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Abstract: This paper focus on a new two parametric survival model for modelling the population of interest consists of long
term survivors. This proposed model is said to be Zeghdoudi Cure Rate model. Various statistical properties like moments
and maximum likelihood estimation is established. Finally, a model application to real data is shown, and the fit of many
other well-known two-parameter distributions is compared.
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l. INTRODUCTION

A specialised area of mathematical statistics known as survival analysis, or failure time analysis, was established to investigate a
specific type of random variable with positive values and censored observations, of which failure time or survival time events are the
most frequent. Even though failure or survival are often not correlated to the events, "time to event" could be a better term. In
analysing the data, survival analysis is carried out to take into consideration how often time will elapse before the event. The response
is generally referred to as the event time, failure time, or survival time.

Survival analysis is a collection of statistical procedures for data analysis for which the outcome variable of interest is time
until an event occurs. The time variable is usually referred to as survival time, because it gives the time that an individual has
“survived” over some follow-up period.

Othus et al. (2012) discussed and revealed that cure models can be a useful tool to analyse and describe cancer survival data.
Yin et al. (2014) compared Poisson cure models with Compound Poisson Cure models and revealed that Compound Poisson Cure
model gives the better fit. Yin et al. (2009) proposed a cure rate models for modelling the right censored failure time data. Kim et al.
(2007) dealt with the cure rate model with interval censored data where the diseases that often progress without symptoms. Guha et
al. (2007) introduced a new mixture cure rate model from the perspective of competing risk and model the dependence between
censoring and survival time by using the class of Archimedean coupla models. Tsodikov et al. (2015) appealing that bounded
cumulative hazard model in cure estimation is better than the two component mixture models. Rodrigues et al. (2009) presented a
new flexible cure rate model assuming that the causes of time to event follows Conway — Maxwell Poisson distribution. Chin — Shang
Li et al. (2001) investigated the identifiability two forms of cure model namely standard curve model and Non — Mixture PH model.
Peng and Dear (2000) discussed a non — parametric mixture model using the breast cancer data. Messaadia et al. (2018) proposed a
new one parameter Zeghdoudi distribution with properties to model real life data. Molay Kumar Ruidas (2020) introduced a new two
parameter Transmuted Zeghdoudi distribution which is an extension of one parameter Zeghdoudi distribution. Chouia et al. (2021)
proposed a new one parameter size biased Zeghdoudi distribution to model count data which structurally excludes zero counts.
Hamida et al. (2021) proposed a new model, the upper truncated Zeghdoudi distribution. Hussain et al. (2022) have deliberate a new
version of one parameter Zeghdoudi distribution known as Weighted two parameters Zeghdoudi distribution. This new distribution
is generated using weighting technique. Ahajeeth et al. (2022) presented a new two parameter survival model named Garima cure
rate model for modelling lifetime data. Ahajeeth et al. (2022) developed a new two parameter survival model named Generalized
Aradhana cure rate model for the population of interest that consists long term survivors or immunes.

Cure rate model have been widely used to analyse survival time of cancer patients. Many patients with cancer can be long
term survivors of their disease. No patients can be “Cured” of death, so in these situations cure models can be used to model long —
term survivors rather than cured patients. Cure models can be useful alternative to the Standard Cox proportional hazard models for
data with survival trends. The Survival function for entire population of study is expressed as

@)
where, is the mixing parameters.
- cured patients, - uncured patients, - survival function for uncured groups.
11. Zeghdoudi Distribution
Zeghdoudi Distribution was developed by Hamouda Messaadia and Halim Zeghdoudi (2018), is a one — parametric

lifetime model for modelling lifetime data. Zeghdoudi Distribution is based on mixtures of the ordinary exponential (19) and
Gamma (3, 8) distribution.

The probability density function (pdf) of Zeghdoudi Distribution is given by

°x(L+ x)e
f(t,0)= (L+x)
2+6
The cumulative distribution function (cdf) of Zeghdoudi Distribution is given by
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F(t.6)=1- X20% + 00 +2)x + 6 +2 o0 @
g+2
The survival function of the Zeghdoudi Distribution is given by
22
5. (t.0) = X20% + 00+ 2)x + 0 +2 - @
6+2

The hazard function of the Zeghdoudi distribution is specified by
°x(x +1)
h,(t,0)= (5)
. (.9) (x%ﬁ—+d@+2)+6+2

111. Zeghdoudi Cure Rate Model
Using the standard cure rate mixture model and substituting equation (4) in equation (1) we obtain zeghdoudi Cure Rate Model and

is given by
X0 + 00 +2)x+6+2)
S(t)= 1- X 6
R ©
The cumulative distribution of cure rate model is defined by
F(t)=Q-7)F,(t) ™

Using equation (3) in equation (7) we will obtain cumulative distribution function (cdf) of Zeghdoudi Cure Rate Model as
6°*x(x+1
F)=-7) (x26’2+x(9(+ 2)18+2] ©
The probability density function (pdf) of Cure Rate Model is given by
fO)=0-7)1,) ©
where, fu (t) is the pdf of uncured individuals.
Using equation (2) in equation (9) we will get the probability density function (pdf) of Zeghdoudi Cure Rate Model as,

£(t)=(1-7) (M} (10)

2+40
The hazard function Zeghdoudi Cure Rate Model is given by
h(t)=(-7)h,(t) (1)
By inserting equation (5) in equation (11), the equation (11) takes the form as
0°x (x+1)
hit)= 11—~ 12
®)=( )£x202+x(¢9+2)+6’+2J (2

Figures 1 and 2 shows the probability density function and cumulative distribution function of the Zeghdoudi cure rate model. The
pdf of said model showing decreasing trend for different combination of parameters.
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Fig.1:Pdf plot of Zeghdoudi cure rate model
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Fig.2 cdf plot of Zeghdoudi cure rate model
Figures 3 and 4 depict the survival plot and hazard function of the Zeghdoudi cure rate model. The hazard rate is increasing and
then showing constant trend for different combination of parameters.

B— 6=26pie=05
= B— 6=25pie=05
— m— 6-=24p X

B— 6=23p

— 86=22p
o |
(=]

w |
‘>_<‘ (=]
ey
= _|
[a=)
™~
o
= _|
o
T T T T T T
0] 2 4 [ 8 10
X
Fig.3 survival function of Zeghdoudi cure rate model
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Fig.4:Hazard function of Zeghdoudi cure rate model

IV. Statistical Properties
Some properties of the proposed model has been discussed in this section.
1V.I Moments
Let T be the random variable following the Zeghdoudi distribution then the »t* moment can be obtained as

E(Tr)thrf(t)dt

_Ttr Ot@+t)e ™
0+2

dt

0
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V. Parameter Estimation for Censored Data
In this section, we will estimate the parameters of the proposed model by using maximum likelihood technique.
V.i Maximum Likelihood Estimation

Let tl,tz---,tn be the random sample of size n drawn from population with probability density function f (¢, 8, ). Then the
likelihood function of n observations is given by

L= H (t))
—H (@-=)f, @) (z+@-7)S, (1))

where, §; is censoring |nd|catorvar|able, 6; = 1, for observed lifetime and §; = 0 for censored lifetime.
(1-7)o% 1+t )"

o H{ 0+2 }(ﬂ [”+(1—”)[ti292 +0(0+2)t, +(0+2)e ™" ]]La
The log - likelihood function of Zeghdoudi Cure rate model is defined as

log L =§1: Iog{(l_ ”)‘92{}; t)e” r 4 Z:l:log [r+ (-2 )t20° + 0(0 + 2), + (0+ ) ]Mi

log L :Zn:5i log(L—7)+log 6%, +log(L+t,)— Ot —log(6+2)]+
i=1
(14

Zn:(l— 5, log 7 + log(1— z)+ log(t,0? )]+ loglt, (6(6 + 2))+ log(6 + 2) - 61, ]
i=1
Differentiating with respect to 77 and & and setting equal to zero.

oo ) el b

i=1 i=1

alog L :(1_”}2@ +_Z(1—5i)—(1_ij2(1_5i)

or T

olgt [1 ”)(25 > a-6)+ =3 a-5) (15)

or T

dlogL <& _[3 1 n 2 1 1 1
=352t - 1-5, I
00 ;'[9 o+ 2} ;( ){9 0+2 0 0+2}

8I0gL_Z”: [ 0+20(z(+92+)2)ti—9}2(1_@)[%%_“}
25{29 9(9+2)t+6}+Z“:(1_§i){59+6—9(0+2)ti}

ologL =

— 0(0+2) “ 0(6+2)
alggL (29 ZEZSHGJZ:‘(S {5@ 9((2:2))“6};(1_@) )

The solution of equations (15) and (16) gives the MLE of the parameters for the Zeghdoudi cure rate model. However, the
equations are complex so it cannot be solved analytically, thus we solved numerically using R programming with some data set.

V1. Data Analysis
This model incorporated real-life data, including individuals with a lung cancer, to compare the performance of existing models to

a newly established model.
Data set
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The data set consists of survival times (in months) of 64 patients suffering from lung cancer reported by Pena (2002). The data set
are given below:

0.99,1.28, 1.77, 1.97, 2.17, 2.63, 2.66, 2.76, 2.79, 2.86, 2.99, 3.06, 3.15, 3.45, 3.71, 3.75, 3.81, 4.11, 4.27, 4.34, 4.40, 4.63, 4.73,
4.93,4.93,5.03,5.16,5.17, 5.49, 5.68, 5.72, 5.85, 5.98, 8.15, 8.62, 8.48, 8.61, 9.46, 9.53, 10.05, 10.15, 10.94, 10.94, 11.24, 11.63,
12.26, 12.65, 12.78, 13.18, 13.47, 13.96, 14.88, 15.05, 15.31, 16.13, 16.46, 17.45, 17.61, 18.20, 18.37, 19.60, 20.70, 22.54, 23.36.
To evaluate the performance of the models using the goodness of fit criterion in order to compare them. The formulas are listed
below.

(P+1)
AIC =2P —2log L, BIC=Plogn—-2logL, AICC = AIC + 2"

In Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and Corrected Akaike Information
Criterion (AlICc), a term that measures how well the model fits the data is combined with a term that penalises the model
proportional to the number of parameters.

Table.1: Survival Times (in months) of 64 Lung Cancer Patients

Model Parameter SEE -2log L AlC BIC AICC
Zeghdoudi Cure 0= 0.38491 6=0.04570 389.084 391.084 393.4017 391.2807
Rate Model = 0.21054 = 0.34711
Exponential 6= 0.82641 6=0.07863 392.0752 394.0752 396.234 394.1719
Cure Rate 1= 0.53761 7= 0.03879
Model
Lindley Cure 6=0.11481 6=0.01435 405.0524 407.0524 409.2113 407.1491
Rate Model 7= 0.06343 7= 0.01360

As shown by the results in the above table, the Zeghdoudi cure rate rate model has a better fit in terms of the AIC, BIC, and AICC
because it contains the lowest value for the data set that has been selected for comparison between the existing cure rate model
and the new model.

7. Conclusion

In this present study, a new two parameter survival model has been introduced and the model is known as Zeghdoudi
cure rate model. The Zeghdoudi cure rate model is a mixture model having two parameters obtained from the standard cure rate
model provided by Boag (1949). The model's properties have been established. The parameters of the proposed model are
generated using the maximum likelihood technique. Utilizing real life data, the model's accuracy is evaluated. The study's
findings indicate that the Zeghdoudi cure rate approach represents a superior fit for the data under consideration.
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