explained, denoted by R) and what estimator they would like (see below for details).

Usage

nan

R.s.estimate.me(sone, szero, yone, yzero, parametric = FALSE, estimator = "n",
me.variance, extrapolate = TRUE, transform = FALSE, naive = FALSE, Ronly = TRUE)
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Arguments

sone

szero

yone

yzero

parametric

estimator

me.variance
extrapolate
transform

naive

Ronly

Details

31

numeric vector or matrix; surrogate marker for treated observations, assumed to
be continuous. If there are multiple surrogates then this should be a matrix with
n1 (number of treated observations) rows and n.s (number of surrogate markers)
columns.

numeric vector; surrogate marker for control observations, assumed to be con-
tinuous.If there are multiple surrogates then this should be a matrix with ng
(number of control observations) rows and n.s (number of surrogate markers)
columns.

numeric vector; primary outcome for treated observations, assumed to be con-
tinuous.

numeric vector; primary outcome for control observations, assumed to be con-
tinuous.

TRUE or FALSE; indicates whether the user wants the parametric approach to
be used (TRUE) or nonparametric (FALSE).

"non_n

options are "d","q","n" for parametric and "q","n" for nonparametric; "d" stands
for the disattenuated estimator, "q" stands for the SIMEX estimator with quadratic
extrapolation, "n" stands for the SIMEX estimator with a nonlinear extrapola-

tion.
the variance of the measurement error; must be provided.
TRUE or FALSE; indicates whether the user wants to use extrapolation.

TRUE or FALSE; indicates whether the user wants to use a transformation for
the surrogate marker.

TRUE or FALSE; indicates whether the user wants the naive estimate (not cor-
recting for measurement error) to also be calculated

TRUE or FALSE,; indicates whether the user wants only R (and corresponding
variance and confidence intervals) to be returned.

Details can be found in Parast, L., Garcia, TP, Prentice, RL, Carroll, RJ (2019+). Robust Methods
to Correct for Measurement Error when Evaluating a Surrogate Marker. Under Review.

Please email parast@rand.org if you would like a copy of this article.

Value

A list is returned:

R.naive

R.naive.var

the naive estimate of the proportion of treatment effect explained by the surro-
gate marker; only if naive = TRUE

the estimated variance of the naive estimate of the proportion of treatment effect
explained by the surrogate marker; only if naive = TRUE

R.naive.CI.normal

the 95% confidence interval using the normal approximation for the naive es-
timate of the proportion of treatment effect explained by the surrogate marker;
only if naive = TRUE
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R.naive.CI.fieller
the 95% confidence interval using Fieller’s approach for the naive estimate of

the proportion of treatment effect explained by the surrogate marker; only if
naive = TRUE

Bistar.naive  the naive estimate of the adjusted regression coefficient for treatment; only if
naive = TRUE and Ronly = FALSE and parametric = TRUE

Blstar.naive.var
the estimated variance of the naive estimate of the adjusted regression coefficient
for treatment; only if naive = TRUE and Ronly = FALSE and parametric =
TRUE

Blstar.naive.CI.normal
the 95% confidence interval using the normal approximation for the naive esti-
mate of the adjusted regression coefficient for treatment; only if naive = TRUE
and Ronly = FALSE and parametric = TRUE

deltas.naive  the naive estimate of the residual treatment effect; only if naive = TRUE and
Ronly = FALSE and parametric = FALSE
deltas.naive.var
the estimated variance of the naive estimate of the residual treatment effect; only
if naive = TRUE and Ronly = FALSE and parametric = FALSE
deltas.naive.CI.normal
the 95% confidence interval using the normal approximation for the naive esti-
mate of the residual treatment effect; only if naive = TRUE and Ronly = FALSE
and parametric = FALSE
R.corrected.dis
the corrected disattenuated estimate of the proportion of treatment effect ex-
plained by the surrogate marker; only if parametric = TRUE and estimator ="d"
R.corrected.var.dis
the estimated variance of the corrected disattenuated estimate of the proportion
of treatment effect explained by the surrogate marker; only if naive = TRUE
R.corrected.CI.normal.dis
the 95% confidence interval using the normal approximation for the corrected
disattenuated estimate of the proportion of treatment effect explained by the
surrogate marker; only if parametric = TRUE and estimator ="d"
R.corrected.CI.fieller.dis
the 95% confidence interval using Fieller’s approach for the corrected disatten-
uated estimate of the proportion of treatment effect explained by the surrogate
marker; only if parametric = TRUE and estimator ="d"
Blstar.corrected.dis
the corrected disattenuated estimate of the adjusted regression coefficient for
treatment; only if parametric = TRUE and estimator = "d" and Ronly = FALSE
Bistar.corrected.var.dis
the estimated variance of the corrected disattenuated estimate of the adjusted
regression coefficient for treatment; only if parametric = TRUE and estimator =
"d" and Ronly = FALSE
Bistar.corrected.CI.normal.dis
the 95% confidence interval using the normal approximation for the corrected
disattenuated estimate of the adjusted regression coefficient for treatment; only
if parametric = TRUE and estimator = "d" and Ronly = FALSE
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R.corrected.q the corrected SIMEX (quadratic) estimate of the proportion of treatment effect
explained by the surrogate marker; only if estimator = "q"
R.corrected.var.q
the estimated variance of the corrected SIMEX (quadratic) estimate of the pro-

portion of treatment effect explained by the surrogate marker; only if estimator

q

R.corrected.CI.normal.q
the 95% confidence interval using the normal approximation for the corrected
SIMEX (quadratic) estimate of the proportion of treatment effect explained by
the surrogate marker; only if estimator = "q"

R.corrected.CI.fieller.q
the 95% confidence interval using Fieller’s approach for the corrected SIMEX
(quadratic) estimate of the proportion of treatment effect explained by the sur-
rogate marker; only if estimator = "q"

Blstar.corrected.q
the corrected SIMEX (quadratic) estimate of the adjusted regression coefficient
for treatment; only if estimator = "q" and Ronly = FALSE and parametric =
TRUE

Blstar.corrected.var.q
the estimated variance of the corrected SIMEX (quadratic) estimate of the ad-
justed regression coefficient for treatment; only if estimator = "q" and Ronly =
FALSE and parametric = TRUE

Blstar.corrected.CI.normal.q
the 95% confidence interval using the normal approximation for the corrected
SIMEX (quadratic) estimate of the adjusted regression coefficient for treatment;
only if estimator = "q" and Ronly = FALSE and parametric = TRUE

deltas.corrected.q
the corrected SIMEX (quadratic) estimate of the residual treatment effect; only
if estimator = "q" and Ronly = FALSE and parametric = FALSE

deltas.corrected.var.q
the estimated variance of the corrected SIMEX (quadratic) estimate of the resid-
ual treatment effect; only if estimator = "q" and Ronly = FALSE and parametric
=FALSE

deltas.corrected.CI.normal.q
the 95% confidence interval using the normal approximation for the corrected
SIMEX (quadratic) estimate of the residual treatment effect; only if estimator =
"q" and Ronly = FALSE and parametric = FALSE

R.corrected.nl the corrected SIMEX (nonlinear) estimate of the proportion of treatment effect
explained by the surrogate marker; only if estimator = "q"

R.corrected.var.nl
the estimated variance of the corrected SIMEX (nonlinear) estimate of the pro-
portion of treatment effect explained by the surrogate marker; only if estimator

q
R.corrected.CI.normal.nl
the 95% confidence interval using the normal approximation for the corrected
SIMEX (nonlinear) estimate of the proportion of treatment effect explained by

n_n

the surrogate marker; only if estimator = "q
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R.corrected.CI.fieller.nl
the 95% confidence interval using Fieller’s approach for the corrected SIMEX
(nonlinear) estimate of the proportion of treatment effect explained by the sur-

n_n

rogate marker; only if estimator = "q
Blstar.corrected.nl
the corrected SIMEX (nonlinear) estimate of the adjusted regression coefficient
for treatment; only if estimator = "q" and Ronly = FALSE and parametric =
TRUE
Blstar.corrected.var.nl
the estimated variance of the corrected SIMEX (nonlinear) estimate of the ad-
justed regression coefficient for treatment; only if estimator = "q" and Ronly =
FALSE and parametric = TRUE
Bistar.corrected.CI.normal.nl
the 95% confidence interval using the normal approximation for the corrected
SIMEX (nonlinear) estimate of the adjusted regression coefficient for treatment;
only if estimator = "q" and Ronly = FALSE and parametric = TRUE
deltas.corrected.nl
the corrected SIMEX (nonlinear) estimate of the residual treatment effect; only
if estimator = "q" and Ronly = FALSE and parametric = FALSE
deltas.corrected.var.nl
the estimated variance of the corrected SIMEX (nonlinear) estimate of the resid-
ual treatment effect; only if estimator = "q" and Ronly = FALSE and parametric
=FALSE
deltas.corrected.CI.normal.nl
the 95% confidence interval using the normal approximation for the corrected
SIMEX (nonlinear) estimate of the residual treatment effect; only if estimator =
"q" and Ronly = FALSE and parametric = FALSE

Author(s)

Layla Parast

References

Parast, L., Garcia, TP, Prentice, RL, Carroll, RJ (2019+). Robust Methods to Correct for Measure-
ment Error when Evaluating a Surrogate Marker. Under Review.

Examples

data(d_example)

names (d_example)

R.s.estimate.me(yone=d_example$yl, yzero=d_example$y@d, sone=d_example$si.a, szero=d_example$s0.a,
parametric = TRUE, estimator = "d"”, me.variance = 0.5, naive= TRUE, Ronly = FALSE)
R.s.estimate.me(yone=d_example$y1, yzero=d_example$y@d, sone=d_example$si.a, szero=d_example$s0.a,
parametric = TRUE, estimator = "g", me.variance = 0.5, naive= FALSE, Ronly = TRUE)
R.s.estimate.me(yone=d_example$yl, yzero=d_example$yd, sone=d_example$si.a, szero=d_example$s0d.a,

"n.n

parametric = FALSE, estimator = "q", me.variance = 0.5, naive= FALSE, Ronly = TRUE)
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R.s.surv.estimate

Calculates the proportion of treatment effect explained by the surro-
gate marker information measured at a specified time and primary
outcome information up to that specified time

Description

This function calculates the proportion of treatment effect on the primary outcome explained by
the surrogate marker information measured at ¢y and primary outcome information up to ¢yg. The
user can also request a variance estimate, estimated using perturbating-resampling, and a 95% con-
fidence interval. If a confidence interval is requested three versions are provided: a normal ap-
proximation based interval, a quantile based interval and Fieller’s confidence interval, all using
perturbation-resampling. The user can also request an estimate of the incremental value of surro-
gate marker information.

Usage

R.s.surv.estimate(xone, xzero, deltaone, deltazero, sone, szero, t,

weight.perturb

= NULL, landmark, extrapolate = FALSE, transform = FALSE,

conf.int = FALSE, var = FALSE, incremental.value = FALSE, approx = T)

Arguments

Xone

Xzero

deltaone

deltazero

sone

szero

t
weight.perturb
landmark
extrapolate

transform

numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

numeric vector; surrogate marker measurement at ¢ for treated observations,
assumed to be continuous. If X;; < ?g, then the surrogate marker measurement
should be NA.

numeric vector; surrogate marker measurement at ¢y for control observations,
assumed to be continuous. If X;; < ¢y, then the surrogate marker measurement
should be NA.

the time of interest.

weights used for perturbation resampling.

the landmark time ¢ or time of surrogate marker measurement.

TRUE or FALSE; indicates whether the user wants to use extrapolation.

TRUE or FALSE; indicates whether the user wants to use a transformation for
the surrogate marker.
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conf.int TRUE or FALSE; indicates whether a 95% confidence interval for delta is re-
quested, default is FALSE.

var TRUE or FALSE; indicates whether a variance estimate is requested, default is
FALSE.

incremental.value
TRUE or FALSE; indicates whether the user would like to see the incremental
value of the surrogate marker information, default is FALSE.

approx TRUE or FALSE indicating whether an approximation should be used when
calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.

Details

Let G be the binary treatment indicator with G = 1 for treatment and G = 0 for control and we
assume throughout that subjects are randomly assigned to a treatment group at baseline. Let 71
and T'© denote the time of the primary outcome of interest, death for example, under the treatment
and under the control, respectively. Let S(1) and S(®) denote the surrogate marker measured at time
to under the treatment and the control, respectively.

The residual treatment effect is defined as
As(t tg) = P(TO > t5) {/wl(ﬂs,to)dFo(sto) — P(TO > [7©® > to)}

where Fy(-|to) is the cumulative distribution function of S(*) conditional on T(®) > ¢y and ¢, (t|s, to) =
P(TM > #|SM = 5, 7N > t,). The proportion of treatment effect explained by the surrogate
marker information measured at ¢y and primary outcome information up to ¢(, which we denote by
Rs(t,to), can be expressed using a contrast between Ag(t,to) and A(t):

Rs(t,to) = {A(t) — As(t, to)}/A(t) =1 — Ag(t, to) /A(1).

The definition and estimation of A(t) is described in the delta.surv.estimate documentation.

Due to censoring, our data consist of ny observations {(X1;,014,51:),4 = 1,...,n1} from the
treatment group G = 1 and nq observations {(Xo;, 60;, S0:),? = 1, ...,ng} from the control group
G = 0 where Xg; = min(Ty;, Cyi), 0gi = I(Tgi < Cgi), Cy; denotes the censoring time, and S,
denotes the surrogate marker information measured at time ¢g, for g = 1,0, for individual ¢. Note
that if Xj; < to, then Sy; should be NA (not available).

To estimate Ag(t, to), we use a nonparametric kernel Nelson-Aalen estimator to estimate v (¢|s, to)
as U (t|s, to) = exp{—A1(¢|s,t0)}, where

Py I( X > t0) Kp{v(S1i) —v(s)}dN1(2)
o 2oimy T(X1i > to) Kp{y(S1i) —v(s)}Y1i(2)

is a consistent estimate of Aq(t|s,t0) = —log[w1(t]s,to)], Y1i(t) = (X1 > t),Ny(t) =
I(X1; < t)d;, K(+) is a smooth symmetric density function, K, (x) = K(z/h)/h,~(-) is a given
monotone transformation function, and A is a specified bandwidth. To obtain an appropriate h we
first use bw.nrd to obtain h,,;; and then we let h = hoptnl_c" with ¢y = 0.11.

Al(t|8, t()) =
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Since Fy(s|to) = P(Soi < s|Xo; > to), we empirically estimate Fy(s|tg) using all subjects with
XOi > tg as
o0 I(Soi < s, Xoi > to)

S I(Xoi > to)

Subsequently, we construct an estimator for Ag(¢,tp) as

Fo(slto) =

~ _ 70 ~ I(X()Z' > t(]) I(X()i > t)
A =ny'> - - ==
P [Wtso G W ]

where Wgc (+) is the Kaplan-Meier estimator of survival for censoring for g = 1,0. Finally, we
estimate Rg(t,to) as Rs(t,t0) = 1 — Ag(t, to)/A(t).

Variance estimation and confidence interval construction are performed using perturbation-resampling.
Specifically, let {V(b) = (V( ) Vl(nz , VO( ), ...VO(:Z)T, b=1,..., D} be nx D independent copies
of a positive random variables V' from a known distribution with unit mean and unit variance. Let

A® () = S VI > 1) S VI (X > 0
Y Vl(ib)ch(b) (t) i Vo(ib)WOC(b)( t)

In this package, we use weights generated from an Exponential(1) dlstrlbution and use D = 500.
The variance of A(t) is obtained as the empirical variance of {A@®)® b = 1,...,D}. Variance
estimates for Ag(t, to) and Rg(t, to) are calculated similarly. We construct two versions of the 95%
confidence interval for each estimate: one based on a normal approximation confidence interval
using the estimated variance and another taking the 2.5th and 97.5th empirical percentile of the
perturbed quantities. In addition, we use Fieller’s method to obtain a third confidence interval for

Rg(t,to) as ) )
{1_r: (As(t,to) = rA(1)? <}

G11 — 2ré12 + 126592

where 3 = (6ij)1<i,j<2 and ¢, is the (1 — «)th percentile of

{ {AD (1) = (1 = Rs(t,t0))A(t) ")} L O}
011 — 2(1 — Rs(t,to))(flg =+ (1 — Rs(t,to))25'227 ’ ’

where o = 0.05.

Since the definition of Rg(t,to) considers the surrogate information as a combination of both S
information and 7" information up to ¢y, a logical inquiry would be how to assess the incremental
value of the S information in terms of the proportion of treatment effect explained, when added to T’
information up to ¢g. The proportion of treatment effect explained by 7" information up to ¢y only is
denoted as Ry (¢, o) and is described in the documentation for R.t.surv.estimate. The incremental
value of S information is defined as:

AT(t7 tO) - As(ta tO)

IVs(t, to) = Rs(t, to) — Rr(t,to) = A(t)

For estimation of Ry (to), see documentation for R.t.surv.estimate. The quantity IVs(¢,1¢) is then
estimated by IV g(t,t9) = Rs(t,to) — Rr(t,to). Perturbation-resampling is used for variance
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estimation and confidence interval construction for this quantity, similar to the other quantities in
this package.

Note that if the observed supports for S are not the same, then Ay (¢|s, to) for So; = s outside the
support of S7; may return NA (depending on the bandwidth). If extrapolation = TRUE, then the
Al(t\s, to) values for these surrogate values are set to the closest non-NA value. If transform =
TRUE, then Sy; and Sy; are transformed such that the new transformed values, St and S§; are
defined as: S; = F([Sy; — p]/0) for g = 0,1 where F'(-) is the cumulative distribution function
for a standard normal random variable, and i and o are the sample mean and standard deviation,
respectively, of {(S1:, S0:)T,i  s.t. X4 >t}

Value

A list is returned:

delta the estimate, A(t), described in delta.estimate documentation.
delta.s the estimate, As(t, to), described above.

R.s the estimate, Rg(t, to), described above.

delta.var the variance estimate of A(t); if var = TRUE or conf.int = TRUE.
delta.s.var the variance estimate of As(t, to); if var = TRUE or conf.int = TRUE.
R.s.var the variance estimate of Ryg(t,to); if var = TRUE or conf.int = TRUE.

conf.int.normal.delta
a vector of size 2; the 95% confidence interval for A(t) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile.delta
a vector of size 2; the 95% confidence interval for A(t) based on sample quan-
tiles of the perturbed values, described above; if conf.int = TRUE.
conf.int.normal.delta.s
a vector of size 2; the 95% confidence interval for As(t, to) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile.delta.s
a vector of size 2; the 95% confidence interval for Ag(t, to) based on sample
quantiles of the perturbed values, described above; if conf.int = TRUE.
conf.int.normal.R.s
a vector of size 2; the 95% confidence interval for Rg (t,to) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile.R.s
a vector of size 2; the 95% confidence interval for Rs(t, to) based on sample
quantiles of the perturbed values, described above; if conf.int = TRUE.
conf.int.fieller.R.s
a vector of size 2; the 95% confidence interval for ]A%S(t, to) based on Fieller’s
approach, described above; if conf.int = TRUE.

delta.t the estimate, AT(t, to), described above; if incremental.vaue = TRUE.

R.t the estimate, RT(t, to), described above; if incremental.vaue = TRUE.
incremental.value
the estimate, IV s(t, to), described above; if incremental.vaue = TRUE.
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delta.t.var the variance estimate of Ar(t,o); if var = TRUE or conf.int = TRUE and in-

R.t.var

cremental.vaue = TRUE.

the variance estimate of RT (t,to); if var = TRUE or conf.int = TRUE and incre-
mental.vaue = TRUE.

incremental.value.var

conf.

conf.

conf.

conf.

conf.

conf.

conf.

Note

int.

int.

int.

int.

int.

int.

int.

the variance estimate of [ Vs(t, to); if var = TRUE or conf.int = TRUE and
incremental.vaue = TRUE.
normal.delta.t
a vector of size 2; the 95% confidence interval for Ar(t, o) based on a normal
approximation; if conf.int = TRUE and incremental.vaue = TRUE.
quantile.delta.t
a vector of size 2; the 95% confidence interval for AT(t, to) based on sample
quantiles of the perturbed values, described above; if conf.int = TRUE and in-
cremental.vaue = TRUE.
normal.R.t
a vector of size 2; the 95% confidence interval for Ry (t, o) based on a normal
approximation; if conf.int = TRUE and incremental.vaue = TRUE.
quantile.R.t
a vector of size 2; the 95% confidence interval for RT(t, to) based on sample
quantiles of the perturbed values, described above; if conf.int = TRUE and in-
cremental.vaue = TRUE.
fieller.R.t
a vector of size 2; the 95% confidence interval for Rr(t,ty) based on Fieller’s
approach, described above; if conf.int = TRUE and incremental.vaue = TRUE.
normal.iv
a vector of size 2; the 95% confidence interval for I Vg(t, to) based on a normal
approximation; if conf.int = TRUE and incremental.vaue = TRUE.
quantile.iv
a vector of size 2; the 95% confidence interval for I Vs(t, to) based on sam-
ple quantiles of the perturbed values, described above; if conf.int = TRUE and
incremental.vaue = TRUE.

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better. If the observed support of the surrogate marker for
the control group is outside the observed support of the surrogate marker for the treatment group,
the user will receive the following message: "Warning: observed supports do not appear equal, may
need to consider a transformation or extrapolation".

Author(s)

Layla Parast
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Examples

data(d_example_surv)
names (d_example_surv)

R.t.surv.estimate Calculates the proportion of treatment effect explained by the primary
outcome information up to a specified time

Description

This function calculates the proportion of treatment effect on the primary outcome explained by the
treatment effect on the primary outcome up to tg. The user can also request a variance estimate,
estimated using perturbating-resampling, and a 95% confidence interval. If a confidence interval
is requested three versions are provided: a normal approximation based interval, a quantile based
interval and Fieller’s confidence interval, all using perturbation-resampling.

Usage

R.t.surv.estimate(xone, xzero, deltaone, deltazero, t, weight.perturb = NULL,
landmark, var = FALSE, conf.int = FALSE, approx = T)

Arguments

xone numeric vector, the observed event times in the treatment group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

Xzero numeric vector, the observed event times in the control group, X = min(T,C)
where T is the time of the primary outcome and C is the censoring time.

deltaone numeric vector, the event indicators for the treatment group, D = I(T<C) where
T is the time of the primary outcome and C is the censoring time.

deltazero numeric vector, the event indicators for the control group, D = I(T<C) where T
is the time of the primary outcome and C is the censoring time.

t the time of interest.

weight.perturb weights used for perturbation resampling.

landmark the landmark time £, or time of surrogate marker measurement.

var TRUE or FALSE; indicates whether a variance estimate for delta is requested,
default is FALSE.

conf.int TRUE or FALSE; indicates whether a 95% confidence interval for delta is re-
quested, default is FALSE.

approx TRUE or FALSE indicating whether an approximation should be used when

calculating the probability of censoring; most relevant in settings where the sur-
vival time of interest for the primary outcome is greater than the last observed
event but before the last censored case, default is TRUE.



R.t.surv.estimate 41

Details

Let G be the binary treatment indicator with G = 1 for treatment and G = 0 for control and we as-
sume throughout that subjects are randomly assigned to a treatment group at baseline. Let 7" denote
the time of the primary outcome of interest, death for example. We use potential outcomes notation
such that 79) denotes the time of the primary outcome under treatment G = g. The proportion of
treatment effect explained by T observed up to tg only is Rr(t,t0) = 1 — A (t,t9)/A(t) where

Ar(t,tg) = P(TO > to)P(TW > t | T > ty) — P(T© > 1),
To estimate Rr(t,to), we use the estimator RT(t, to) = 1— AT(t, to)/A(t) where AT(L‘7 to) =

bo(to)d1(t)/d1(to) — do(t) and Gg(u) = ngt Yy % for g = 1,0 where Wgc() is the

Kaplan-Meier estimator of survival for censoring for g = 1, 0.

Value

A list is returned:

delta the estimate, A(t), described in delta.estimate documentation.
delta.t the estimate, AT(t, to), described above.

R.t the estimate, R (t, ), described above.

delta.var the variance estimate of A(t); if var = TRUE or conf.int = TRUE.

delta.t.var the variance estimate of A7 (t,ty); if var = TRUE or conf.int = TRUE.

R.t.var the variance estimate of Rr(t, ); if var = TRUE or conf.int = TRUE.

conf.int.normal.delta
a vector of size 2; the 95% confidence interval for A(t) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile.delta
a vector of size 2; the 95% confidence interval for A(t) based on sample quan-
tiles of the perturbed values, described above; if conf.int = TRUE.
conf.int.normal.delta.t
a vector of size 2; the 95% confidence interval for Ar(¢,¢y) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile.delta.t
a vector of size 2; the 95% confidence interval for Ap(t,t) based on sample
quantiles of the perturbed values, described above; if conf.int = TRUE.
conf.int.normal.R.t
a vector of size 2; the 95% confidence interval for Ry (¢, o) based on a normal
approximation; if conf.int = TRUE.
conf.int.quantile.R.t
a vector of size 2; the 95% confidence interval for Ry (t,to) based on sample
quantiles of the perturbed values, described above; if conf.int = TRUE.
conf.int.fieller.R.t
a vector of size 2; the 95% confidence interval for Ry (t,to) based on Fieller’s
approach, described above; if conf.int = TRUE.
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Note

If the treatment effect is not significant, the user will receive the following message: "Warning: it
looks like the treatment effect is not significant; may be difficult to interpret the residual treatment
effect in this setting". If the treatment effect is negative, the user will receive the following message:
"Warning: it looks like you need to switch the treatment groups" as this package assumes throughout
that larger values of the event time are better.

Author(s)

Layla Parast

References

Parast, L., Cai, T., & Tian, L. (2017). Evaluating surrogate marker information using censored data.
Statistics in Medicine, 36(11), 1767-1782.

Examples

data(d_example_surv)
names (d_example_surv)
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