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Abstract

There are different programs available for survival analysis. However, these programs
do not deal with survival problems with all censor types. The aim of this study is to form
and explain “ShinySurv” application of survival analysis methods in R-Shiny for different
types of censorship. Using ShinySurv, the user can upload his own data set to the system
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or benefit from sample data sets. ShinySurv provides visualization of analysis results with
graphs and reporting of results for parametric and non-parametric survival methods. An
example application of a survival analysis is given. The web application and the codes
can be accessed at https://scypter.shinyapps.io/ShinySurv/ and https://github.com/
fatihsaglam /ShinySurv.

Subject Classification: 62N02, 62N03, 62G07.
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1. Introduction

R program is a programming language in which statistical methods
are applied and graphics are created. The R is constantly being developed,
reported bugs, and can be modified. Shiny, a package of R, is a program
that users can interact with over the web, making analysis and graphics
fast and simple. Thanks to Shiny, users can access via the web even with
tablets and smartphones without the R program. This makes the program
more flexible and comfortable to use [28]. For this reason, Shiny
applications for different statistical methods have been developed by
researchers. Thus, analyzes made especially in the field of biostatistics
have become easier for users. Wang and Zhou [35] developed parametric
and semi-parametric models in right-censored data to deal with large data
sets in biostatistics and bioinformatic. They used the SurvELM package
and Shiny in R for this. Zhou et al. [41] developed the Shiny application
named MEPHAS, which includes statistical analyzes for medicine and
pharmacists in their study. Soutinho and Machado [29] developed a web
application called MSM.App in Shiny in 2022. In this application, the
Kaplan-Meier method, Cox regression and accelerated time to failure
models, which are among the survival analysis methods, were explained.
Yasar et al. [38] applied statistical methods, hypothesis testing, correlation
and regression analysis in the Shiny application they made using the R
software. Arslan et al. [4, 5] used the Shiny to calculate sample size and
power analysis for hypothesis testing, diagnostic tests, correlation and
regression analysis. In another study they conducted in 2018, they applied
the Kruskal Wallis H Test using the Shiny package. Holland and Schneider
[17] developed the R Shiny application in dose-response experiments
(beam designs) applied in optimal experimental design theory, which can
be applied to the selection of optimal dose levels for each available
observation and to both single dose-response relationships and interaction
experiments in which two substances are given at the same time in several
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different mixing ratios. Chopra et al. [9] taking full advantage of cloud
computing technology requires redesigning applications to take full
advantage of them. They proposed many strategies to improve the quality
of web applications deployed in the cloud. Li et al. [23] They proposed a
method to generate and verify authentication codes using cryptographic
techniques that link a generated code to a specific user. Chu et al. [10]
developed the “SMART” Shiny app that helps researchers perform
demographic analysis of the original HIS datasets, Kaplan-Meier survival
analysis and Cox proportional hazard ratio analysis. Dwivedi et al. [13] in
their shiny application named “Survival Genie”, analyzed 53 datasets of
27 different malignancies from 11 different cancer programs related to
adult and pediatric cancers with the Cox proportional hazard model. Wei
et al. [36] used dual criteria and confidence interval-based approaches in
drug development to enable quantitative decision making, and they made
the application in shiny “GOahead”. Wissel et al. [37] developed
“COVID-19 Watcher”, an interactive online dashboard Shiny app to
monitor COVID-19 in US cities and states in real time. Yasar et al. [39]
developed the “DTROC” software, a web-based and user-friendly Shiny
application, with which clinicians and researchers can perform two- and
three-dimensional receiver operating characteristic (ROC) curve analyzes
and calculate diagnostic test performance metrics. Ozhan et al. [27]
developed a Shiny application to perform multivariate survival analysis of
TCGA data with “SmulTCan” gene sets. When the studies were examined,
the aWpplications of survival analysis methods for different variables
were made in Shiny. We see application of survival analysis methods for
different variables made in Shiny. However, the different types of
censorship in survival analysis have not been examined in detail.

It is possible for an individual or object to leave the study for any
reason. Often times, the failure process is completely unobservable. In this
case, the only information obtained would be when the individual stopped
functioning. If the individual is known to be alive at time , time is called
the censored survival time. Right censoring occurs only if the time of
investigated event is known to be longer than the censoring time at the
end of the study, loss of follow-up, or patient withdrawal. Left censoring
exists when the individual’s actual survival is less than the observed
survival time. In intermittent censorship, it is known that the time interval
in which the investigated event occurs is somewhere between a and b [12].
If there is both right and left censoring in the data set, this is called double
censoring.
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Packages such as survival, KMsurv, npsurv, NADA and dblcens
available in R can perform survival analysis by writing code. Apart from
R, it is also possible to perform survival analysis in package programs
such as SAS, Stata, SPSS and Minitab.

It is difficult to encounter datasets with only left censorship. Left-
censored datasets often contain both left- and right-censored samples [20].
Therefore, these datasets are considered doubly censored [33]. As far as
we know, the options for users to perform a double censored survival
analysis are only available in the dblcens package. However, the dblcens
package does not provide detailed results and requires coding. We took
this into account when writing the ShinySurv app. ShinySurv can handle
right, left, double and interval censorship types both parametrically and
non-parametrically.

This article introduces the ShinySurv application, its properties and
how it works. In Chapter 2, the structure of ShinySurv and data entry are
explained. Chapter 3 shows all phases of the program on a sample
application. In Chapter 4, ShinySurv is compared with other Shiny survival
analysis applications, R packages, and package programs. Chapter 5
discusses the results of the article and future work.

2. Framework and Data Entry

ShinySurv is an application that includes parametric and non-
parametric methods in survival analysis. In Figure 1, the structure of the
program is explained in general. Example data sets are available in the
interface so that users can easily understand and practice different types
of censorship. At the same time, the users can enter their own data.

In Figure 2, flowchart of data entry in data menu is shown. Example
data sets for different censorship types are available in the “Load data”
section of the data menu. There are right censored, double (right and left,
that is, double) censored, interval censored data set examples.

a [E%}Imporl ‘ Non-Parametric
O Distribution |-_Jl>
: ':'l> D PetaStmmary D A seecion ’
User
3 Load A Parametric

Figure 1

i

ShinySurv framework
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Example 1 (“right censored”) is a right censored data example. In the
study conducted on 42 children with leukemia, the patients were randomly
divided into 2 groups. The first group was treated with 6-MP medication,
while the other group was determined as placebo. The study was followed
until the leukemia relapsed or the end of the study period [20].

Example 2 (“left and right censored”) is an Example of Double
Censored Data. The question “When did you first use cannabis” was
asked to 191 male students studying at high school in the United States.
Accordingly, those who said “I have never used it” among the answers
were censored from the right. Those who answered “I used it but I don’t
remember when I used it for the first time” were considered censored
from the left. This data set was taken as double censored [20].

Example 3 (“interval censored”) is an Interval Censored Data
Example. Women treated for breast cancer were divided into two groups.
While only radiation therapy was applied to 46 women, 48 women received
both radiation and chemotherapy treatment. Patients were observed in the
range of 4-6 months and cancer cells were followed. Since observation was
made in this time interval, the data was taken as an example for interval
censorship [20].

Example 4 (“lung”) is the Lung Cancer Data Example. They analyzed
how well lung cancer patients were able to perform their usual daily
activities by measuring their performance scores with survival analysis
methods. The data set is “NCCTG Lung Cancer Data”. We studied 167
patients free of missing data [24].

Example 5 (“ovarian”) is the Ovarian Cancer Data Example. 26 people
were randomly selected from advanced ovarian cancer patients. The
patients were treated every 3 weeks and the course of the tumor was

Figure 2

Data Entry
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followed. The age of ovarian cancer patients and the effect of the treatment
method on cancerous cells were compared [14].

Users can upload files in “csv” format in the “import data” section so
that they can make applications on their own datasets. Rows that include
missing observations in the loaded data set are automatically deleted.

Users should pay attention to the following points when entering data
according to censorship types.

e “Time1” is the observation start time and “Time 2" is the observation
end time.

e For right, left censored or uncensored data, when only one of “Time
17 and “Time 2” is entered, the application will accept the start of
tracking as 0 and will take the entered variable as the end time of
tracking.

* Interval censorship requires both “Time 1” and “Time 2” variable.
For left-censored cases, “Time 1” should be 0. For right-censored
cases, the follow-up end time in “Time 2” should be left blank.

*  “Group” is the group variable. All analyzes will be performed taking
into account the group variable entered.

* “Right censor” and “Left censor” sections accept the censor variable.
It should take the values 0, “censored” and 1, “uncensored” for both
right and left censored. If no variables are entered, it means that
there is no censorship.

¢ Censor information for interval censorship must be handled in “Time
17 and “Time 2”. So “Right censor” and “Left censor” is useless for
interval censoring.

A summary preview of the selected dataset is given below the button
before it is imported or loaded. Finally, the user who imports or loads the
data can obtain the application results by choosing one of the parametric
and non-parametric survival analysis methods.

3. Application and Results

The image of the results obtained when the “right censored” sample
data set in the Load data menu of the ShinySurv is as in Figure 3. Summary
information about the data set to be used is accessed from the “Data
Summary” tab. In the “Dataset”, there is the table of the variables selected
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for analysis. The time interval in which individuals are observed from the
beginning to the end is visualized in the graphic on the “Timeline” box.
The censored cases in this time interval are separated according to the
endpoint shapes, and the groups are according to the curve types. Using
the download button, the graphic can be downloaded in different
measurements and formats.

There can be many reasons that lead to the failure or death of a person
at a given time. It is very difficult, if not impossible, to isolate the causes
and explain them all mathematically. It is therefore difficult to choose a
theoretical distribution to approximate survival data. ShinySurv offers 8
different theoretical distributions that are commonly used to define
survival time: Exponential, Weibull, Gamma, Generalized Gamma, log-
Normal, logLojistic, Gompertz, and Rayleigh.

In the “Distribution Selection” tab, the fit of the existing distributions
to the survival data is compared. Comparison results are shown in Figure
4. AIC and log-likelihood values of distributions are tabulated for users.
According to the AIC value, the 3 most suitable distributions and their
corresponding parameters are printed on the screen.

After selecting the appropriate censorship type, the analysis is
conducted in the “Parametric”, “Non-Parametric” tabs.

3.1 Parametric Methods

Survival time data include failure, death, response, relapse,
development of a particular disease, etc. It refers to the time elapsed until
an investigated event. This defined time is a random variable and has a
distribution. The parameters of the distribution are calculated using the
maximum likelihood method.

Censorships need to be handled carefully when constructing a
likelihood function. For each observation, there is a different structure of
information according to the censorship. In the likelihood function, the
information that an uncensored event will add is the density of the event
at that moment. For cases with right censorship, it is the probability that
the event is greater than that time. For left censorship, it is the probability
of the event being less than that time [20]. For interval censored data, the
probability of the event occurring within the specified range, [a, ], or the
density of the midpoint of the range, i.e. f = (a + b)/2 should be taken into
account. ShinySurv takes into account the density of the midpoint of this
range. This point is coded as left censored if the starting point of the range
is 0, and right censored if the end point is empty. It is then subject to the



A SURVIVAL ANALYSIS AND SHINY WEB APPLICATION 1565

procedure mentioned in the right and left censorship. In this case, the
general formula of the likelihood function is

Lo rgf(xi)QS(Cr)qF(Cl).

Here, L is the likelihood function, C, and C, are the observation times
of the right and left censored samples. D, R, and L are sets of uncensored,
right-censored, and left-censored events, respectively. S(t) is the survival
function, which gives the probability of P(T > t), and F(t) is the failure
function, which gives the probability of P(T < t).

Parametric survival analysis is performed under the “Parametric”
tab. Figure 5 shows the structure of this tab. In parametric survival
analysis, survival, failure, cumulative hazard, hazard and density
functions are obtained and presented graphically. There are 8 different
distribution options to obtain these functions. Below the graph, information
about the mean and median survival times is given. Below it, the
distribution parameters are given. Finally, a life table containing 30 equally
spaced time grid in the maximum and minimum survival time. In order to
obtain the confidence intervals of all these results, the “Confidence
Interval” should be marked in the “Curve Settings” box. Bootstrap
methods are used to obtain confidence intervals. Available bootstrap
methods in “bootstrap type” are Non-parametric bootstrap and Jackknife
methods. In the “Graph Settings” box, the graphic design can be adjusted
in detail. The “Apply” button applies the changes. Finally, the user can
click the “Generate Report” button to generate the parametric survival

1
¢ Settings Re E) Generate Report
Curve Settings E | 8 Graph 3
pueten 1B Conmence Imenval

wwwwwww

Means an¢ \d Medians Paramef ters

Figure 5

“Parametric” tab
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analysis report in “.docx” format. At the same time, the resulting graphic
can be downloaded separately in different measurement and file formats.

3.1.1. Survival

Let T be the survival time. Survival function denoted by S(t); It is
defined as the probability that an individual will survive longer than a
certain time f.

5(t) = P(“the probability of an individual surviving longer than t”) =
P(T > t)

The S(t) function is also known as the cumulative survival rate. The
S(t) plot is called the survival curve.

3.1.2. Failure

“Failures” or “deaths” in survival analysis are the “detects” of
environmental science—the observations with a single known value [16].
Failure function is denoted by F(f) and equals to the probability P(T < t),
which is 1 - S(¢).

3.1.3. Density

The probability density function for the time of death of an individual
is expressed in

f ( t) _lim P{Individual's death in the interval [f, { + At)}
T A0 At

with the limit definition of the probability that the individual’s death will
be a small [t,t+At) of width At. The probability density function is also
known as the “unconditional failure rate”.

If the probability density function f(t) for a continuous random
variable T defined in the interval [0,) is represented by f(t), this
function is the derivative of the cumulative distribution function F(t), if
any [18].

3.1.4. Hazard

The hazard function h(t) of survival time T gives the conditional
failure rate. The Hazard (hazard, risk) function T is a conditional
distribution of survival time. Given that an asset lives to time ¢, the
probability that it will die in a given time (At) is represented by the hazard
function h(t),
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Failure of the individual in he time interval (¢, t+At),

. { given that they have survived until the time ¢
h(t) =lim Af
While the survival function focuses on the absence of an event, the
hazard function, on the contrary, focuses on the probability of the event
occurring [25].
The cumulative hazard function is

H(t) = [h(x)dx.

At the same time, between the cumulative hazard function and the
survival function is

H(t)=-log S(¢). )

In Equation 1, for ¢ =0, S(t)=1. If H(t)=0, then S(t)=0 and
H(t)=cw for t=c. The cumulative hazard function can take any value
between 0 and .

3.2 Non-Parametric Methods

The Kaplan-Meier estimator [19], also known as the product limit
estimator, is a non-parametric statistic used to estimate survival function
from survival data. In medical research, it is often used to measure the
proportion of patients who live for a certain period of time after treatment.

Survival function of Kaplan-Meier estimator (probability of survival
longer than ¢) is

é(t):ﬁ{"f‘df} k<m;t <t<t .
i ’ ) (+1)

nj

Here, n; is the number of individuals in the transaction at the j-th
point, and d, is the number of individuals who died at the j-th point. k is
the number of observed observations and 7 is the total number of
individuals in the research. The standard error of this estimate is

~ k d
o, =5,

— 1 k<n;t <t<t
(1) Snn—d;) )

(+1)

Confidence interval can be calculated directly with .§(t) 22 0pn Oy
However, since this confidence interval can take values outside the [0, 1]
interval, alternative methods have been proposed. The types of confidence
intervals that ShinySurv can calculate are linear, Peto, log, loglog, Rothman,
Grunkemeier, Hall-Wellner, log Hall-Wellner, Equal Precision, and log
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Equal Precision. These methods are calculated in R with the help of km.ci
package [31]. Cumulative hazard function and standard error by Nelson-
Aalen method is

=

A(t)= z;’ ho =2 )
S /S j

Turnbull’s algorithm for left censorship consists of four steps. Table 1
shows Turnbull’s algorithm steps. The final d obtained can be substituted
in Equation 2 to obtain the cumulative hazard function for the left censor.
Confidence intervals can also be obtained by replacing d with d.

Table 1

Turnbull’s survival function algorithm for the last censored data

Step 1: Calculate initial §K(t).

SK (t]' -1)-Sg (tj) .

Step 2: Calculate P, :P[t.—1<X£t_i|X£t.] using 50
K\Yi

Step 3: Calculate the number of events in ¢, d d+ZLicp,

., is not close enough to

Step 4: Calculate S, ()= H{ ’} using d. If S
S (£), return to Step 2. /7 "

Turnbull’s proposed method for interval censorship lists the start and
end time times as 4, and b, 0=1,<7 <---<7, . The i-th sample is given
weight o, o takes the value 1 if (r_(j—1),7] contains the interval,
(a,,b,], and 0 if it does not. Then the five-step algorithm is passed. Table 2
shows the steps of the algorithm. The cumulative hazard function for the

Table 2
Turnbull’s survival function algorithm for interval censored data

Step 1: Calculate initial éK(t).
Step 2: Calculate p, =5(z,)-5(7)),j=1,...,m for 7.
Step 3: Calculate d, = S b
ik P
Step 4: Calculate Y =37} .d,.

Step 5: Calculate S‘< (B = ]_[] 1{

i,
return to Step 2.

., isnot close enough to S, (t),

nj
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“Non-Parametric” tab

left censor can be obtained by substituting in the final d in Equation 2.
Confidence intervals are obtained in the same way.

The “Non-Parametric” tab of the ShinySurv is shown in Figure 6. In
the “Curve Settings” box, confidence interval and hypothesis test options
are determined after the curve type. The survival graph, mean and median
values and comparison test results are obtained by clicking the Generate
button. In non-parametric methods, statistical tests are used to compare
survival rates between groups. The absence hypothesis is based on the fact
that there is no difference between the survival curves of the groups.
Logrank and Wilcoxon tests are available to compare survival curves
between groups. For multiple comparison methods, importance level
corrections can be made under the “adjustment method” heading. The
methods added for this are “bonferroni”, “holm”, “hochberg”, “hommel”,
“BH”, “fdr” methods are taken from the stats package in R [7]. “Graph
Settings” and “Generate Report” are the same as their counterparts in the
“Parametric” tab.

ShinySurv allows the user to report and save their results. It also
provides interactive charts that display values on graphs and can be
configured for download by users.

4. Comparison with Similar Softwares

Programs such as SAS, Stata SPSS and Minitab, which are frequently
preferred for statistical tests, make survival analysis easier for users.
However, basic statistics must be known in order to perform survival
analysis in these programs, and these programs are licensed, which makes
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it difficult for users to access. In SAS, it is possible to analyze left, right and
interval censored data with the LIFEREG procedure. Censorship types are
determined by different MODEL definitions [3]. STATA survival analysis
reports provides some information about left censorship, however the
applications are insufficient. For example, it cannot handle the doubly
censored data [11, 30]. SPSS is an easy-to-apply statistical program for
social sciences. Nevertheless, it is frequently used in health sciences and
natural sciences. The fact that the SPSS does not require code writing and
has sufficient resources for output comments is an important reason for
preference. SPSS can perform Kaplan-Meier and Cox Regression, one of
the survival analysis methods, for right censoring [21, 6]. However, it
cannot perform survival analysis for other types of censorship. In the
Minitab program, right, left and interval censoring can be conducted.
While applying left censorship, the data is converted to be right censored
and the curve is obtained in this way [16]. However Minitab cannot
consider double censor. ShinySurv can handle all types of censorship and
report both parametric and non-parametric survival results and curves.

Survival analysis is conducted in package programs such as SAS,
STATA, SPSS and Minitab programs. Different types of censorship are also
included in them. However, “R” is always ahead of these programs due to
its developing structure and ease of access. Studies for left censoring [1,8],
interval censoring [2,15] and other types of censoring [26] is frequently
encountered. The most commonly used packages are survival [32],
KMsurv [20], npsurv [34], NADA [22], dblcens [40], and icenreg [2]. But,
the application of different methods and censorship types in each package
causes confusion for users. Also, these packages are weak on their own in
terms of visualization and require the visualization skills of the user with
different visualization packages. Having too many packages also makes it
difficult to implement in R [25]. ShinySurv does not need any coding and
contains all types of censorship. It also offers many options to the user in
terms of visualization.

Apart from package programs and R packages, there are web
applications made with Shiny. Examples of these web applications are
MEPHAS, MSM.app, SMART, and Survival Genie. None of these web
applications allow different types of censorship. In addition, it cannot
perform parametric survival analysis. Table 3 compares ShinySurv and
the mentioned software according to their different features. ShinySurv
has the feature of being free of R packages and Shiny web applications. It
is easy for users to access and requires no coding. As can be seen in Table
3, alternative software that addresses left censorship types are scarce.
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Table 3
Comparison of ShinySurv with available programs
Application/ . . -
Ezckage,’ Payment Coding Right censor | Left censor | Double-censor | Interval censor Adjustable Parametric Non-
required required graph parametric

software
ShinySurv No No Yes Yes Yes Yes Yes Yes Yes
SAS Yes Yes Yes No No Yes Yes Yes Yes
STATA Yes Yes Yes Yes No Yes Yes Yes Yes
SPSS Yes No Yes No No No Yes Yes Yes
Minitab Yes No Yes Yes No Yes No Yes Yes
survival No Yes Yes Yes” No Yes" No Yes Yes
KMsury No Yes Yes No No No No No Yes
npsurv No Yes No No No Yes' No No Yes
NADA No Yes No Yes" No No No No Yes
dblcens No Yes Yes* Yes” Yes™ No No No Yes
icenreg No Yes No No No Yes No Yes Yes
MEPHAS No No Yes" No No No No No Yes
MSM.app No No Yes" No No No No No Yes
SMART No No Yes” No No No No No Yes
Survival Genie No No Yes" No No No No No Yes

‘only non-parametric

Other than ShinySurv, only dblcens can handle double censorship.
ShinySurv can handle all types of censorship both parametrically and
non-parametrically. Besides, ShinySurv can report analysis results in
“docx” format.

5. Conclusion and Future Works

Different types of censorship are applied in survival analysis. These
censorship types vary according to the structure of the data, and the
resulting survival times are also affected. ShinySurv, the web-based
application we have developed, allows the analysis of more censorship
types compared to other programs. In addition, the analysis of parametric
and non-parametric methods applied in survival analysis and the
interpretation of their outputs have been facilitated. Analysis outputs can
be easily obtained with the report file created by ShinySurv. ShinySurv
complements and combines the shortcomings of other programs in
generating survival curves.

ShinySurv does not yet include regression models. In future studies,
the methods of survival analysis such as cox regression, accelerated failure
times, and proportional hazards are open to be added. In addition, we are
planning to add truncation data types to ShinySurv.
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