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Abstract: 
Survival analysis is a branch of statistics, which is focused on the analysis of time-to-

event data. A primary focus of Survival analysis in medicine is modeling time to 

surviving a particular disease. In this paper, survival analysis was carried out on 

Chronic Granulomatous Disease (CGD) data modeling time to surviving the disease. 

The Kaplan-Meier approach was used to describe the survival functions of (CGD) 

patients and Log-rank tests were used to compare the survival curves among groups. 

Different kinds of models such as Cox Proportional Hazard Model and Accelerated 

Failure Time (AFT) models like the Weibull AFT model to be used for modeling the 

time to surviving from (CGD). Models selection criteria were used as a guide to un-

ravel the best model for modeling (CGD). 

 

Keywords: Kaplan-Meier approach, Cox Proportional Hazard Model, Accelerated 

Failure Time (AFT) model, Weibull Model. 

Introduction 

Chronic Granulomatous Disease (CGD) is an inherited primary immunodeficiency 

disease (PIDD) that increases the body’s susceptibility to infections caused by certain 

bacteria and fungi. Granulomas are masses of immune cells that form at sites of in-

fection or inflammation. People with CGD are unable to fight off common germs and 

get very sick from infections that would be mild in healthy people. This is because 

the presence of CGD makes it difficult for cells called neutrophils to produce hydro-

gen peroxide. The immune system requires hydrogen peroxide to fight specific kinds 

of bacteria and fungi. 

These severe infections can include skin or bone infections and abscesses in internal 

organs (such as the lungs, liver, or brain). Aside from the defective neutrophil func-

tion in CGD, the rest of the immune system is normal. People with CGD can be gen-

erally healthy until they become infected with one of these germs. The severity of 

this infection can lead to prolonged hospitalizations for treatment. 

Children with CGD are often healthy at birth but develop severe infections in infancy 

or early childhood. The most common form of CGD is genetically inherited in an X-

linked manner, meaning it only affects boys. There are also autosomal recessive 

forms of CGD that affect both sexes. Therapeutic options for CGD include prophy-

lactic antibiotics and antifungal medications, interferon-gamma injections, and ag-

gressive management of acute infections. Bone marrow transplantation can cure 

CGD, however, this therapy is complex and transplant candidates and donors must be 

carefully selected, weighing the risks and benefits carefully. Researchers are investi-

gating other approaches including gene therapy as a future option. (American Acad-

emy of Allergy, Asthma & Immunology).Treatment of patients with CGD with intra-

cellular active antibiotics and additional interferon-gamma as infection prophylaxis 

does it safely and justified[1].  
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Material and Methods 

In this project, we use real data for 203 eligible patients with CGD that were accrued 

by the International CGD cooperative Study Group (1991) [2], and we will use three 

important variables that we think will impact our results. The first variable is Treat-

ment and it has two kinds of treatments, and we give code 1 for the Gamma Interfer-

on, and 2 for placebo and we use this variable to see the interferon-gamma as treat-

ment. The second variable is Age and as we can see from this variable, we have more 

than half of the patients are children. The last important variable is Gender and we 

choose this to observe which gender impacts the Gamma Interferon. 

The CGD study, which is described in a report by the International CGD Cooperative 

Study Group (1991), was designed to have a single interim analysis when the follow-

up data as of July 15, 1989, were complete. The monitoring committee for the trial 

terminated the trial at a meeting on September 22, 1989, based on the interim analy-

sis. The treatment given to each patient was unblinded at the first scheduled visit for 

that patient following the decision of the monitoring committee. 

We will use a modified version of the CGD data set (cgdModProject2013.csv) and 

will only consider the time to the initial infection from study entry until the first 

scheduled visit of the patient after the decision of the monitoring committee (T1). 

These infections are those observed through the interim analysis date of record 

(7/15/89) as well as the additional data on the occurrence of serious infections be-

tween the interim analysis cutoff and the final blinded study visit for each patient. 

 

Statistical methods section 

1. Accelerated Failure Time (AFT) Models: 

AFT models are describe stretching out or contraction of survival time as a function 

of predictor variables. 

 

One of the common models is Weibull Model [3]: 

                for  0 < t < ∞ ,         

The parameterize   with:  

 

              
 

Then the hazard ratio (TRT = 1 vs. TRT = 0) is 

 

   
             

           =      . 

 

which indicates that the PH assumption is satisfied. 

 

2. Kaplan-Meier Survival Model: 

The Kaplan-Meier curve illustrates the survival function. It’s a step function illustrat-

ing the cumulative survival probability over time. The curve is horizontal over peri-

ods where no event occurs, then drops vertically corresponding to a change in the 

survival function at each time an event occurs. 
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also known as the product limit estimator, is a non-parametric statistic used to esti-

mate the survival function from lifetime data. In medical research, it is often used to 

measure the fraction of patients living for a certain amount of time after treatment. 

The estimator is given by: 

 

 ̂    ∏  
     

  

 
        [4] 

 

 

 

One of the most common estimators and known as Greenwood's formula is estimated 

variance of the estimate: 

 

    ̂ ̂      ̂           
  

         
  [5] 

 

where    is the number of failures (deaths) and     represent the number of people 

who survive to     , (this is the number in the risk set at       , for        . 

 

3. Cox proportional hazards (PH) Model: 

A popular model used in survival analysis that can be used to assess the importance 

of various covariates in the survival times of individuals or objects through the haz-

ard function. In addition, the quantitative impact of these variables on important life-

time variables of interest (such as median survival) can be described and it follows 

up: 

 

                               
 

       {     }
     

 
 

   
  (         )

        
                      

Where X is observe covariates.  

This model shows that the hazard ratio is       , and remains constant over 

time t (hence the name proportional hazards regression). The   values are the regres-

sion coefficients that are estimated from the model, and represent the log (Hazard 

Ratio) for each unit increase in the corresponding predictor variable. The interpreta-

tion of the hazards ratio depends on the measurement scale of the predictor variable, 

but in simple terms, a positive coefficient indicates worse survival and a negative 

coefficient indicates better survival for the variable in question. 

 

The exact method, assumes the tied results are stemming from imprecise 

time measurements and calculates the likelihood using all of the possible orderings of 

the tied data. The exact method will give the “best” estimates for the effects of the 

covariates, but the computational time can be long. For relatively small datasets, 

however, this increase in computing time is relatively trivial. 
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        ∏   

∏         

      

 

 

Assessing the Fit of the Cox Model: 

Martingale residuals are defined for the      individual as: 

 

        ̂     

 

When the residual    can be viewed as the difference between the observed number 

of deaths (1 or 2) for subject   between 

time 0 and   , and the expected numbers 

based on the fitted model [6]. 

 

RESULTS AND DISCUSSION 

 

1. AFT Models: 

We fitted AFT for all three variables to see the hazard ratio HR and compared with 

HR in Kaplan-Meier Survival Model.Also we find HR’s for (Treatment=1.05, Age= 

1.01, and Gender=1.15). Since all of hazard ratios greater than 1 that means the ex-

posure harmful to survival. 

 

 

 

 

 

 

 

$coef 

                     Estimate           SE 

lambda        3.897e-15      8.938e-15 

gamma        5.711e+00     3.873e-01 

Treatment   4.947e-02      1.779e-01 

 

$HR 

                      HR       LB        UB 

Treatment    1.050  0.7413   1.489 

$coef 

                    Estimate         SE 

lambda      4.071e-15    9.176e-15 

gamma      5.700e+00   3.860e-01 

Age           6.419e-03    9.6266e-03 

 

$HR 

            HR          LB            UB 

Age   1.006       0.987        1.025 

$coef 

               Estimate           SE 

lambda  3.828e-15     8.647e-15 

gamma  5.697e+00    3.857e-01 

Gender  1.440e-01     2.267e-01 

  

$HR 

                HR        LB       UB 

Gender 1.1549   0.7406   1.801 
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2. Kaplan-Meier Survival Model: 

From both tables on below, we can see the survival function and stander error for the 

treatments. 

 

 

 

 

From figure(1), we can see the survival curve for both treatments is difficult and in 

figure(2), this is the hazard ratio for treatments by Nelson-Aalen estimation. 

 

Fig(1) survival curve for treatments 
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Fig(2) hazard ratio for treatments by Nelson-Aalen estimation 

 

 

Based on Log-Rank test, the p-value= 0.62 that is mean                      . 

Hence, we can say that there is no significant difference between the two groups re-

garding the survival. 

 

3. Cox proportional hazards (PH) Model: 

Main effects: 

After we fitted all variables by exact method, we find the hazard ratio for treatments 

is 1.09, Age is 1.01, and Gender is 1.16. From this outputs, we can see that the haz-

ard ratio for a one-unit increase in Treatment is 1.09, with 95% confidence interval 

(0.77,0.1.57), and that the hazard ratio for a one-unit increase in Age is 1.01, with 

95% confidence interval (0.99,1.03). Given a hazard ratio of 1.16 from the fitted 

model, the Cox proportional hazard model states that with each unit increase in Gen-

der, the hazard (h) will decrease from h to 1. 16h.The covariate z is a continuous var-

iable. 
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Fig(3) survival curve for treatments by Cox proportional hazard model 

 

Interaction effects: 

We fitted the interaction between the Treatment and the Gender and we found there 

is significant level between them. On the other hand, we found no significant level 

between the treatment and the age.  

 

Stratifications: 

We fitted the stratification model for (Treatment Age) and (Treatment Gender), and 

we used the cox.zph command to compare them with the models without the stratifi-

cation. Hence, the p-value for (Treatment Age) and (Treatment Gender) are not sig-

nificant too but its kind better than in the first model without the stratification.  

 

Assessing the Fit of the Cox Model “Martingale Residual”: 

For diagnostic model we use Martingale Residual and we make compare between the 

model with quadratic term of Age and other model without the transformation for 

“Age”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(4) Without transformations 
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Fig(5) With transformations 

 

Conclusion 

In conclusion, we fitted some of the models “parametric and non-parametric”, and 

we can see clearly from the results there are slight differences between the hazard 

ratios for Weibull AFT Models and Cox Models, then we say that data may be fit-

with Weibull distribution. After that, we did Kaplan-Meier Survival Model and we 

found the survival curve for both treatments is not smoother. Also for the Gender 

variable, we found the hazard ratio going from a male (baseline) to female results in 

approximately ~70% reduction in hazard. You could also flip the sign on the coef 

column, and take exp(0.153), which you can interpret as being male resulting in a 

1.17 increase in hazard, or that males die ad approximately 1.17x the rate per unit 

time as females (females die at 1.16x the rate per unit time as males). 

In addition, based on the output from the interaction between (treatment *age), we 

conclude there is a strong association with longer survival times. 
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في  مير وومارج الخطر التىاسبي -مقاروة بيه ومورج وقت الفشل المعجل، وومورج بقاء كابلان 

 تحليل بقاء مرض الغذد التىاسلية المزمه
 1أبوعلينصطفى ه

 جاهعة هصراتة ,كلية العلوم ,الإحصاءقسن 1
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 :خلاصتال

to-time-. وححلٍل البقاء هو فشع هي فشوع علن الإحصاء، والزي ٌشكض على ححلٍل البٍاًاث حذعى

event  فً  .الخشكٍض الشئٍسً لخحلٍل البقاء على قٍذ الحٍاة فً الطب هو ًوزجت الوقج للٌجاة هي هشض هعٍي

الخً ححذد ( CGD)ححلٍل للبقاء على قٍذ الحٍاة بشأى بٍاًاث هشض الغذد الخٌاسلٍت الوضهي هزٍ الوسقت، حن إجشاء 

 .الوقج اللاصم للٌجاة هي الوشض

واسخخذهج ( CGD)هٍٍش لوصف وظائف البقاء على قٍذ الحٍاة لوشضى -وقذ حن اسخخذم ًوورج كابلاى

ً هخخلفت هي الٌوارج  .ٍي الوجووعاثلوقاسًت هٌحٌٍاث البقاء على قٍذ الحٍاة ب Log-rankاخخباساث  إى أًواعا

سوف حسخخذم لٌوزجت  Weibull AFTهثل ًوورج الخطش الخٌاسبً وًوارج صهي الفشل الوعجل هثل ًوورج 

ولقذ اسخخذهج هعاٌٍش اخخٍاس الٌوارج كذلٍل لكشف (CGD)الوقج اللاصم للبقاء على قٍذ الحٍاة هي هشضى 

 .أفضل ًوورج للٌوزجت


