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ABSTRACT 

BACKGROUND AND OBJECTIVE: Breast cancer is one of the most common cancers in women. The statistical 

methods in the survival analysis of these patients are accelerated time models and Cox model. The purpose of this study 

is to evaluate two models in determining the effective factors in the survival of breast cancer. 

METHODS: The study was an analytical and cohort study of survival analysis. The 538 of the patients referred to 

Ramezanzade Radiotherapy Center who had breast cancer and recorded survival status as a census from the April 2005 

until March 2012 in Yazd. and survived by phone call. The Kaplan-Meier estimate was used to describe the survival of 

the patients. The research variables included clinical and demographic factors. The choice of final variables in the model 

was done by the methods of diminishing the dimension and all possible Cox regressions by the acaian criterion. Then, 

the best accelerated time model was considered Getting different distributions was also determined by the Akayake 

criteria. 

FINDINGS: The most effective Cox model among all Cox models was variables including Age, Her2 and Ki67 variables 

(AIC=30270). The generalized gamma model was the most optimal accelerated time model (AIC 463.966). Her2 was 

significant in both accelerated and cox models (p<0.05), but the Ki67 variable was not significant. (p>0.05).  

CONCLUSION: In both accelerated time- Generalized Gamma- models and Cox Models, the Her2 variable was 

identified as a risk factor for breast cancer and There is a positive impact on the risk of death and reduced survival.  
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Introduction 

Cancers are chronic diseases that in many societies 

have had a high rate of death in recent decades. Cancer 

treatments in addition to several side effects are 

generally costly and response rate to treatments are not 

usually complete (1). In the meantime, breast cancer is 

the most common cause of death in women aged 44-40 

in many advanced and developing countries, and is also 

the second leading cause of cancer death after lung 

cancer (2). It is estimated that deaths from cancer will 

reach 13.1 million in 2030, with early diagnosis and 

control of risk factors can lead to 40% of decrease in 

deaths from cancer. Breast cancer is the abnormal 

proliferation and malignant in breast tissue cells, which 

is generally divided into in situ carcinoma (non-

invasive) and invasive cancer (3).  

According to the latest statistics, the incidence of 

breast cancer in Iranian women is 27.5 per thousand. 

The 5-year survival rate in these patients ranges from 

48% to 84% in total and overall survival is 72% (4). 

This cancer is a type of hormone-related disease and 

malignant proliferation of epithelial cells that cover the 

ducts or lobules (5). In Iran, 16% of all cancers are 

related to breast cancer, which is ranked first among 

women (6). Therefore, in our country, especially in the 

last few decades, the recognition of the most important 

factors in the prevention of breast cancer as well as the 

treatment of this disease has been seriously addressed 

by medical centers (7).  

In this study, two tumor markers Ki67 and Her2 

were used for a novel treatment method. Generally, 

survival analysis is a set of statistical methods for 

analyzing data whose outcome variable is the time to 

occurrence of a particular event. The time spent in 

survival analysis can be the number of years, months, 

weeks or days from the onset of an individual's follow-

up to the event.  

It can also be considered the age of an individual 

when an event occurs. An incident in survival analysis 

may be death, illness, relapse after recovery, recovery 

(for example, return to work), or any other possible 

experience that may occur to the individual. In survival 

analysis, we usually call the time variable a survival 

time, because this determines the duration of a person's 

"survival" during the follow-up period (8). In most 

medical research that aims to assess the survival 

distribution, methods such as Cox regression are used. 

The unnecessary probability distribution for survival 

times is an important feature of this semi-parametric 

model, but the assumption that the risk fit for all 

predictor variables in the final model is an important and 

fundamental assumption for this model (9). If the 

assumption is made, the interpretation of the obtained 

model will be simpler than the parametric models. So 

far, many studies have been conducted using the Cox 

regression model, but according to a systematic study, 

only 5% of these studies have considered the 

appropriateness of hazards (10). If assumptions are 

made, parametric models have more robust analysis 

than Cox's semi-parametric model. In these models, 

survival times have a certain probable distribution, such 

as Wybol, Exposure, Normal Log and Log Logic (11). 

Having a probability distribution for the survival times 

will make the statistical deduction more precise and 

reduce the standard deviation of the estimates than when 

there are no assumptions (12).  

Many studies on breast cancer have been carried out 

around the world and in Iran, and in most medical 

research centers, more studies are still in the focus of 

attention, which expresses this vital need for public 

health, especially for women (13). In this study, various 

parametric survival distributions including exponential, 

Weibull, logging, normal log, generalized Fisher, and 

generalized gamma and pseudo-parametric Cox  model 

were tested on the data (14) and based on the Akaike 

model, the final model was selected and factors 

influencing breast cancer survival were determined. The 

basic software for survival analysis in this study is R, 

and the flexsurvreg and survival packages were used to 

complete the analysis of the model's relevance (15). The 

aim of this study was to identify the most important 

prognostic factors of breast cancer and their effect on 

the survival time of patients using accelerated and 

coaxial time models. 

 

 

Methods 

This analytical and survival analysis study was 

conducted in August of 2016 after approval by the 

Ethics Committee of Shahid Sadoughi University of 

Medical Sciences, Yazd, with code 

IR.SSU.SPH.REC.1395.64. Firstly, a checklist 

containing the characteristics of the patients and all the 

factors examined (age, size of the tumor, lymph node 

involvement, primary metastasis, disease stages, 

pathology, vascular and neurological invasion, gradient, 

tumor markers (Her2, ER, PR, Ki67) Lymph nodes 

removal, involved lymph nodes, opposite breast 

involvement, type of breast surgery (mastectomy or 

BCT), accompanying treatments (post-operative 
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radiotherapy, post-operative chemotherapy, hormone 

therapy), subject recurrence, distant metastasis , the 

incidence and survival of patients, and the presence of 

connective tissue disease) was prepared and then the 

survival status of all 538 patients diagnosed with breast 

cancer referring to the Shaheed Ramezanzadeh 

Radiotherapy Center in Yazd were recorded from 2005-

2012 by phone call. Kaplan-Meier estimates were used 

to describe the survival of patients. Regarding the Ki67 

protein, there is always a discussion that has a positive 

or negative effect on patient survival. The Ki67 gene is 

a proto-oncogene that is active in the process of cell 

proliferation. 20% of breast cancers are Her2 positive. 

Breast cancer with Her2 gene amplification in the Fish 

Test or overexpression in the IHC Test is called Her2 +, 

which responds to Her2 receptor blocker drugs such as 

Herceptin (16).  

Before performing the survival regression, due to 

the high number of predictor variables for entering the 

model, firstly exploratory factor analysis is used to 

identify correlated predictor variables and to avoid 

coherent consequences in regression and reduce the 

dimension of data (17). Therefore, the variables 

considered by the expert physician especially the tumor 

markers were also considered in their linearity. Finally, 

according to the results of factor analysis and expert 

physician opinion, seven variables including Her2, 

ki67, estrogen receptor (ER), age (less than 40 or more 

than 40 years old), surgical procedure (mastectomy or 

BCT), stage of disease (initial or advanced), lymph node 

involvement (or not) were considered as a risk factor for 

the survival time of breast cancer.  

In regression modeling, instead of simultaneously 

accommodating these seven variables and preventing 

the complexity of the final model, we first fitted all 

possible sub-models of them (including a model with 

principal effects and second-order interactions) using 

Cox regression and a model whose AIC value was lower 

than the others was chosen as the most efficient Cox 

model. In the next step, accelerated time models were 

fitted with different survival distributions including 

exponential models, Weibull, Normal logs, generalized 

gamma, generalized Fisher, and logistic fit on variables 

that were present in the most optimal Cox model (18) 

and the optimal acceleration time model was selected 

using the Akaike test and the likelihood ratio test. The 

Akaike criterion was presented by Akaike in 1974 to 

assess the goodness of fitting models and is defined as 

follows: 

AIC = -2 {log (likelihood)} + 2 (a + c) 

In the above formula, a is the number of model 

parameters and c is a constant coefficient that is 

different from that of the applied model, and the lesser 

akaike criterion means better fitting (19). Modeling and 

data analysis were performed using flexsurvreg, muhaz, 

survMisc, survival and graphic charts with the 

survminer package under the R software version 3.4.0 

(20). In all tests, p <0.05 was considered as a significant 

level. 

 

 

Results 

In this study, 538 patients with breast cancer were 

included in the study, of whom 109 died of the disease 

(20.3%). The incident in this study was death due to 

breast cancer. In Table 1, we report descriptive 

statistics, and in Kaplan Meyer's graph, Figure 1 shows 

the two variables Her2 and Ki67. The results of this test 

have been presented to evaluate the survival curves of 

raw materials. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Kaplan-Meier charts for the two variables 

Her2 and Ki67 

 

After single analyzing of variables and their 

meaningful raw materials to achieve the best subset of 

the variables studied on survival of breast cancer, in the 

next step, using Cox regression, all of the following sub-

models of these seven variables (including the model 

with the main effects and Double-order interactions 

were fitted. As a result, a model that included the main 

effect of Her2, Ki67, age, and interactions of their 

second order was the lowest possible AIC among all 127 

possible models. (AIC=330/718). Since the interaction 

between age and Ki67 was significant (p = 0.0103), the 

model was layered according to age. To investigate the 

Cox model hazards suitability assumption based on 

Schoenfeld test was used (21). The results of the test 

showed that the assumption of the appropriateness of 

the risks was established (Global P-value = 0.176). 
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After fitting the Cox model on this subset of the 

variables, we expanded the accelerated time models by 

taking into account the various survival distributions 

mentioned in the material and methods section on the 

data that the accelerated gamma-accelerated time model 

expanded the minimum AIC in other models. (AIC 

463/98) and was chosen as the best model among 

accelerated time models (Table 2). 

 

Table 1. Frequency of patients with breast cancer in terms of the variables affecting the disease 

Risk Factors N(%) 
Average survival time (standard 

error) per month 

P-value* 

(Fleming-

Harrington) 

age 
<40 years 132(24.5) 84.81(6.17) 

0.374 
≤40 years 132(75.5) 86.98(3.98) 

Esterogen 

receptor(ER) 

positive 264(62.6) 104.24(4.31) 
0.078 

negative 158(37.4) 90.97(7.29) 

Ki67 
positive 287(90.8) 87.74(4.45) 

0.826 
negative 29(9.2) 87.26(8.22) 

Lymph node 

involvment 

does not have 176(33) 102.48(6.26) 
0.024 ¥ 

has 357(67) 98 .16(3.58) 

Breast surgery 

method 

BCT 312(85) 100.71(3.43) 
0.008 

mastectomy 226(42) 93.52(3.80) 

Her2 
Positive  115(30.7) 48.13(3.94) 

0.97 
negative 259(69.3) 78.06(2.48) 

stage 

Initial stage  100(18.6) 78.06(2.48) 

0.075 Advanced 

stage 
438(81.4) 67.12(3.77) 

¥ P-value with Renyi correction for cross-survival curves, * Significant level (0.05) for the Flemington Herrington test 

 

Table 2. Classification of estimates for the Cox regression and generalized gamma 

Risk factor 
Cox model (PH) Generalized Gamma model (AFT) 

HR(CI-95%) P-value RR(CI-95%) P-value 

Her2 
+ 2.141(1.067-4.394) 

0.031* 
0.421(0.280-0.635) 

0.001* 
- 1 1 

Ki67 
+ 0.908(0.3-275) 

0.875 
0.771(0.339-1.491) 

0.44 
- 1 1 

AIC 302.707 463.976 

 

Discussion 

In this study, the effect of Her2 variables was 

significant in both accelerated time and cox models. The 

most important finding of this study is the positive effect 

of Her2 on the risk of death and reduced survival time. 

According to the Cox model, the risk of death from 

breast cancer for patients with Her2 positive is 14.2 

times that of Her2 negative patients. This study was also 

confirmed in other studies. Also, according to the 

generalized gamma model, patients with negative Her2 

57.9% had a longer life span than patients with Her2 

(22). There has always been a lot of disagreement over 

the role of Ki67 (23). In the study of Nishimura et al., 

higher Ki67 was associated with a higher degree of 

malignancy and lower survival(24). However, in a study 

by Bryan et al., no association was found between Ki67 

and androgen receptor (25). In this study, the Ki67 

effect was not significant. This can be due to the low 

number of deaths in subgroups of age and the reduced 

test power. Khodabakhshi et al. in a study during 2005 

to 2007 on 153 women with breast cancer in Tehran 

concluded that the risk of death of Her2 positive patients 

was 1.64 more than patients with negative Her2 (26). 

This can be attributed to the use of the breakdown of age 

groups in the research analysis mentioned in the present 

study. Also, the mean age and mean survival time in the 

meta-analysis of yektakoshali et al. were consistent with 

our study (27). Cox models and accelerated time models 

are the most effective models that are in accordance 

with the goal of the researcher. If the aim of the study is 
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to compare the risk of patients, the Cox model, and if 

the goal is to compare their survival time, accelerated 

time models are more valid. The important point is that 

you cannot compare the AIC coefficients of cox models 

and accelerated time. Because the Cox method is a 

semi-parametric one and it uses a slight likelihood ratio 

in the construction of AIC, while all the observations 

are used to construct AIC for accelerated time models. 

It can be concluded that the Cox and accelerated models 

are complementary and have different interpretations, 

each of them is used according to the purpose of the 

investigator. It is also recommended to use the 

accelerated time model while simpler interpretation, 

when appropriate assumption of hazards does not exist 

in the Cox model. According to the results of this study, 

Her2 variable was considered as a risk factor in both 

models and had a positive effect on the risk of death and 

reduced survival. 
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