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Introduction
Breast cancer is the second most common type of cancer after 
lung cancer. About 1 in 4 (24.2%) of all new cancer cases diag-
nosed in women worldwide is breast cancer. Breast cancer is 
also the leading cause of cancer death in women (15.0%), fol-
lowed by lung cancer (13.8%) and colorectal cancer (9.5%).1 As 
the most prevalent type of cancer among women in Iran, breast 
cancer accounts for 24.4% of malignancy among women with a 
crude incidence rate of 17.4 per 100 000.2 In the 5-year survival 
analysis, breast cancer survival rates vary greatly worldwide, 
ranging from 80% in high-income countries to less than 40% 
in low-income ones.3 In Iran, the survival rate of breast cancer 
has been reported to be 70%.4

Awareness of the prognostic factors associated with the sur-
vival in breast cancer plays an important role in the process of 
treatment and patient care. Several studies have proposed various 
survival prognostic factors in breast cancer. Age at diagnosis, 

stage of the disease, number of involved lymph nodes, tumor size 
and grade, type of auxiliary treatment (radiotherapy, chemother-
apy, hormone therapy), metastasis, and recurrence are among 
these factors.5,6 Various studies have been performed in Iran to 
determine the factors affecting the survival in breast cancer 
patients and estimate the survival time.7-10 However, the factors 
identified in each study have been different from other studies 
and the extent of the effects of some of these factors has also 
been controversial. For example, the effects of the type of surgery 
(modified radical mastectomy [MRM] and breast conservation 
surgery [BCS]), chemotherapy, and radiotherapy on the survival 
of patients are the most discussed issues in recent years.11-13

Using data from different health centers can provide more 
accurate knowledge of the survival prognostic factors and their 
effect on the patient’s survival. The data structure of these stud-
ies is heterogeneous due to the treatment of patients in different 
centers or being under the care of different physicians or similar 
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reasons; such that intra-center patients have a relatively high 
correlation and the inter-center ones have a low correlation. 
Ignorance of this issue can cause errors in identifying the prog-
nostic factors and their effects. Conventional survival analysis 
models, such as the Cox proportional hazards model, ignore the 
effects of correlations and lead to an overestimation of model 
parameters. One of the well-known models that are used to 
model the clustered correlated data is shared frailty model.14 A 
shared frailty model is a random effects model for time-to-event 
data, where the random effect (the frailty) has a multiplicative 
effect on the baseline hazard function. The effect of inter-center 
distinction and intra-center correlation can be controlled by 
frailty term. In this model, we assume that persons in the same 
center share the same frailty term. The frailty term is random 
and therefore a frailty distribution needs to be specified in the 
frailty model. The standard assumption is to use a gamma distri-
bution for the frailty, but other distributions are also possible.15 
Early considerations of these models can be found in Clayton16 
and Clayton and Cuzick17 and extensively studied in Hougaard,18 
Therneau and Grambsch,19 Duchateau et al,20,21 and Duchateau 
and Janssen,22 and much of the development in this area stems 
from the extension of methods used to measure correlation in 
bivariate survival data with arbitrary individual hazard functions 
(including Cox models).16,17

In this study, we used the patients’ data from 4 different 
health centers in Tehran. These health centers include the pri-
vate and public centers, and there are differences in treatment 
facilities and treatment teams. We used the shared frailty model 
to control center effects and estimate the survival of breast can-
cer patients and determine the prognostic factors affecting the 
survival of breast cancer.

Materials and Methods
In this historical cohort study, the data set was collected as a 
secondary data and it contains information on 1785 breast can-
cer patients without any missingness, (based on the diagnosis 
of breast cancer pathology) referring to 4 breast cancer research 
centers in Tehran, Iran, between 1997 and 2013 who com-
pleted the follow-up period. The median follow-up time in the 
2 centers of C and D was 65.70 and 51 months, and in centers 
A and B, follow-up time was 22.32 and 29 months, respectively. 
The median follow-up time in total data was 29.71 months 
with the interquartile range of 19 to 61 months.

The event is death from breast cancer, and all other deaths 
are regarded as censored observations. The survival time was 
defined as the duration (months) from diagnosis to death due 
to breast cancer. Age at diagnosis (year); tumor characteristics 
including size of tumor (>2 cm, between 2 and 5 cm, > 5 cm), 
the number of lymph nodes involved (no lymph nodes, 1-3 
lymph nodes, 4-9 lymph nodes, and >9 lymph nodes), grade 
of malignancy (grades 1-3), and type of surgery (MRM or 
BCS); and auxiliary treatment of chemotherapy, radiotherapy, 
recurrence, and metastasis were the prognosis factors consid-
ered in this study.

In our study to investigate the relation between the survival 
time and risk factors, first, the Cox proportional hazard model 
was used for each center separately and for total data without 
considering centers. In the second model, Cox model with 
center term as covariate was used and in the third model a 
shared frailty model with a gamma distribution for center term 
as random effect (frailty term) was used.

The Cox proportional hazard is the most common method 
for analyzing the effects of several variables on survival time. In 
this model, the hazard function for individual i  is written as

λ λ βi
T

it t X( ) ( ) ( )= exp0

λ0( )t  is a baseline hazard function, left unspecified and 
exp( )βT iX  is the relative risk of individual i , where Xi  is the 
covariate vector of individual i .14

In multicenter studies, outcomes are typically more hetero-
geneous. Heterogeneity usually arises because individuals in 
the same center are related to each other and each center is 
different due to variations in patients as well as provider care 
and other latent factors can be different in centers. Heterogeneity 
decreases the power to detect important risk factors and can 
introduce bias into the analysis. Ordinary methods like Cox 
model implicitly assume that populations are homogeneous, 
meaning all individuals have the same risk of death. 
Heterogeneity between centers in multicenter studies with 
time to event outcome can be modeled by the shared frailty 
model. A shared frailty model is a random effects model for 
time-to-event data, where the random effect (the frailty) has a 
multiplicative effect on the baseline hazard function and frailty 
is defined as a measure of the relative risk which individuals in 
a group share.15,20 In this situation, individuals j in a center i  
are supposed to share the same frailty Zi . The conditional haz-
ard for individual j  in center i  is

λ λt Z Z tj i i iji( ) = ( )
where λ(tij )  is the Cox model. The Zi  are independent identi-
cally distributed following a chosen distribution. Many distribu-
tions can be chosen for the frailty, but the most common frailty 
distribution is the gamma distribution. From a computational 
and analytical point of view, the gamma distribution is conveni-
ent because it is easy to derive the closed-form expressions of 
survival, density, and the hazard function. The model assumes 
that all time observations are independent given the values of the 
frailties. In other words, it is a conditional independence model. 
The value of Z  is constant over time and common to the indi-
viduals in the center and thus responsible for creating depend-
ence. The interpretation of this model is that the between-centers 
variability (the random variation of Z ) leads to different risks 
for the centers, which then show up as dependence within the 
centers.14 The variance of Z is interpretable as a measure of het-
erogeneity across the population in baseline risk. When it is 
small, then the values of Z are closely concentrated around one. 
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If it is large, then values of Z are more dispersed, inducing greater 
heterogeneity in the individual hazards.14

To compare the efficiency of models, Akaike information 
criterion (AIC) was used.23 The likelihood ratio test was used to 
test significantly frailty variance from zero. The proportional 
hazards assumption was investigated using a Schoenfeld resid-
ual test. Distributions of characteristics were compared using 
chi-square test (for categorical variables) and the analysis of 
variance (ANOVA) test (for continuous variables). The adjusted 
P values (with the Benjamini and Hochberg24 procedure for 
multiple comparisons) less than .05 was considered to be sig-
nificant. The analysis was performed using STATA, version 12.

Results
The center-specific number of patients studied, the number of 
deaths, follow-up times, and survival quartiles are provided in 
Table 1 by different centers; 800, 393, 413, and 179 (in total, 
1785) patients were studied from the 4 health centers A to D. 
During the follow-up period, 337 (18.9%) patients died from 
breast cancer and 1448 (81.1%) survived, so 17.9% died in 
center A also D, 12.7% in center B, and 27.1% in center C.

Number (percent; mean [standard deviation] for continuous 
variables) of the studied variables by the centers and P value of 
Pearson chi-square test (P value of ANOVA test for age) are pre-
sented in Table 2. Characteristics of the study population by sur-
vival status (number (%); mean [standard deviation] for continuous 
variables) who died are presented in Table 3. The mean (standard 
deviation) of age at diagnosis was almost the same in all centers 
and in total data was 48.78 (12.63). Totally, MRM was used for 
67.1% and BCS for 32.9% of patients; 249 (13.9%) of patients 
diagnosed with metastasis and 159 (8.9%) patients experienced 
recurrent. Auxiliary radiotherapy and chemotherapy were per-
formed in 914 (51.2%) and 1145 (64.1%) of patients, respectively.

According to the survival curve (Figure 1A), the 1-, 3-, 5-, 
and 10-year survival rates were 96%, 84%, 76%, and 58%, 
respectively. Figure 1B shows the survival rate estimation by 
the Kaplan-Meier method in the different studied centers. 
During the first 100 months of follow-up, center A has a lower 
survival curve than 3 other centers.

The assumption of proportional hazards was confirmed in 
Cox models at the significance level of 0.05. The results of the 

Cox model by centers and Cox model for all centers are pro-
vided in Table 4, and the results of the Cox model with the 
center term as covariate and a shared frailty model with a 
gamma distribution for center term as random effect (frailty 
term) for total data are provided in Table 5. Age at diagnosis in 
B and C centers was significant, and the hazard of death 
increases by 1.02 with every year (for both centers). The hazard 
of death reduces 0.624 times with the BCS compared to MRM 
method significantly, in shared frailty model, and it reduces sig-
nificantly 0.510 times in center A. Radiotherapy at B and C 
centers and in shared frailty model was significant and reduced 
the hazard of death 0.662 times compared to those who did not 
receive this treatment. In shared frailty model, metastasis 
increased the hazard of death significantly by 5.384 times. In 
centers A to D, the hazard ratio of death in metastatic patients 
was 6.535, 10.784, 3.182, and 5.575, respectively. The increase 
in the number of involved lymph nodes increased the hazard of 
death. In shared frailty model, the hazard of death in the 
patients with 1-3, 4-9, and above 9 involved nodes was 1.694, 
1.947, and 2.336 times the patients with no involved nodes. In 
the examination of the tumor grade, the hazard of death for 
patients with grade 3 tumors was 2.512 times the grade 1 tumor, 
and the grade 2 tumor than grade 1 had a statistically significant 
effect on the survival of patients with hazard ratio of 1.670.

Obtained results of comparing 3 models such as Cox model, 
Cox model with the center term, and shared frailty model indi-
cated that the hazard ratio and confidence intervals changed. 
Chemotherapy and recurrence were significant in the Cox 
model while were not significant in the shared frailty model, 
but recurrence was significant in the Cox model with center 
term; also center term was significant (P value = .002) in this 
model. Shared frailty model had AIC less than 2 other models. 
In the shared frailty, variance of frailty term (0.0369; 
SE = 0.0364) was significantly different from zero using the 
likelihood ratio test, and it affirmed that there was significant 
variability between the centers (P value = .021).

Discussion
In this study, we used the data collected from 4 health centers 
in Tehran, Iran, to investigate the effect of prognostic factors of 
survival. As the data were collected from different centers, in 

Table 1.  Profile of follow-up time (in months), event, and survival quartiles by 4 centers.

Center Patient (n) Event n (%) Median follow–up 
time

25% survival 
(SE)

50% survival 
(SE)

75% survival 
(SE)

A 800 143 (17.9) 22.32 − − 40.29 (6.36)

B 393 50 (12.7) 29.00 130 (24.16) 100 (9.9) 85 (28.03)

C 413 112 (27.1) 65.70 236.55 (14.07) 235.07 (77.24) 68.99 (7.34)

D 179 32 (17.9) 51 − − 84 (10.48)

Total 1785 337 (18.9) 29.71 236.55 (1.21) 235.07 (67.89) 63.70 (4.86)

Abbreviation: SE, standard error.
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addition to the covariates considered, other factors such as 
treatment methods, conditions of patients referring to each 
center, and therapeutic equipment cause a correlation between 

patients at each center. Disregarding this correlation in the 
modeling leads to a biased estimation of the effects of the fac-
tors studied. A shared frailty model considers this correlation 

Table 2.  Profile of patient demographics and clinical characteristic.

Risk factors Center A 
(n = 800)

Center B 
(n = 393)

Center C 
(n = 413)

Center D 
(n = 179)

P value All centers

N (%)  

Surgical procedure

  MRM 674 (84.2) 106 (27.0) 338 (81.8) 80 (44.7) <.001 1198 (67.1)

  BCS 126 (15.8) 287 (73.0) 75 (18.2) 99 (55.3) 587 (32.9)

Metastases

  Yes 79 (9.9) 51 (13.0) 91 (22.0) 28 (15.6) <.001 249 (13.9)

 N o 721 (90.1) 342 (87.0) 322 (78.0) 151 (84.4) 1536 (86.1)

Recurrence

  Yes 100 (12.6) 14 (3.6) 32 (7.7) 13 (7.3) <.001 159 (8.9)

 N o 700 (87.5) 379 (96.4) 381 (92.3) 166 (92.7) 1626 (91.1)

Radiotherapy

  Yes 201 (25.1) 310 (78.9) 256 (62.0) 147 (82.1) <.001 914 (51.2)

 N o 599 (74.9) 83 (21.1) 157 (38.0) 32 (17.9) 871 (48.8)

Chemotherapy

  Yes 341 (42.6) 280 (71.2) 376 (91.0) 148 (82.7) <.001 1145 (64.1)

 N o 459 (57.4) 113 (28.8) 37 (9.0) 31 (17.3) 640 (35.9)

Tumor size

  <2 cm 233 (29.1) 147 (37.4) 95 (23.0) 65 (36.3) <.001 540 (30.3)

  2-5 cm 444 (55.5) 206 (52.4) 235 (56.9) 92 (51.4) 977 (54.7)

  >5 cm 123 (15.4) 40 (10.2) 83 (20.1) 22 (12.3) 268 (15.0)

Tumor grade

  1 95 (11.9) 49 (12.5) 58 (14.0) 20 (11.2) .007 222 (12.4)

  2 487 (60.9) 219 (55.7) 243 (58.8) 85 (47.5) 1034 (57.9)

  3 218 (27.3) 125 (31.8) 112 (27.1) 74 (41.3) 529 (29.6)

Involved lymph node

  0 162 (20.3) 207 (52.7) 181 (43.8) 83 (46.4) <.001 633 (35.5)

  1-3 216 (27.0) 86 (21.9) 99 (24.0) 36 (20.1) 437 (24.5)

  4-9 253 (31.6) 49 (12.5) 83 (20.1) 41 (22.9) 426 (23.9)

  > 9 169 (21.1) 51 (13.0) 50 (12.1) 19 (10.6) 289 (16.2)

Mean (SD)

Age 48.86 (13.62) 48.54 (11.83) 46.73 (11.39) 53.68 (11.15) <.001 48.78 (12.63)

Abbreviations: ANOVA, analysis of variance; BCS, breast conserving surgery; MRM, modified radical mastectomy; N, number; SD, standard deviation. P value: significant 
value of Pearson chi-square test (P value of ANOVA test for age).
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Table 3.  Characteristics of study population by survival status.

Risk factors Center A Center B Center C Center D P value All centers

N (%) who died  

Surgical procedure

  MRM 131 (91.61) 23 (46.00) 99 (88.39) 22 (68.75) <.001 275 (81.60)

  BCS 12 (8.39) 27 (54.00) 13 (11.61) 10 (31.25) 62 (18.40)

  P value .008 .001 .035 .003 <.001

Metastases

  Yes 48 (33.57) 31 (62.00) 52 (46.43) 14 (43.75) .004 145 (43.03)

 N o 95 (66.43) 19.38 (87.0) 60 (53.57) 18 (56.25) 192 (56.97)

  P value <.001 <.001 <.001 <.001 <.001

Recurrence

  Yes 18 (12.59) 2 (4.00) 16 (14.29) 5 (15.63) 0.264 41 (12.17)

 N o 125 (87.41) 48 (96.00) 96 (85.71) 27 (84.38) 296 (87.83)

  P value .972 .858 .002 .044 .020

Radiotherapy

  Yes 40 (27.97) 29 (58.00) 67 (59.82) 22 (68.75) <.001 158 (46.88)

 N o 103 (72.03) 21 (42.00) 45 (40.18) 10 (31.25) 179 (53.12)

  P value .386 <.001 .581 .029 .078

Chemotherapy

  Yes 65 (45.45) 33 (66.00) 106 (94.64) 22 (68.75) <.001 226 (67.06)

 N o 78 (54.55) 17 (34.00) 6 (5.36) 10 (31.25) 111 (32.94)

  P value .450 .380 .118 .022 .215

Tumor size

  <2 cm 36 (25.17) 15 (30.00) 8 (7.14) 9 (28.13) <.001 68 (20.18)

  2-5 cm 83 (58).04 26 (52.00) 65 (58.04) 15 (46.88) 189 (56.08)

  >5 cm 24 (16.78) 9 (18.00) 39 (34.82) 8 (25.00) 80 (23.74)

  P value .507 .117 <.001 .050 <.001

Tumor grade

  1 9 (6.29) 5 (10.00) 8 (7.14) 1 (3.13) .228 23 (6.82)

  2 67 (46.85) 25 (50.00) 67 (59.82) 21 (65.63) 180 (53.41)

  3 67 (46.85) 20 (40.00) 37 (33.04) 10 (31.25) 134 (39.76)

  P value <.001 .401 .027 .052 <.001

Involved lymph node

  0 15 (10.49) 16 (32.00) 28 (25.00) 6 (18.75) 0.001 65 (19.29)

  1-3 31 (21.68) 16 (32.00) 25 (22.32) 9 (28.13) 81 (24.04)

(Continued)
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Risk factors Center A Center B Center C Center D P value All centers

N (%) who died  

  4-9 52 (36.36) 3 (6.00) 29 (25.89) 12 (37.50) 96 (28.49)

  >9 45 (31.47) 15 (30.00) 30 (26.79) 5 (15.63) 95 (28.19)

  P value <.001 <.001 <.001 .007 <.001

Mean (SE)

Age

  Alive 49.03 (0.53) 48.08 (0.62) 46.28 (0.64) 54.21 (0.92) 0.001 48.76 (0.33)

  Died 48.10 (1.09) 51.70 (1.99) 47.93 (1.13) 51.22 (1.90) 0.194 48.87 (0.69)

  P value .460 .043 .190 .169 .881

Abbreviations: ANOVA, analysis of variance; BCS, breast conserving surgery; MRM, modified radical mastectomy; N, number; SE, standard error. P value: significant 
value of Pearson chi-square test (P value of ANOVA test for age).

Table 3. (Continued)

Figure 1.  Kaplan-Meier curves in breast cancer patients (A) by centers and (B) all centers.

to control the effects of ignoring factors, by extending the Cox 
proportional hazard model. A frailty term is taken into account 
for every center in this model so that it can relate the unob-
served shared frailty to the hazard function dispersion due to 
inter-center and the intra-center correlations.25 The term 
“Share” in this type of modeling means that there is a common 
effect in each center which is constant over time.26 We used the 
data collected from 4 centers with at least 179 patients in each 
center; therefore, according to Govindarajulu and Malloy,27 we 
have enough power in using a shared frailty model to analyze 
breast cancer data.

The results of total data obtained using the shared frailty 
model (assuming gamma distribution for frailty) showed that 
the type of surgery, number of nodes involved, metastasis, radi-
otherapy, and tumor grade are the prognostic factors of survival 
in breast cancer. The frailty term had a significant effect on the 
model, which shows the necessity of using the frailty model to 
control the changes between the centers due to unconsidered 
covariates. In the separate analysis centers by the Cox model, in 
center A, the type of surgery, number of nodes involved, and 
the grade 3 tumor; in center B, age, radiotherapy, metastasis, 

and between 1 and 3 involved nodes; in center C, age, radio-
therapy, recurrence, metastasis, size of the tumor, and grade 3 
tumor; and in center D, chemotherapy, metastasis, and lymph 
nodes involved were significant.

Among the significant factors in this study, the effect of the 
surgical method on the survival of breast cancer patients is one 
of the most addressed issues in recent studies. Our study showed 
that the hazard of death in BCS surgery for women with breast 
cancer is less than the hazard of death due to MRM, which is 
consistent with the results of similar studies.28-30 In the study of 
Hofvind et  al.,31 by controlling other factors, the hazard of 
death in MRM is 1.7 times higher than BCS. In a similar study, 
Hartmann-Johnsen et al.30 provided similar results for women 
aged 50-69 years by controlling other factors. Meanwhile, there 
has been no significant difference between the 2 surgical meth-
ods in the study of Quan et  al.12 In the study of Baghestani 
et al.32 in Iran, with univariate analysis, the surgical method had 
a significant effect on survival; however, in multivariate analysis, 
by controlling other factors, there was no significant effect.

In our study, more involved lymph nodes increased the haz-
ard of death significantly. In Iran, in the study by Movahedi 
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et  al.33 on 623 patients with breast cancer, involvement of 
lymph nodes was associated with a decrease in the survival rate 
of patients under study. Faradmal et  al.10 and Nematolahi 

et al.34 presented similar results, using the shared frailty model 
(to control the effect of hidden factors) and a Bayesian model, 
respectively.

Table 4.  HR and 95% CI prognostic factors of death from Cox model by center and for all centers.

Risk 
factors

Center A Center B Center C Center D All centers

  HR (95% CI)

Age 0.996 (0.982-1.009) 1.023 (1.001-0.045)* 1.025 (1.008-1.043)* 0.998 (0.963-1.034) 1.006 (0.997-1.015)

Surgical procedure

  MRM 1.00 1.00 1.00 1.00 1.00

  BCS 0.510 (0.278-0.936)* 0.572 (0.287-1.138) 0.843 (0.449-1.580) 0.628 (0.262-1.501) 0.647 (0.487-0.861)*

Chemotherapy

 N o 1.00 1.00 1.00 1.00 1.00

  Yes 0.931 (0.660-1.315) 1.670 (0.801-3.478) 1.156 (0.456-2.928) 0.199 (0.078-0.506)* 0.772 (0.688-1.161)*

Radiotherapy

 N o 1.00 1.00 1.00 1.00 1.00

  Yes 1.195 (0.823-1.735) 0.322 (0.168-0.617)* 0.489 (0.319-0.749)* 0.608 (0.249-1.483) 0.604 (0.478-0.763)*

Recurrence

 N o 1.00 1.00 1.00 1.00 1.00

  Yes 1.135 (0.679-1.897) 1.233 (0.266-5.718) 2.124 (1.181-3.819)* 1.461 (0.385-5.543) 1.434 (1.029-1.999)*

Metastasis

 N o 1.00 1.00 1.00 1.00 1.00

  Yes 6.535 (4.404-9.696)* 10.784 (5.668-20.518)* 3.182 (2.108-4.802)* 5.575 (2.218-14.010)* 4.923 (3.921-6.182)*

Tumor size

  <2 cm 1.00 1.00 1.00 1.00 1.00

  2-5 cm 1.086 (0.731-1.614) 0.506 (0.213-1.199) 3.073 (1.382-6.832)* 0.752 (0.299-1.893) 1.060 (0.794-1.413)

  >5 cm 1.116 (0.656-1.899) 0.691 (0.208-2.294) 4.311 (1.815-10.238)* 0.886 (0.264-2.974) 1.181 (0.833-1.673)

Involved lymph node

  0 1.00 1.00 1.00 1.00 1.00

  1-3 1.250 (0.668-2.338) 2.741 (1.185-6.343)* 1.526 (0.854-2.726) 6.009 (1.761-20.499)* 1.856 (1.323-2.604)*

  4-9 1.491 (0.821-2.708) 0.733 (0.184-2.916) 2.386 (1.352-4.209)* 4.336 (1.345-13.971)* 2.218 (1.596-3.083)*

  >9 1.885 (1.023-3.473)* 1.224 (0.410-3.649) 2.953 (1.598-5.456)* 8.406 (2.142-32.987)* 2.630 (1.862-3.714)*

Grade

  1 1.00 1.00 1.00 1.00 1.00

  2 1.297 (0.636-2.645) 0.654 (0.227-1.887) 1.626 (0.764-3.460) 4.009 (0.501-32.087) 1.709 (1.101-2.650)*

  3 2.731 (1.329-5.609)* 0.574 (0.179-1.842) 2.368 (1.082-5.183)* 1.746 (0.199-15.258) 2.624 (1.668-4.127)*

Log likelihood −769.838 −209.384 −544.082 −111.723 −2070.681

AIC 1565.768 444.768 1114.162 249.446 4167.361

Abbreviations: AIC, Akaike information criterion; BCS, breast conserving surgery; CI, confidence interval; HR, hazard ratio; MRM, modified radical mastectomy.
*Significant adjusted P values with the Benjamini and Hochberg24 procedure (<.05).
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Table 5.  HR and 95% CI prognostic factors of death from a shared 
frailty model and Cox model with a center term.

Risk 
factors

Shared frailty 
model

Cox model with a 
center term

  HR (95% CI)

Age 1.005 (0.996-1.014) 1.006 (0.997-1.015)

Surgical procedure

  MRM 1.00 1.00

  BCS 0.624 (0.463-0.842)* 0.647 (0.486-0.860)*

Chemotherapy

 N o 1.00 1.00

  Yes 0.894 (0.688-1.161) 0.895 (0.688-1.165)

Radiotherapy

 N o 1.00 1.00

  Yes 0.662 (0.517-0.847)* 0.683 (0.534-0.874)*

Recurrence

 N o 1.00 1.00

  Yes 1.381 (0.989-1.928) 1.412 (1.013-1.968)*

Metastasis

 N o 1.00 1.00

  Yes 5.384 (4.256-6.810)* 5.379 (4.251-6.807)*

Tumor size

  <2 cm 1.00 1.00

  2-5 cm 1.082 (0.811-1.442) 1.073 (0.805-1.430)

  >5 cm 1.243 (0.878-1.759) 1.229 (0.868-1.740)

Involved lymph node

  0 1.00 1.00

  1-3 1.694 (1.202-2.386)* 1.675 (1.187-2.363)*

  4-9 1.947 (1.387-2.732)* 1.962 (1.400-2.749)*

  >9 2.336 (1.644-3.318)* 2.294 (1.610-3.268)*

Grade

  1 1.00 1.00

  2 1.670 (1.077-2.591)* 1.677 (1.081-2.602)*

  3 2.512 (1.596-3.956)* 2.574 (1.636-4.049)*

Center − 0.810 (0.706-0.928)*

Log 
likelihood

−2068.164 −2070.026

AIC 4162.327 4166.006

Abbreviations: AIC, Akaike information criterion; BCS, breast conserving surgery; 
CI, confidence interval; HR, hazard ratio; MRM, modified radical mastectomy.
*Significant adjusted P values with the Benjamini and Hochberg24 procedure (<.05).

In our study, metastasis was one of the most important and 
effective factors in reducing the survival of breast cancer patients. 
Metastasis increased the hazard of death by 5.384 times. In other 
studies, metastasis has been one of the most important factors 
affecting the survival of breast cancer patients.34-36 A systematic 
review stated that with metastasis, the survival probability is .18.37 
In Iran, Rezaianzadeh et al.38 showed that metastasis to the bones 
and the lung increases the hazard of death by 2.25 and 3.21 times, 
respectively. In a study by Karimi et  al.,39 the survival rate of 
patients without metastasis was twice that of metastatic patients.

Cancer patients receive different auxiliary therapies after 
surgery, which can affect the survival of the patient, recurrence 
of the tumor, and the incidence of metastasis. In the present 
study, radiotherapy decreased the hazard of death in patients 
who received this treatment compared to others. Several stud-
ies have shown that the hazard of recurrence can be reduced 
with radiotherapy by BCS.40,41 The study of Daugherty et al.11 
suggested that radiotherapy enhances survival. Eighteen stud-
ies in the systematic review by Whelan et  al.42 showed that 
radiotherapy reduces the hazard of death.

In our study, grade 2 and 3 tumor increased the hazard of 
death compared to grade 1. Also, in other studies, higher grade 
tumor has been introduced as a prognostic factor for sur-
vival.43-45 In a study by Rezaianzadeh et  al.,38 the hazard of 
death was double with the increase in tumor grade. In a 
review of the literature published between 1995 and 2006, 
Soerjomataram et al.37 concluded that tumor grade is one of 
the most important factors in the long-term survival of breast 
cancer patients. Grade 3 malignancy shows no distinction 
between cancer cells and healthy cells, which is an indication of 
the spread and growth of cancer cells.

The average age of the patients was 48.86 years, which is 
similar to other studies in Iran that have reported an average 
age of breast cancer patients between 45 and 50 years,34 and 
this is lower than those in Western Europe and North 
America.46 In the present study, age was recognized as a prog-
nostic factor for survival in 2 centers and suggested that 
increasing age increases the hazard of death. Previous studies 
have reported different outcomes about the significance of the 
effect of age.47,48 Heydari studied the 5-, 10-, and 15-year sur-
vival rate in breast cancer among 863 patients who referred 
between 2001 and 2006. In their study, the age of breast cancer 
diagnosis was 46.3 years and the survival rate had a significant 
negative relation to the age of diagnosis.47

The size of the tumor and recurrence were significant only 
at center C that indicated an increase in tumor size and recur-
rence increases the hazard of death. Many studies have identi-
fied these factors as risk factors for death in breast cancer.44,49 
One of the reasons for the insignificance of tumor size in the 
other centers could be that any size of the tumor has been dis-
sected in the surgery, and if the large size of the tumor was 
indicative of the progression of the disease, this could be 
expressed by factors such as the grade of the tumor.
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One of the limitations of this study was failure to measure 
some variables, such as family history, marital status, estrogen 
and progesterone receptors, and other factors addressed in all 
health studies, and because of this reason, it was not possible to 
be analyzed in our multicenter study.

Based on this multicenter study, the type of surgery, number 
of lymph nodes involved, metastasis, radiotherapy, and the 
tumor grade are the prognostic factors survival in breast cancer. 
Consequently, early diagnosis of cancer before the involvement 
of lymph nodes and the onset of metastasis and timely treat-
ment can lead to longer life and increase the quality of life for 
patients. Also, the significance of frailty term showed there was 
significant variability between the centers.

Acknowledgements
This study was part of a AY’s PhD thesis supported by Tehran 
University of Medical Sciences.

Author Contributions
AY, HZ and MY designed the model and the computational 
framework and analyzed the data. AY wrote the manuscript 
with support from HZ and MY. SH and AK contributed to 
sample preparation. All authors discussed the results and con-
tributed to the final manuscript. All authors have read and 
approved the manuscript.

ORCID iD
Akram Yazdani  https://orcid.org/0000-0002-8353-1653

References
	 1.	 Cancer IAfRo. Latest global cancer data: Cancer burden rises to 18.1 million 

new cases and 9.6 million cancer deaths in 2018. September, 2018. https://www.
iarc.fr/wp-content/uploads/2018/09/pr263_E.pdf.

	 2.	 Kolahdoozan S, Sadjadi A, Radmard AR, Khademi H. Five common cancers in 
Iran. Arch Iran Med. 2010;13:143-146.

	 3.	 Coleman MP, Quaresma M, Berrino F, et al. Cancer survival in five continents: 
a worldwide population-based study (CONCORD). Lancet Oncol. 2008;9: 
730-756.

	 4.	 Abedi G, Janbabai G, Moosazadeh M, Farshidi F, Amiri M, Khosravi A. Sur-
vival rate of breast cancer in Iran: a meta-analysis. Asian Pac J Cancer Prev. 
2016;17:4615-4621.

	 5.	 Khodabakhshi R, Reza Gohari M, Moghadamifard Z, Foadzi H, Vahabi N. 
Disease-free survival of breast cancer patients and identification of related fac-
tors. Razi J Med Sci. 2011;18:27-33.

	 6.	 Roué T, Labbé S, Belliardo S, Plenet J, Douine M, Nacher M. Predictive factors 
of the survival of women with invasive breast cancer in French Guiana: the bur-
den of health inequalities. Clin Breast Cancer. 2016;16:e113-e118.

	 7.	 Ghadimi M, Mahmoodi M, Mohammad K, Zeraati H, Rasouli M, Sheikhfath-
ollahi M. Family history of the cancer on the survival of the patients with gastro-
intestinal cancer in northern Iran, using frailty models. BMC Gastroenterol. 2011; 
11:104.

	 8.	 Yazdani A, Dorri S, Atashi A, et al. Bone metastasis prognostic factors in breast 
cancer. Breast Cancer: Basic and Clinical Research. 2019;13:1-7. doi:10.1177/ 
1178223419830978.

	 9.	 Vahdaninia M, Montazeri A. Breast cancer in Iran: a survival analysis. Asian 
Pacific Journal of Cancer Prevention. 2004;5:223-225.

	10.	 Faradmal J, Talebi A, Rezaianzadeh A, Mahjub H. Survival analysis of breast 
cancer patients using Cox and frailty models. J Res Health Sci. 2012;12: 
127-130.

	11.	 Daugherty EC, Daugherty MR, Bogart JA, Shapiro A. Adjuvant radiation 
improves survival in older women following breast-conserving surgery for estro-
gen receptor–negative breast cancer. Clin Breast Cancer. 2016;16:500-506.

	12.	 Quan ML, Paszat LF, Fernandes KA, et al. The effect of surgery type on survival 
and recurrence in very young women with breast cancer. J Surg Oncol. 2017;115: 
122-130.

	13.	 Li R, Zhang K, Siegal GP, Wei S. Clinicopathological factors associated with 
survival in patients with breast cancer brain metastasis. Hum Pathol. 2017;64: 
53-60.

	14.	 Hougaard P. Frailty models for survival data. Lifetime Data Anal. 1995;1: 
255-273.

	15.	 Duchateau L, Janssen P. The Frailty Model. New York, NY: Springer Science & 
Business Media; 2007.

	16.	 Clayton DG. A model for association in bivariate life tables and its application in 
epidemiological studies of familial tendency in chronic disease incidence. 
Biometrika. 1978;65:141-151.

	17.	 Clayton D, Cuzick J. Multivariate generalizations of the proportional hazards 
model. J R Stat Soc Ser A: G. 1985;148:82-108.

	18.	 Hougaard P. Analysis of Multivariate Survival Data. New York, NY: Springer 
Science & Business Media; 2012.

	19.	 Therneau TM, Grambsch PM. Modeling Survival Data: Extending the Cox 
Model. New York, NY: Springer Science & Business Media; 2013.

	20.	 Duchateau L, Janssen P, Lindsey P, Legrand C, Nguti R, Sylvester R. The shared 
frailty model and the power for heterogeneity tests in multicenter trials. Comput 
Stat Data An. 2002;40:603-620.

	21.	 Duchateau L, Janssen P, Kezic I, Fortpied C. Evolution of recurrent asthma 
event rate over time in frailty models. J R Stat Soc C: Appl. 2003;52:355-363.

	22.	 Duchateau L, Janssen P. Penalized partial likelihood for frailties and smoothing 
splines in time to first insemination models for dairy cows. Biometrics. 2004;60: 
608-614.

	23.	 Bozdogan H. Model selection and Akaike’s information criterion (AIC): the 
general theory and its analytical extensions. Psychometrika. 1987;52:345-370.

	24.	 Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and 
powerful approach to multiple testing. J R Stat Soc B: Met. 1995;57:289-300.

	25.	 Mansourian M, Yazdani A, Faghihimani E, Aminorraya A, Amini M, Jafari-
Koshki T. Factors associated with progression to pre-diabetes: a recurrent events 
analysis [published online ahead of print June 22, 2018]. Eat Weight Disord. 
doi:10.1007/s40519-018-0529-7.

	26.	 Wienke A. Frailty Models in Survival Analysis. Boca Raton, FL: Chapman and 
Hall/CRC Press; 2010.

	27.	 Govindarajulu US, Malloy EJ. Evaluating treatment effect in multicenter tri-
als with small centers using survival modeling. Int J Stat Med Res. 2015;4: 
8-25.

	28.	 Hartmann-Johnsen OJ, Kåresen R, Schlichting E, Nygård JF. Better survival 
after breast-conserving therapy compared to mastectomy when axillary node sta-
tus is positive in early-stage breast cancer: a registry-based follow-up study of 
6387 Norwegian women participating in screening, primarily operated between 
1998 and 2009. World J Surg Oncol. 2017;15:118.

	29.	 Litière S, Werutsky G, Fentiman IS, et al. Breast conserving therapy versus mas-
tectomy for stage I–II breast cancer: 20 year follow-up of the EORTC 10801 
phase 3 randomised trial. Lancet Oncol. 2012;13:412-419.

	30.	 Hartmann-Johnsen OJ, Kåresen R, Schlichting E, Nygård JF. Survival is better 
after breast conserving therapy than mastectomy for early stage breast cancer: a 
registry-based follow-up study of Norwegian women primary operated between 
1998 and 2008. Ann Surg Oncol. 2015;22:3836-3845.

	31.	 Hofvind S, Holen Å, Aas T, Roman M, Sebuodegård S, Akslen LA. Women 
treated with breast conserving surgery do better than those with mastectomy 
independent of detection mode, prognostic and predictive tumor characteristics. 
Eur J Surg Oncol. 2015;41:1417-1422.

	32.	 Baghestani A, Moghaddam S, Majd H, Akbari M, Nafissi N, Gohari K. Sur-
vival analysis of patients with breast cancer using Weibull parametric model. 
Asian Pac J Cancer Prev. 2015;16:8567-8571.

	33.	 Movahedi M, Haghighat S, Khayamzadeh M, et al. Survival rate of breast can-
cer based on geographical variation in Iran, a national study. Iran Red Crescent 
Med J. 2012;14:798-804.

	34.	 Nematolahi S, Rezaianzadeh A, Zare N, Akrami M, Tahmasebi S. Prognostic 
factors of breast cancer survival in the Islamic Republic of Iran: an additive 
empirical Bayesian approach. Eastern Mediterr Health J. 2018;23:721-728.

	35.	 Fisher ER, Anderson S, Tan-Chiu E, Fisher B, Eaton L, Wolmark N. Fifteen-
year prognostic discriminants for invasive breast carcinoma: National Surgical 
Adjuvant Breast and Bowel Project Protocol-06. Cancer. 2001;91:1679-1687.

	36.	 Hatteville L, Mahe C, Hill C. Prediction of the long-term survival in breast can-
cer patients according to the present oncological status. Stat Med. 2002;21: 
2345-2354.

	37.	 Soerjomataram I, Louwman MW, Ribot JG, Roukema JA, Coebergh JW. An 
overview of prognostic factors for long-term survivors of breast cancer. Breast 
Cancer Res Treat. 2008;107:309-330.

	38.	 Rezaianzadeh A, Peacock J, Reidpath D, Talei A, Hosseini SV, Mehrabani D. 
Survival analysis of 1148 women diagnosed with breast cancer in Southern Iran. 
BMC Cancer. 2009;9:168.

https://orcid.org/0000-0002-8353-1653
https://www.iarc.fr/wp-content/uploads/2018/09/pr263_E.pdf
https://www.iarc.fr/wp-content/uploads/2018/09/pr263_E.pdf


10	 Breast Cancer: Basic and Clinical Research ﻿

	39.	 Karimi A, Delpisheh A, Sayehmiri K. Application of accelerated failure time 
models for breast cancer patients’ survival in Kurdistan Province of Iran. J Cancer 
Res Ther. 2016;12:1184-1188.

	40.	 McGale P, Taylor C, Correa C, et al. Effect of radiotherapy after mastectomy 
and axillary surgery on 10-year recurrence and 20-year breast cancer mortality: 
meta-analysis of individual patient data for 8135 women in 22 randomised trials. 
Lancet. 2014;383:2127-2135.

	41.	 Wang H, Zhang C, Kong L, Zhu H, Yu J. Better survival in PMRT of female 
breast cancer patients with> 5 negative lymph nodes: a population-based study. 
Medicine. 2017;96:e5998.

	42.	 Whelan TJ, Julian J, Wright J, Jadad AR, Levine ML. Does locoregional radia-
tion therapy improve survival in breast cancer? A meta-analysis. J Clin Oncol. 
2000;18:1220-1229.

	43.	 Seneviratne S, Campbell I, Scott N, Lawrenson R, Shirley R, Elwood J. Risk 
factors associated with mortality from breast cancer in Waikato, New Zealand: a 
case-control study. Public Health. 2015;129:549-554.

	44.	 dos Santos Figueiredo FW, Schoueri JHM, Almeida TCDC, de Carvalho 
LEW, Adami F. Risk factors for breast cancer mortality: evidence from Brazil. 
Breast J. 2018;24:1129-1131.

	45.	 Rottenberg Y, Naeim A, Uziely B, Peretz T, Jacobs JM. Breast cancer among 
older women: the influence of age and cancer stage on survival. Arch Gerontol 
Geriatr. 2018;76:60-64.

	46.	 Ma J, Jemal A. Breast cancer statistics. In: Ahmad A, ed. Breast Cancer Metastasis 
and Drug Resistance. New York, NY: Springer; 2013: 1-18.

	47.	 Heydari ST, Mehrabani D, Tabei S, Azarpira N, Vakili M. Survival of breast 
cancer in southern Iran. Iran J Cancer Prev. 2009;2:51-54.

	48.	 Mousavi SM, Mohagheghi MA, Mousavi-Jerrahi A, Nahvijou A, Seddighi Z. 
Outcome of breast cancer in Iran: a study of Tehran Cancer Registry data. Asian 
Pac J Cancer Prev. 2008;9:275-278.

	49.	 Giordano SH, Buzdar AU, Smith TL, Kau SW, Yang Y, Hortobagyi GN. Is 
breast cancer survival improving? Trends in survival for patients with recurrent 
breast cancer diagnosed from 1974 through 2000. Cancer. 2004;100:44-52.




