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Introduction: The present study aimed at identifying the risk factors associated with overall survival (OS) 

of breast cancer (BC) patients using multivariate Cox extended models. 

Materials & Methods:  This retrospective cohort study was conducted on 348 women with BC who were 

followed up for 10 years. Kaplan-Meier (KM) and log-rank statistics, Cox proportional hazard (PH), and 

multivariate Cox models were used to analyze the data. STATA V.17 and SPSS V.27 were used for data 

analysis. 

Results:   The median age of the patients was 55 years, and the median survival time was 29 months. Five- 

and 10-year OS were estimated at 93.4% and 88.4%, respectively. The results of multivariate analysis 

using the Cox model showed that lymph node (LN+) (hazard ratio (HR) = 2.86, P = 0.002), tumor size 

(HR = 1.99, P = 0.001), and progesterone receptor (PR-) (HR = 4.5, P = 0.002) increase death hazard 

significantly. 

Conclusion:   Prognostic factors indicated that women with lymph node involvement (LN+), positivity of 

human epidermal growth factor receptor 2 (HER2+), negativity of estrogen receptor (ER-), negative 

expression of progesterone receptor (PR-), advanced disease grade, and large tumor sizes were more likely 

to have a high hazard of death than other women. 
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Introduction 

According to the Worldwide Cancer Report, 6.8 

million new cases of cancer and 2.4 million cancer-

related deaths occurred in the world in 2018, out of 

which breast cancer (BC) accounted for 24.2% of all 

new cases and 15% of deaths (1). Generally, some 

predictors of the survival of BC patients have been 

reported to be age (2-4), tumor size (2, 5), lymph node 

involvement status (2, 6, 7), stage of disease (3, 8, 9), 

grade of disease (2), metastasis status (10), 

recurrence (10), genetic factors (11), and the type of 

treatment (4). The survival rate is the most important 

parameter for selecting cancer treatment and control 

strategies (12). Different statistical methods are used 

to identify the prognostic factors affecting cancer 

patients’ survival (1). In this regard, the Cox PH 

model is a semi-parametric and popular model 

because it does not require a baseline hazard function 

for estimating the hazard ratio (HR) and regression 

coefficients, delivering results comparable to those of 

parametric models (13, 14). The key assumption of 

the Cox PH model is the proportionality of hazards 

for all predictive variables in the model over time 

(15). If the PH assumption is not met, the results of 

the Cox model may be misleading, whereas 

parametric models can be used as alternatives to 

overcome this problem during survival analysis. 

Most parametric models are based on accelerated 

failure time (AFT) models (16) and do not require the 

Cox PH assumption (13).  The current study aimed at 

determining the predictors of OS in women with BC 

using the multivariate Cox PH models. 

Materials and methods 

Study Design 

T This retrospective cohort study was conducted on 

348 women with BC. 

Setting and Participants 

Clinic pathologic and survival data were obtained 

from Prat et al.’s study [GSE18229] (17), in which 

the patients were followed up for about ten years. 

Measurements & Validity and Reliability 

All the patients suffered from ductal-type BC, and 

variables such as age at diagnosis, grade of disease, 

tumor size, lymph node involvement status, and the 

expression status for estrogen receptor (ER), 

progesterone receptor (PR), and human epidermal 

growth factor receptor 2 (HER2) were reported as 

predictors of survival. Overall survival (in months), 

as the main outcome, was defined as the time interval 

from diagnosis to death. 

Statistical and Data Analysis 

The KM method was used to estimate the survival 

time function for all covariates, and the 

nonparametric log-rank test was applied to compare 

survival curves and determine the factors associated 

with OS. We used the goodness-of-fit [GOF] 

technique and a graphical method (a plot of ln(-ln 

S(t)) versus ln(t)) for different levels of variables to 

assess the PH assumption. The univariate Cox PH 

model was used to estimate the effects of covariates 

on OS. All covariates that were significant at the 0.1 

level were entered into the multivariate Cox PH 

model (18). An extended Cox model was used for 

data analysis when the PH assumption was violated. 

In the presence of a categorical predictor variable, 

there is an increase in the proportion of the hazard 

changes in a continuous predictor, calculated from 

the Cox model (19). The hazard function graph was 

drawn against different Cox-Snell residuals in 

different models. The graph that was closer to the 

bisector line was considered the best model fitted to 

the data (20). Statistical analyses were performed 

using SPSS 27 and Stata 17. 

Results 

In this study, 348 women with BC were followed up 

for ten years after the diagnosis. The mean age of the 

patients at diagnosis was 57 years (range: 24-89 

years). At the end of the follow-up period, 276 

(79.3%) patients were alive, while 71 (20.7%) 

patients died. The mean survival time was 40 months, 

and the median survival time was 29 months (range: 
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1-118 months) (Table 1). Five- and 10-year OS were 

estimated at 93.4% and 88.4%, respectively. The 

results of the log-rank test showed a significant 

difference in the survival of patients with LN 

involvement (LN+) and LN- (P = 0.0002). Also, as 

the tumor size and disease grade increased, patients’ 

survival decreased. There was a significant difference 

in the survival of patients regarding different disease 

grades (P=0.0054), HER2 status (P=0.0281), ER 

expression (P=0.0014), and PR expression 

(P=0.0004). The results of the log-rank test did not 

show a significant relationship between OS and age 

(P=0.66) (Table 1).

Table 1. Characteristics of patients and comparison of overall survival in terms of different categories of variables using the log-

rank test. 

P 

(Log-rank test)       

N (%) Characteristics   

Total death Alive  

0.66 149 (100) 

169 (100) 

28(18.8) 

36 (33.3) 

121(81.2) 

119 (76.7) 

Age                 <50 

years 

=>50 years 

0.0002 172 (100) 

173(100) 

17 (9.9) 

52 (30.1) 

155(90.1) 

121(69.9) 

LN status                    

ln- 

Ln+       

0.0281 225 (100) 

88 (100) 

41 (18.2) 

22 (25) 

184(81.8) 

66(75) 

     Her2               her2-     

her2+    

0.0014 139(100) 

179(100) 

45(32.4) 

26(14.5) 

94(67.6) 

153(85.5) 

ER                        Er-                                     

Er+ 

0.0004 143(100) 

134(100) 

46(32.2) 

13(9.7) 

97(67.8) 

121(90.3) 

PR                          pr-                                   

pr+     

0.0054 34(100) 

114(100) 

181(100) 

3(8.8) 

14(12.3) 

48(26.5) 

31(91.2) 

100(87.7) 

113(73.5) 

    Grade G1                             

G2 

G3 

0.000 81(100) 

182(100) 

49(100) 

31(100) 

4(4.9) 

31(17) 

16(32.7) 

18(58.1) 

77(95.1) 

151(83) 

33(67.3) 

13(41.9) 

  Tumor Size  T1                   

T2 

T3 

T4 

ER=Estrogen receptor, PR=Progesterone receptor, HER2=Human epidermal growth factor receptor2, LN= lymph node statues, 

Age= Age at diagnosis, Grade= Histological grade 
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Figure 1. Comparison overall survival time in patients with breast cancer according to predictive factors, (a): ER,(b):HER2, 

(c);Tumor size ,(d):PR,(e):histological grade,(f):LN 

Goodness-of-fit (GOF) and graphic methods showed 

that the PH assumption was met for all independent 

variables in the model, except for HER2 status (Table 

2). For this variable, although the critical value was P 

= 0.109 (i.e., >0.05), the two survival curves were not 

parallel, suggesting the violation of the PH 

assumption (Fig. 1-b). 

The findings of the Cox PH model in univariate 

analysis showed a statistically significant association 

between OS and each of LN involvement (P=0.000), 

HER2 status (P=0.032), PR expression (P=0.001), 

disease grade (G2, P=0.36; G3, P=0.038), and tumor 

size (T2, P=0.025; T3, P=0.003; and T4, P=0.000). 

However, there was no statistically significant 

association between age and OS (P = 0.67). 

After checking all factors by a univariate model, 

variables retrieving P < 0.1 were entered into a 

multivariate Cox PH model. In the univariate model, 

estimated HR values for tumor size indicated that 

larger tumors elevated the risk of death. Since the PH 

assumption was violated regarding HER2 expression 

status, the Cox time-dependent model was employed 

to reduce the risk of bias. 

Table 2. The results of the PH Cox model in univariate analysis for estimating overall survival in breast cancer patients and 

checking the fulfillment of the PH assumption. 

P PH assumption Cox model (univariate) Characteristics 

 
P HR (95% CI) 

0.86 Met 0.67 0.89 (0.52-1.51) Age 

0.702 Met 0.00 2.95 (1.63-5.33) LN 

0.109 Not met 0.032 1.98 (1.06-3.7) Positive HER2 

0.294 Met 0.002 0.424 (0.25-0.73) ER 

0.054 Met 0.001 0.029 (0.142-0.61) PR 

0.091 Met Ref 

0.36 

Ref 

1.9 (0.45-8.96) 

Grade                G1 

G2 
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0.038 4.51 (1.08-18.8) G3 

0.093  

Met 

Ref 

0.025 

0.003 

0.00 

Ref 

3.95 (1.19-13.1) 

6.6 (1.87-23.26) 

14.1 (4.09-48.7) 

Tumor size                    

T1 

T2 

T3 

T4 

 

The results of the Cox extended model (Table 3) 

showed that the estimated HR for LN involvement 

was equal to 2.21, suggesting that women with LN+ 

were more than twice as likely to have lower OS than 

women with LN- (P = 0.038). As the 95% CI of HR 

for LN involvement did not cross 1, the effect of LN 

on survival was statistically significant. Although the 

effect of disease grade on survival was not 

statistically significant, the respective HR was greater 

than 1, indicating that the risk of death increased as 

BC grade increased (Table 3). The results of the 

extended model used have been presented in Table 3.

Table 3. The results of the multivariate Cox extended model for estimating the effects of different variables on overall survival in 

women with breast cancer. 

Cox  

time-dependent coefficient 

Variables 

P HR (95% CI) 

0.038 2.21(1.04-4.7) LN   (LN+ vs. LN-) 

0.51 0.61(0.14-2.64) HER2  (Her2- vs. Her2+) 

0.84 0.91(0.35-2.32) ER    (Er+ vs. Er-) 

0.12 0.4(0.12-1.27) PR    (Pr+ vs. Pr-) 

Ref 

0.88 

0.29 

Ref 

1.17(0.13-10.66) 

3.13(0.37-26) 

Grade                     G1  

G2                 

G3                

Ref 

0.25 

0.15 

0.029 

Ref 

3.33(0.43-25) 

4.6(0.55-38.3) 

10.38(1.26-85.32) 

 

Size                     T1 

T2              

T3           

    T4                        

 

0.075  - T*Her2 

Discussion 

This study was conducted to determine the impacts of 

some prognostic factors on the OS of women with 

BC. We concluded that the Cox extended model was 

the best model to analyze the data and identify the 

prognostic factors associated with OS in women 

suffering from BC. Some factors, such as more 

advanced disease grade, larger tumor size, LN 

involvement, lack of PR expression, HER2 positive, 

and ER negative, were associated with increased risk 

of death in these patients. 

The analysis utilizing a multivariate Cox extended 

model revealed distinct prognostic factors 

influencing overall survival (OS) in breast cancer 

patients. Notably, age at diagnosis demonstrated no 

statistically significant association with OS 

(HR=0.91, 95% CI: 0.35–2.32; P=0.67). This 

contrasts with some studies identifying age as a 

predictor (21, 22), but aligns with research suggesting 

age-related effects may be mediated by other 

variables, such as hormone receptor status (21, 23, 

24). Conversely, estrogen receptor (ER) positive 

status emerged as a critical factor, consistent with 

established literature demonstrating improved 
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survival outcomes for ER+ tumors (21, 23). Tumor 

size had a significant association with survival (21, 

23). In a meta-analysis done by Mulugeta, age at 

diagnosis, tumor size, and lymph node status were 

independent prognostic indicators for survival (23). 

The PH Cox model is one of the most commonly used 

models for the analysis of survival data, and its 

applicability has been approved in many studies (7, 

25). The Cox extended and AFT models present a 

suitable description of survival data in most 

situations. Alfonso et al. (9) conducted a study on BC 

patients in Cuba, reporting GG as the best model and 

age and disease stage as the factors significantly 

associated with survival. 

Limitations and Strengths 

One limitation of this study is that we did not include 

treatment method; treatment method may be an 

independent variable on survival. The main focus of 

this study was to investigate the impact of some 

potential prognostic factors on the OS of BC patients. 

Further studies can be conducted to assess the 

impacts of different treatments on these parameters 

using different models. The log-logistic model is an 

appropriate model showing good fit into BC data, as 

reported by Amran et al. (4). In other studies (8, 10, 

26), the Weibull model has been proposed as the most 

suitable model for analyzing BC data. In survival 

analysis we prefer to use simple models such as Cox 

PH models, but when the assumptions of these 

models are violated, we have to use Cox extended or 

AFT models. 

Conclusion 

In this study we showed when PH assumptions are 

violated for some risk factors, we have to use other 

models such as Cox extended models. Advanced 

disease grade, larger tumor size, LN involvement, 

lack of PR expression, HER2 positive, ER negative, 

and increased risk of death in patients. 
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