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Abstract

Objectives: The current article aims to derive the joint mean-variance fitted models for the overall survival time
from stage III non-small cell lung cancer patients. In addition, it aims to identify the determinants of the overall
survival time, based on 239 subjects with 23 factors / variables.

Background: Overall survival time is positive, heterogeneous, and non-normal which is generally modeled either
by the Log-normal or the gamma models. Little is known about the joint mean-variance models for overall survival
time from stage III non-small cell lung cancer patients.

Materials and Methods: The present article is based on the secondary data on 239 stage III non-small cell lung
cancer patients along with 23 explanatory factors/ variables. The overall survival time of 239 patients is
heterogeneous, positive, and gamma distributed. Therefore, statistical joint generalized linear gamma or Log-normal
models are considered to analyze the overall survival time.

Results: The overall survival time (OST) of stage III non-small cell lung cancer (NSCLC) patients is higher for the
never/ex-smokers (P =0.049) than for the current smokers. The OST is higher for the stage III NSCLC patients
having large cell carcinoma or other (P =0.110) than the patients having adenocarcinoma or squamous cell
carcinoma. It decreases (P=0.026) as the number of positive lymph node stations increases. It is higher (P=0.072) of
the lung cancer patients having N-stage at level N3 or Nx than the others. It is also higher of the lung cancer
patients belonging into standard concomitant (P=0.050), or standard sequential (P=0.026), or sequentialselected
(P=0.003) group than the no chemo group. The OST is higher (P<0.01) of those lung cancer patients whose start of
the study year are earlier. It increases (P = 0.001) as the equivalent dose increases. It decreases (P<0.01) as the
overall treatment time increases. There are many more significant determinants of the variance of OST.

Conclusions: The overall survival time from stage III non-small cell lung cancer patients is identified as
heterogeneous and gamma distributed. Most of the present findings, specially the variance determinants of overall
survival time are completely new in the literature.

Keywords: Chemotherapy; Gamma model; Overall survival time;
Stage III non-small cell lung cancer; Non-constant variance

Introduction
When the lung cells grow out of control, and become abnormal,

lung cancer begins to start. Then more cancer cells grow, which form
into a tumor, and they spread to the different parts of the body. Lung
cancer is mainly two types. One is non-small cell lung cancer
(NSCLC), and the other is small cell lung cancer (SCLC). There are
many subtypes of NSCLC, which grow from different types of lung
cells. These subtypes are grouped together as NSCLC, because their
outlook and the treatment process are often similar. Approximately,
85% to 90% of lung cancers are NSCLC, andthe remaining 10% to 15%
are SCLC. The treatment processes of these two types of lung cancer
are different. In 2016, the approximate incidences (new cases) of lung
cancer in the United States are about 224,390 (117,920 in men and

106,470 in women), and the approximate number of deaths from lung
cancer are 158,080 (85,920 in men and 72,160 in women) [1].

The lung cancer death is the first position of cancer death for both
male and female [2] in the United States. In Europe also, the lung
cancer death holds the first position of cancer death for male, and it is
third for female [3]. In Europe, the number of new incidences of lung
cancer is more than 400,000 in 2012. Out of these new lung cancer
incidences, approximately 30% of patients are diagnosed with NSCLC
of stage III disease. The leading cause of cancer death for both men and
women (one out of four cancer deaths) is the lung cancer. Every year,
more people die from lung cancer than from prostate, breast, and
colon cancer combined. Note that, lung cancer occurs in older people
around age 65 years [1-3].

The lung cancer patients are mostly heterogeneous. The patients
heterogeneity makes the treatment difficulty to choose the better
treatment for an individual patient [4]. Heterogeneity is more clear
from the description of tumors, and patients based on genomics,
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imaging modalities, and proteomics examinations. Consequently, the
different treatment options such as individualized chemotherapy, new
radiation therapy schemes and techniques, proton therapy, targeted
agents, surgery, or a combination of these options are being used as the
medical treatment process for lung cancer patients [5-6]. In practice, a
decision support system (DSS) could offer assistance for making
treatment decision which is currently lacking. The DSS includes
different models to interpret many related outcomes for different
approaches [7-8]. A building block for the DSS is a model containing
the basic significant clinical variables that predicts the individual
survival outcome. The model allows to identify the risk factors and
dose levels for different treatments. The model gives sufficient
information about the survival time to the doctors and the patients
based on individual patient clinical information [9-12]. Last three
decades, several studies have examined the prognostic risk or
predictive factors for the lung cancer survival time [8,13-15].

Generally, the Kaplan-Meier method (a non-parametric approach)
is used for analysis of univariate survival time. Cox regression is used
for multivariate prediction model. Note that the Cox proportional
hazard models are based on constant variance assumption. Some
authors modeled continuous variables nonlinearly by using restricted
cubic splines [11,12]. Some authors used simpler transformation
instead of nonlinear terms. Factors are not properly modeled in any
case of Cox regression or nonlinear models. It is noted that the overall
survival times are heterogeneous, positive, and non-normally
distributed. So, it is modeled either by the Log-normal or the gamma
joint generalized model. To the best of our knowledge, any article has
not considered the analysis of overall survival time [16] using the joint
mean-variance models. These issues have motivated us to undertake
the present study.

The present article aims to identify the determinants of the overall
survival time of 239 lung cancer patients with 23 covariates (all are
non-missing information). The current article has the following
hypotheses or queries: What are the determinants of the overall

survival time of the 239 lung cancer patients? What are the effects of
the determinants on the overall survival time? These hypotheses are
examined in the current report based on the data set of 239 lung
cancer subjects along with 23 factors/variables [16].

Materials and statistical methodology

Materials
The present article has considered 239 lung cancer patients with 23

factors or variables. The current secondary data set has been taken
from the report [16]. The data set can be downloaded at https://
www.cancerdata.org/10.1016/j.ijrobp.2015.02.048 The description of
the covariates, factors and their levels are described in Table 1. The
summarized statistics such as the mean, standard deviation, and
proportion of the levels are given in Table 1. A detailed discussion
about the patients population and data collection methods are given in
[16]. In the report [16], there are 548 patients with many missing
information on the 23 factors /variable. We have considered only 239
patients (from 548 patients) with all non-missing information on the
23 factors/ variables. The description of the patient population and the
data collection method is not reproduced herein as the length of the
paper will be increased.

The current data contains 11 continuous variables and 12 attribute
characters. The description of each variable or attribute character,
attribute levels, and how they are operationalized in the present report
is displayed in Table 1. Here we have considered the overall survival
time as the dependent variable, and the remaining others are treated as
the independent or explanatory variables. The overall survival times
are determined as the duration between the start of radiation therapy
and the date of death. The censored survival times are determined as
the right-censored if the patients are alive at the end point of recorded
time. The right-censored survival times are converted into estimated
overall survival times based on model fitting.

Variable name Operationalization
Mean (standard
deviation)/
Proportion

Gender Gender: (Male = 1 ; Female = 2) 1%=73.1; 2%=26.9

Age Age at study 65.56 (9.40)

WHO-PS (who3g) World helth organization performance status or measure (WHO-PS) levels are 1,2,3. 1%=42.43; 2%=45.80;
3%=11.77

Bmi bmipatient pre RT: Body mass index of patient at pre radiation therapy 25.09 (4.14)

fev1pc Forced expiratory volume in 1 second. percentage of predicted pre RT 77.20 (21.10)

Smok2 Never/ex smoker=1; Current smoker=2. 1%=64.28; 2%=35.72

T_ct_loc

CT-scan: Locations of tumor, 19 locations are: right lowerlobe (1); right middlelobe (2); right hilus (3); right
upperlobe (4); leftlowerlobe (5); leftupperlobe (6); lefthilus (7); mediastinum (8); notapplicable (9); lingula (10);
upperlobe, unspecified (11); lowerlobe, unspecified (12); lung,trachea (13); lung, trachea left (14); lung,trachea,
right (15); LUL+LLL (16); right bronchus (17); left bronchus (18); multiple lobes (19)

4.22 (1.13) Attribute
character, but treated
as discrete variable

Histology (hist4g) Histology: (Adenocarcinoma = 1 ; Squamous Cell Carcinoma = 2, Large cell carcinoma = 3, other = 4) 1%=32.35; 2%=15.96;
3%=39.07; 4%=12.62

PLNS (countpet_all6g Probably this is PLNS variable that means number of positive lymph node stations 3.13 (1.21)

countpet_mediast6g None 2.77 (1.03)
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T-stage T-stage (combined 6th or 7th edition): (T0-1= 1; T2 = 2; T3 = 3; T4 or Tx = 4) 1%=13.02; 2%=36.13;
3%=9.66; 4%=41.19

N-stage N-stage (combined 6th or 7th edition): (N0 = 1; N1 = 2; N2 = 3; N3 or Nx = 4) 1%=17.22; 2%=2.10;
3%=49.15; 4%= 31.53

S-stage Clinical overall stage : Levels : (IIIA = 1; IIIB = 2) 1%=31.93; 2%= 68.07

Timing Chemotherapy : Level : (No chemo = 1; Sequential = 2 , Concurrent =3). 1%=32.35; 2%=;15.96
3%= 39.07

Group Group: (no chemo = 1; sequentialselected =2; standard sequential =3; standard concomitant = 4) 1%=10.50; 2%=6.72;
3%=47.90; 4%=34.88

Year rt Start of study 2006 (2.32)

equivalent-dose (Eqd) Equivalent radiation dose (corrected for fraction size) at 2 Gray (Gray (Gy) is the SI unit of absorbed dose. One
gray is equal to an absorbed dose of 1 Joule/ kilogram (100 rads).) 59.69 (7.22)

treatment time (Ott) Overall treatment time 30.10 (8.50)

gtv1 Gross tumor volume 89.24 (97.83)

Tumorload_total None 123.45 (105.52)

Survmonth Survival time in months 26.77 (23.36)

Survyear Survival time in years 2.23 (1.95)

Deadstat Dead/alive: (alive = 1; dead = 2) 1%=84.45; 2%=15.55

Table 1: Operationalization of variables in the analysis & summarized statistics.

Statistical methods: The classical linear regression models assume
that the response (Y) variance is constant over the entire range of
parameter values. However, it is not always true [17]. Generally,
physiological data are heterogeneous. For example, the overall survival
times for the lung cancer patients are heterogeneous [16]. To stabilize
the heterosecedasticity of a data set, the log-transformation is often
recommended, but in practice the variance may not always be
stabilized [17] (Table 2).

For the analysis of positive observations with constant variance or
constant coefficient of variation, the linear regression models with
multiplicative error estimation is performed based on either the
gamma or the Log-normal models [18]. However, for the physiological
data analysis, neither the variance nor the coefficient of variation needs
to be constant, so that these two models do not necessarily give
identical results [19-21]. Note that the generalized linear models class
includes the distributions which are used in modeling some
continuous, non-normal, positive, and heteroscedastic data sets. In the
generalized linear models class, the variance of the response may have
the relationship with its mean. Then the response variance may be
non-constant. In order to analyze the heteroscedastic positive data ’s,
Nelder and Lee [22] have suggested to use the joint generalized linear
models (JGLMs). A detailed discussion of JGLMs is given in [23-25].
For ready reference, a short description of the JGLMs is reproduced
herein. For the positive data Yi ‘s, when

and Var(Yi) = µi2

the log transformation Zi=log(Yi) gives stabilization of variance
Var(Zi)≈. However, if a parsimonious model is essential, an improved
transformation is required. In practice, a simple data transformation
may not meet all the required model assumptions [17]. Under that

situations, Nelder and Lee [22] have advocated to apply the JGLMs for
the mean and variance as follows.

Generally, the log transformation Zi = logYi is used for the positive
response Yi. For the log-normal distribution, a joint modeling of the
mean and variance is such that

E(Zi)= µ zi and Var(Zi) = σzi2,

µ zi=xit β and log (σzi2)= git γ,

where: xit and git are respectively, the row vectors related with the
mean regression coefficients β and the variance regression coefficients
γ.

For the positive responses yi ‘s, if

and ,

Where: ’s are the dispersion parameters and V( ) is the variance
function. The variance consists of two components in GLMs. One part
is which depends on the mean changes, and the other is which is the
independent of mean adjustment. Note that, in GLMs, the variance
function characterizes the family of distribution. For example, the
distribution is Poisson if V() =, gamma if V() = , normal if V()= 1, etc.

The JGLMs for the mean and the variance parameters are

and ,

where and are the GLM link functions for the mean and the
variance, respectively; and , are respectively, the row vectors for the
mean and dispersion regression models with known variables or
factors. The mean model parameters are estimated by the maximum
likelihood (ML) method, and the restricted ML (REML) method is
used for estimating the variance model parameters [19,23].
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The considered response overall survival time is positive,
heteroscedastic and belong to exponential family distribution. So, it
should be modeled either by the gamma or the Log-normal models
[19,23-25]. What are the appropriate models of overall survival time of
lung cancer patients? What are the determinants of overall survival
time? What are effects of the determinants on the overall survival time?
These issues are focused in the following sections.

Overall survival time analysis and interpretations
Analysis
The dependent variable in the present analysis is the survival time

which is a continuous random variable. There are remaining 10
continuous, and 12 attribute explanatory variables. For attribute
characters or factors, it is accepted the constraint that the effects of the
first levels are zero. Therefore, we have taken the first level of each
attribute character or factor as the reference level by estimating its as
zero. Let ai for i = 1,2,3 be the main effect of A. We have taken â1 = 0,
so that â2 = â2 -- â1. For example, the difference between the second
and the first levels in the main effect A, (i.e., â2 -- â1) is the estimate for
the effect A2.

In the present section, we have considered the survival time as the
response or dependent variable, and the remaining others as the
independent (or explanatory) factors or variables. Note that most of
the survival times are overall, and some are the right censored survival
time. The response overall survival time (overall survival time and the
estimated overall survival time of the right-censored survival time) has
been modeled based on both the gamma and the Log-normal models
[19,23]. Based on the smallest Akaike information criterion (AIC)
value in each class, the final fitted models have been selected. Note that
the AIC selects a model which minimizes the predicted additive errors
and squared error loss [26, p. 203--204]. Both the fitted models results
are displayed in Table 2. From Table 2, it is clear that the gamma fitted
models (AIC= 1829.860) give better results than the Log-normal fitted
models (AIC= 1835). Some statistical insignificant independent factors
and variables are included in both the mean and variance fitted models
(Table 2) for better fitting [26]. The included statistical insignificant
factors or variables in the fitted models are known as confounder in
epidemiology. In Figure 1, the JGLMs diagnostic plots have been
examined for the gamma fitted models [Table 2].

Model Gamma model fit Log-normal model fit

Mean

Covariate Estimate Standard error t-value P-value Estimate Standard
error t-value P-value

Constant 285.91 54.851 5.212 <0.01 294.11 55.512 5.298 <0.01

Smok2 -0.1 0.053 -1.976 0.049 -0.11 0.054 -2.073 0.039

Histology2 -0.01 0.084 -0.137 0.891 -0.01 0.085 -0.063 0.95

Histology3 0.09 0.062 1.504 0.134 0.11 0.062 1.698 0.091

Histology4 0.12 0.075 1.605 0.11 0.15 0.078 1.957 0.052

PLNS -0.06 0.026 -2.242 0.026 -0.06 0.027 -2.409 0.017

N-stage2 -0.07 0.159 -0.461 0.645 -0.08 0.128 -0.636 0.525

N-stage3 0.02 0.072 0.311 0.756 -0.01 0.073 -0.071 0.943

N-stage4 0.21 0.116 1.808 0.072 0.22 0.117 1.861 0.064

Group2 0.43 0.218 1.968 0.05 0.46 0.234 1.951 0.052

Group3 0.4 0.178 2.245 0.026 0.37 0.191 1.956 0.052

Group4 0.6 0.2 2.986 0.003 0.62 0.213 2.885 0.004

Yearrt -0.14 0.027 -5.145 <0.01 -0.14 0.028 -5.231 <0.01

Equivalent dose (Eqd) 0.02 0.005 3.219 0.001 0.02 0.005 3.001 0.003

treatment time -0.02 0.006 -4.023 <0.01 -0.02 0.006 -3.788 <0.01

Deadstat -1.19 0.069 -17.247 <0.01 -1.47 0.071 -20.792 <0.01

Variance

Constant -4.92 1.308 -3.76 <0.01 -5.718 1.343 -4.257 <0.01

Age 0.011 0.012 0.847 0.398 0.022 0.013 1.725 0.085

WHO-PS2 0.384 0.233 1.649 0.101 0.472 0.237 1.994 0.047

WHO-PS3 0.103 0.332 0.311 0.756 0.035 0.338 0.103 0.918

Bmi 0.032 0.025 1.287 0.199 0.042 0.026 1.623 0.106
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fev1pc -0.002 0.006 -0.423 0.673 -0.003 0.006 -0.581 0.562

Histology2 0.054 0.336 0.161 0.872 0.183 0.345 0.531 0.596

Histology3 -0.109 0.261 -0.419 0.676 -0.074 0.263 -0.283 0.777

Histology4 -0.411 0.377 -1.091 0.276 -0.331 0.374 -0.885 0.377

T-stage2 -0.377 0.341 -1.107 0.269 -0.403 0.357 -1.128 0.26

T-stage3 -0.293 0.464 -0.63 0.529 -0.547 0.484 -1.129 0.26

T-stage4 -0.533 0.35 -1.522 0.129 -0.564 0.362 -1.558 0.121

N-stage2 0.029 0.852 0.034 0.973 -0.366 0.895 -0.409 0.683

N-stage3 0.511 0.311 1.64 0.102 0.571 0.321 1.778 0.077

N-stage4 0.266 0.399 0.668 0.505 0.319 0.403 0.792 0.429

Deadstat 3.001 0.388 7.731 <0.01 3.004 0.423 7.094 <0.01

 AIC 1829.86 1835

Table 2: Results for mean and variance models of overall survival time from gamma and Log-normal fits.

In Figure 1(a), the absolute gamma fitted residual values are plotted
with respect to fitted values (Table 2). Residuals plot (Figure 1(a)) is
completely a flat diagram, indicating that the variance is constant with
the running means. Figure 1(b) reveals the normal probability plot for
the gamma fitted mean model (Table 2). It does not show any
systematic departure or lack of fit with respect to fitted model, or
response distribution, or variables, or outliers.

Figure 1(a,b): For the fitted gamma models of overall survival time
(Table 2), the (a) absolute residuals plot with respect to fitted values,
and the (b) normal probability plot of the mean model.

Results and interpretations of overall survival time
analysis

Table 2 presents the summarized results of the overall survival time
analysis. The detailed results and interpretations of Table 2 (gamma or
Log-normal fitted models) are described as follows. Here we have
considered the P-values up to approximately 10% level as significant,
and more than 10% to approximately 20% as partially significant.

*The mean overall survival time (OST) is negatively significantly
associated with the smoking status (never/ex smoker=1, current
smoker=2) (P=0.049). This implies that the mean OST increases as the

smoking status decreases. Therefore, the mean OST is higher for the
never/ex-smoker lung cancer patients than the current smokers.

*In the gamma fitted model, the mean OST is positively partially
associated with the histology [adenocarcinoma =1, squamous cell
carcinoma=2, large cell carcinoma=3, other=4] at level 3 (i.e., large cell
carcinoma=3) (P=0.134), and at level 4 (other=4) (P=0.110). But in the
Log-normal fitted model, the mean OST is positively significantly
associated with the histology at level 3 (i.e., large cell carcinoma=3)
(P=0.091), and at level 4 (other=4) (P=0.052). This indicates that the
mean OST is higher of the lung cancer patients having large cell
carcinoma or other than the patients having adenocarcinoma or
squamous cell carcinoma.

*The mean OST is negatively significantly associated with the PLNS
(countpet_all6g) (i.e., PLNS variable that means the number of positive
lymph node stations) (P=0.026), indicating that as the number of
positive lymph node stations increases, the OST decreases. It is
observed in practice.

*The mean OST is positively significantly associated with the N-
stage (N0=1; N1=2; N2=3; N3 or Nx=4) at level 4 (i.e., at N3 or Nx)
(P=0.072), indicating that the OST is higher of the lung cancer patients
having N-stage at level N3 or Nx than the others.

*The mean OST is positively significantly associated with the group
(no chemo=1, sequentialselected=2, standard sequential=3, standard
concomitant=4) at level 2 (i.e., sequentialselected=2) (P=0.050), at level
3 (i.e., standard sequential=3) (P=0.026), and at level 4 (standard
concomitant=4) (P=0.003). This indicates that the OST increases as the
group level increases. Therefore, the mean OST is higher of the lung
cancer patients belonging into standard concomitant, or standard
sequential, or sequentialselected group than the no chemo group.

*The mean OST is negatively significantly associated with the start
of study year (P<0.01). It implies that the OST is higher of those lung
cancer patients whose start of the study year are earlier.
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*The mean OST is positively significantly associated with the
equivalent dose (P=0.001), indicating that the OST increases as the
equivalent dose increases.

*The mean OST is negatively significantly associated with the
overall treatment time (P<0.01), indicating that the OST increases as
the overall treatment time decreases.

*The mean OST is negatively significantly associated with the
deadstat (alive=1, dead=2) (P<0.01), indicating that the OST is higher
of the living lung cancer patients than the dead patients.

*The variance of OST is positively significantly associated with the
age (P=0.086) (in the Log-normal fitted model), indicating that the
OST variance of the lung cancer patients increases as the age increases.
That is the OST variance of the lung cancer patients is highly scattered
at the older ages than the younger ages. Note that it is insignificant in
the gamma fitted model.

*The OST variance is positively significantly associated with the
who3g (World helth organization performance measure levels are
1,2,3) at level 2 (P=0.047) (in the Log-normal fitted model), indicating
that the OST variance of the lung cancer patients is higher who are at
level 2, than the other levels. Note that it is insignificant in the gamma
fitted model.

*The OST variance is positively partially associated with the body
mass index (P=0.106) (in the Log-normal fitted model), indicating that
the OST variance of the lung cancer patients increases as the body
mass index increases. It is partially significant in the gamma fitted
model.

*The OST variance is negatively partially associated with the T-stage
(T0-1=1; T2=2; T3=3; T4 or Tx=4) at level 4 (i.e., at T4 or Tx)
(P=0.121) (in the Log-normal fitted model), indicating that the OST
variance of the lung cancer patients is higher who are at level T4 or Tx,
than the others.

*The OST variance is positively significantly associated with the N-
stage (N0=1; N1=2; N2=3; N3 or Nx=4) at level 3 (i.e., N2) (P=0.077)
(in the Log-normal fitted model), indicating that the OST variance of
the lung cancer patients is higher who are at level N2, than the others.
It is positively partially significant in the gamma fitted model.

*The OST variance is positively significantly associated with the
deadstat (alive=1, dead=2) (P<0.01), indicating that the OST variance
of the lung cancer patients is higher who died than the living patients.

From Table 2, the final selected gamma fitted mean and variance
models of the overall survival time of stage III non-small cell lung
cancer patients (x21), respectively, are

 = exp (285.91-0.10 Smok2 - 0.01 Histology2+0.09
Histology3+0.12 Histology4-0.06 PLNS-0.07 N-stage2+0.02 N-
stage3+0.21 N-stage4+0.43 Group2+0.40 Group3+0.60 Group4–0.14

Yearrt+0.02 Eqd–0.02 Ott–1.19 Deadstat), and =exp
(-4.920+0.011 age+0.384 WHO-PS2 + 0.103 WHO-PS3+0.032
Bmi-0.002 fev1pc+0.054 Histology2–0.109 Histology3–0.411
Histology4–0.377 T-stage2–0.293 T-stage3–0.533 T-stage4+0.029 N-
stage2+0.511 N-stage3+0.266 N-stage4+3.001 Deadstat).

In Table 2, the fitted two models (gamma and Log-normal)
approximately reveal the identical results. We have considered the
significant determinants from both the fitted models. These two fitted
models confirm the current findings.

Conclusions and discussions
The current article has considered the overall survival time (OST) as

the response variable. The estimated overall survival times are obtained
from the right-censored survival time, using the fitted model of only
the overall survival times. Finally, both the overall survival time and
the estimated overall survival time are considered together as the
overall survival time, which has been modeled based on both the Log-
normal and the gamma models. Both the fitted model results are
displayed in Table 2. Note that, both the fitted models reveal exactly or
approximately the same interpretations. The determinants of the
overall survival time have been considered in the present report based
on both the fitted models.

The analysis of the whole part of the present data (548 subjects, with
some missing information) is given in [16]. The present report has
considered 239 subjects (from [16]) with all non-missing information.
The results of the present report are not identical with the earlier
results [16]. For example, the present report has not identified that the
sex is a significant determinant of the OST (Table 2), but it is
significant in [16]. Regarding sex, the present report supports the
results in [27], but it disagrees the results in [16,28,29]. The World
health organization performance status (WHO-PS or Who3g) (at level
2) is identified here (Table 2) only as a significant determinant of the
variance of OST, but it is identified as the significant determinant of
the mean of OST [16,30,31]. Note that these articles [16,30,31] do not
consider the variance modeling. Smoking status, histology, N-stage are
significant determinants of the mean of OST in the present report
(Table 2), but they are not identified in [16]. It is identified herein that
the current smoking status decreases the overall survival time which
supports some earlier findings [32,33].

The number of positive lymph node stations (PLNS) is negatively
significantly associated with the mean of OST, in the present report
(Table 2), but it is positively significantly associated in [16]. Therefore,
the interpretation of PLNS in [16] indicates that the OST increases as
the number of positive lymph node stations increases, which
contradicts the clinician views. But the present report supports the
clinician views. In the earlier articles [34,35], it has been pointed that
PLANS on F-fluorodeoxyglucose positron emission tomography
(FDG-PET) scan is an important risk factor for non-surgically treated
patients.

The present report has identified that the group, start of study, and
dead status as the significant determinants of the mean OST (Table 2),
but these are not reported in [16]. Here the overall treatment time is
negatively significantly associated with the mean OST (Table 2), but it
is positively associated in [16]. The present result disagrees with the
result in [16], but it agrees with the results, which have pointed that
from a radiological point of views, shorter treatment (less than 28
days) can improve the mean OST of NSCLC patients [36,37]. It is also
pointed in the earlier studies that a decrease in tumor control
approximately 1.6% per day after a 6-week duration of radiation
therapy, and approximately 2.0% increase in the risk of death for each
day of prolongation in therapy [38]. Therefore, the present studies
supports most of the earlier results regarding the overall treatment
time.

Equivalent dose is negatively associated with the OST in [16],
indicating that the OST increases as the equivalent dose decreases,
which also contradicts the clinician views [5,6]. But in the present
report, equivalent dose is positively associated with the mean OST,
which supports the clinician views [5,6]. It is reported in the earlier

Citation: Das RB, Mukherjee S (2017) Joint Mean-Variance Overall Survival Time fitted Models from Stage III Non-Small Cell Lung Cancer.
Epidemiology (Sunnyvale) 7: 296. doi:10.4172/2161-1165.1000296

Page 6 of 8

Epidemiology (Sunnyvale), an open access journal
ISSN:2161-1165

Volume 7 • Issue 1 • 1000296



studies that the higher radiation doses lead to improved local control
and higher survival rates [5,6].

It is well-known that the smoking is one of the principal risk factor
of the lung cancer, which is not identified in [16]. The OST variance
determinants such as age, WHO-PS, body mass index, forced
expiratory volume, histology, T-stage, N-stage, dead status (Table 2)
are reported in the present report, but these not reported in any earlier
lung cancer article. To the best of our knowledge, most of the present
findings, specially variance of OST determinants (Table 2) are
completely new in the lung cancer literature.

The current reported results (Table 2), though not completely
conclusive, are revealing.The determinants of the overall survival time
are derived satisfying the following regression analysis criteria. First,
the determinants are selected based on comparison of both the gamma
and the Log-normal fitted model analyses. Second, the final model is
selected based on AIC. Third, final model is justified based on JGLMs
diagnostic plots. Fourth, the standard error of the estimates are very
small, indicating that the estimates are stable [23]. Fifth, the final
model of the OST is selected based on locating the appropriate
statistical distribution. The OST distribution is identified herein as the
gamma distribution.

The present results (Table 2) attempt to remove some conflicts of
earlier research findings, and they also confirm some earlier reported
results [16, 27-38]. These has been shortly described above. It can be
observed on comparison of the present results (Table 2) with the earlier
results [16, 27-38]. An important conclusion has to do with the use of
earlier used statistical models. While further research is called for, we
find that the JGLMs are much more effective than the Cox
proportional regression analysis, because they better fit the data. In
short, research should have greater faith in these results than those
emanating from the earlier models.

To the best of our knowledge, the present models (Results &
interpretation section) can be considered as one of the best first
building block of a DSS. The current models may provide better
assistance for treatment decision making using the individual patient
risk factors and the benefits of a specific treatment. The current results
have focused many interesting conclusions. These findings may help
the medical practitioners for better medical treatment. Equivalent dose
and chemotherapy are highly important for medical treatment of the
lung cancer patients. Smoking should be stopped. Everyone should
care on his/her obesity. For both male and female individual, care
should be taken on lung cancer disease at older ages.
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