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Abstract

of patients with BC.

effects.

Background: Breast cancer (BC) is the most leading cause of cancer and the second most common cause of cancer-related death
among females worldwide. The survival time of the disease and its risk factors are important for physicians.
Objectives: The current study aimed at applying the Cox, cure, and frailty models to identify the risk factors related to the survival

Methods: The current historical cohort study investigated 499 patients with a confirmed diagnosis of BC, from March 2010 to March
2014, and followed-up to March 2015 in Besaat hospital in Tehran, Iran. The Cox regression, cure, and frailty models were used for
the survival analysis (SA) of the patients. Data analysis was carried out by R3.2.2 software.

Results: The mean (= SD) age of the patients was 50.39 (£ 11.13) years and the mean survival time was 53.44 months (95% CI: 51.41-
55.48). Inaddition, the 1-year overall survival rate was 0.92(95% CI: 0.89-0.94). Age atdiagnosis, tumor size,and metastasis covariates
were significant in all models (P < 0.05). Stage covariate were significant in frailty, cure, and failure time distribution model (P <
0.001). Familial history (P = 0.016) and pathology (P = 0.012) were significant only in the frailty model.

Conclusions: The cure and frailty models were better than the Cox model to estimate the parameters. When some patients have
a long-term survival, cure models can be an interesting method to study survival and also describe the short-term and long-term

Keywords: Survival Analysis, Breast Cancer, Cox Proportional Hazards Models, Cured Model

1. Background

Breast cancer (BC) is the most leading cause of death
after non-melanoma skin cancer (1), and the second most
common cause of cancer-related death among females
worldwide (2, 3). In recent years, approximately 1.7 mil-
lion new cases were diagnosed annually and 0.5 million
deaths (per year) were caused by BC worldwide (3, 4). In
the US, BC caused approximately 231 000 newly diagnosed
cases and about 40 000 deaths (17.3%) in 2015 (5, 6). In Iran,
BC is the most frequent cancer among malignancies in fe-
males and it caused 24.4% of all neoplasms with an inci-
dence rate of 17.81in 2006 (6). There are many risk factors
related to BC such as older age (55 years and above), ge-
netic risk factors (BRCA1 and BRCA2), a positive family his-
tory, late menopause, early menstruation, using oral con-
traceptive pill (OCP), prolonged nulliparity, hormone re-
placement therapy (HRT) after menopause, obesity after
menopause, and alcohol use (7, 8). For metastasis of BC,
there are several prognostic and predictive factors such as

high tumor grade, lack of estrogen-receptor (ER) expres-
sion, over expression of human epidermal growth factor
receptor 2 (HER2), and large tumor size (9). Despite some
developments in systemic neoadjuvant or adjuvant ther-
apies such as chemotherapy, radiotherapy, and hormonal
therapy that can largely improve the prognosis of BC in re-
cent years, the survival outcomes of patients with BC, es-
pecially in the elderly and the patients with long-term use
of oral contraceptives, are still not optimistic (3). Due to
the advances in early detection and the understanding of
the molecular bases of the BC biology, the majority of pa-
tients are diagnosed at the early stage and a 5-year survival
rate after treatment is nearly 90% (3), but the disease is re-
current in almost 30% of females with early-stage BC (1).
Approximately one-third of the patients after surgery have
the outcome of local recurrence and/or distant metasta-
sis. Both local recurrence and distant metastasis tend to
decrease the survival time in patients with BC. Recurrence
of BC has a major role in cancer-related deaths in patients
and overall survival after occurrence of metastasis is even
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shorter (9). As cancer survival is a key index of the over-
all effectiveness of health services to manage patients (10),
therefore, identifying the BC risk factors is important to de-
termine therapeutic and preventive strategies to improve
overall survival of patients and also their disease-free sur-
vival (DFS).

In time-to-death studies, survival analysis is used as a
statistical method to study and model the relationship be-
tween therisk factors of the disease (11, 12). In survival anal-
ysis of medical data, using the Cox regression model, also
named the Cox proportional hazard model, is most popu-
lar (11-14); compared with parametric models, it relies on
fewer assumptions (11,14).

Plateaus at tails of survival curves or long plateaus at
survival plots lead to failure in the assumption of propor-
tional hazards. In this case, cure models can be used to
determine risk factors with either short-term or long-term
effects (15). This model can be used in medical research,
especially in breast cancer studies (16). Regardless of pro-
portionality of hazards (as a fundamental assumption), a
restriction of this model occurs with time-dependent co-
variate. In this case, misleading effect estimates can be re-
sulted (12, 17). For time variable model, frailty model can
be used. It is a random-effects model, where the random
effect (the frailty) has a multiplicative effect on the haz-
ard. Indeed, it is an extension of the proportional hazards
model in which the hazard function depends on an un-
observable random quantity, which acts multiplicatively
(18). However, using appropriate survival models to ana-
lyze data, non-misleading effect (regression coefficient) es-
timates can be derived.

2. Objectives

The current study aimed at applying the Cox, cure, and
frailty models to determine the risk factors related to the
survival of patients with BC.

3. Methods

The current historical cohort study was carried out
at Besaat Nahaja general hospital in Tehran, Iran. Fe-
males with a confirmed diagnosis of BC who underwent
either MRM (modified radical mastectomy) or BCS (breast-
conserving surgery) from March 2010 to March 2014 were
enrolled in the study. Only the patients with a non-
metastatic condition (M0) at the diagnosis time were in-
cluded. Patients with missing information on important
prognostic factors or unknown current status were ex-
cluded. All patients had undergone adjuvant therapy after
surgery and were followed-up to March 2015. According to

these criteria, 499 females were enrolled in and 47 patients
were excluded from the study. All data were gathered by a
single observer. The research ethics committee of Univer-
sity of social welfare and rehabilitation sciences approved
the study (code no. : IRUSWR.REC.1395.1).

3.1. Characteristics of Data

The following variables at the time of diagnosis were
selected and analyzed based on the expert medical opin-
ion and review articles: age, ethnicity (Fars, other), job sta-
tus (housewife, other), level of education (illiterate, pri-
mary and secondary, and postsecondary school), kind of
surgery (radical mastectomy, breast saving), type of treat-
ment (hormone therapy, chemotherapy, and radiother-
apy), progesterone receptor (PR), estrogen receptor (ER),
histological tumor grade (I, II, III), tumor size, stage of
disease (I, II, I, IV), metastasis (no, yes), human epider-
mal growth factor receptor 2 (HER2), progesterone recep-
tor (PR) at initial diagnosis, pathology (invasive ductal car-
cinoma (IDC), ductal carcinoma in situ (DCIS) and lymph
node ratio (LNR). LNR was calculated as the percentage of
involved lymph nodes to total lymph nodes excised by the
surgeon. Overall follow-up time was considered from the
date of treatment to the date of death (ie, event) or censor-
ing (ie, alive).

3.2. Statistical Analysis

Descriptive statistical analysis was carried out to ex-
plore the patient and disease characteristics using mean +
SD for continuous variables, median (for times), and also
frequency table for categorical variables. To analyze the
data; first, the Kaplan-Meier estimator was used to quan-
tify the median follow-up time and also as the empirical
evidence of cure (Presence of a long and stable plateau
with heavy censoring at the tail of the Kaplan-Meier plots
indicated as the empirical evidence of cure.) (16). Then,
the proportional Cox regression model was used to ana-
lyze the survival times. After univariate analysis, all sig-
nificant factors were analyzed using multiple analyses. Fi-
nally, gamma frailty model with exponential baseline haz-
ard distribution and also cure model were used to analyze
the data. A P value < 0.05 was considered statistically sig-
nificant. All statistical analyses were conducted using surv-
fit, CoxPH, smcure and parfm packages in R software, ver-
sion 3.2.2.

4. Results

Atotal of 499 females with BC were included in the cur-
rent analysis. The mean = SD for age at the time of diagno-
sis was 50.39 =+ 11.19 years. In addition, the mean =+ SD for
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tumor size was 3.60 % 3.0 mm. Of the 499 patients, 85.0%
were housewives, 91.2% had no familial history, 67.5% were
Fars ethnicity, 52.7% had postsecondary education, 63.3%
were in stage II, 53.3% were in grade III, 77.4% had no metas-
tasis, 54.3% were negative for Her2, 61.5% carried LNI, 66.1%
had ER+and PR+, 88.0% had DCIS, 66.7% received hormonal
therapy (HoR+), 89% undergone radiotherapy, 97.8% un-
dergone chemotherapy, and only 26.9% of the patients un-
dergone breast conserving surgery (Table 1). In the current
study, 113 (22.6%) patients died of BC until March 2015. Mean
survival time was 53.44 months (95% CI:51.41-55.48). Using
the life-table method, the 1-year overall survival rate was
0.92(95% CI: 0.89 - 0.94). Figure 1 shows a long and stable
plateau with heavy censoring, which means cure.
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Figure 1. The Kaplan-Meier Survival Curve of the Patients with BC

In univariate analysis of age at diagnosis, tumor size,
employment, level of education, stage of the disease,
metastasis, and pathology had a statistically significant ef-
fect on the survival of patients with BC (Table 1). Multivari-
ate analysis was used for all biological, clinical, and patho-
logical variables. The results of CoxPH and frailty model are
presented in Table 2. The Kaplan-Meier plots for survival
function of patients with BC indicate that there may be a
long plateau (with some long-term survivors); ie, there is
an evidence of cure (Figure 1). Therefore, the results of cure
probability and failure time distribution models are pre-
sented in Table 3.

According to the results of multivariate analysis pre-
sented in Table 2, in the CoxPH model, age at diagnosis (P
< 0.001), tumor size (P = 0.001) and metastasis (P < 0.001)
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covariates, and in frailty model age at diagnosis (P=0.003),
tumor size (P < 0.001), familial history (P = 0.016), stage
III (P = 0.005) and IV (P < 0.001), metastasis (P < 0.001),
and DCIS pathology (P = 0.012) had a statistically signifi-
cant effect on the survival of patients with BC. In addition,
according to the results of multivariate analysis presented
in Table 3, in cure probability model, age at diagnosis (P
= 0.003), tumor size (P < 0.001), stage IV (P < 0.001) and
metastasis (P < 0.001) covariates had a statistically signif-
icant effect on cure of the patients with BC; and in failure
time distribution model, tumor size (P = 0.003), stage IV
(P = 0.028), and metastasis (P = 0.001) had a statistically
significant effect on the death of patients with BC. In cure
model, the hazard ratio estimate for tumor size was HR =
exp (0.315) =137, adjusted for other variables; it means that
the tumor size had a hazard rate about1.37 times more than
that of the event, if 1 unit increased in the tumor size. The
hazard ratio estimate for stage IV was HR = exp (0.945) =
2.57. It means that the stage IV had a hazard rate about
2.8 times more than that of the stage I on the hazard of
the event. The hazard ratio estimate metastasis was HR =
exp (3.26) = 26.05. It means that the metastasis group had
a hazard rate about 26 times more than that of the non-
metastasis group on the hazard of the event.

Finally, the standard errors (SE) in cure and frailty mod-
els were better than the Cox model (Tables 2 and 3).

5. Discussion

BC is second most common cause of cancer related
death (2, 3), which has high incidence rate among females
worldwide (4). In many studies, the CoxPH model was used
as a standard method to determine the prognostic factors
of survival of patients with BC. However, this method can-
not support long-term survival (19). Now, if a model as-
sesses the risk factors for long-term survival, it is more ap-
propriate. In the current paper, the CoxPH, frailty, and cure
models were used to analyze the survival of patients with
BC and their results were reported.

The mean age of the patients in the current study was
50.4 years (median = 51 years), consistent with other stud-
ies from Iran (9, 20-22) and also similar to that of Arab
nations (23). In the current study, age was a significant
factor for the survival of patients with BC in all models.
Compared with Western countries, Iranian females had a
higher risk of developing breast cancer in their middle age
(24). This may be due to young population structure of the
LR. Iran and also lower age at the first pregnancy (average
of 28 years) (25).

Metastasis and tumor size covariates were the signifi-
cant risk factors in all models. These risk factors were also
reported as significant factors in other studies (9, 10, 20,
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Table 1. Characteristics of Patients with BC and Their Association with Survival Time Using Univariate Analysis®

Risk Factors Levels No. (%) Estimate SE PValue
Age Mean = SD, median 50.39 + 1119, 51.0 0.041 0.100 < 0.001
Tumor size Mean = SD, median 3.60 1= 2.37,3.0 0.225 0.026 < 0.001
Housewife 424 (85.0)
Job status
Employee 75(15.0) 0.427 0329 0.194
No 455(91.2)
Familial history
Yes 44(8.8) 0.563 0335 0.093
Fars 337(67.5)
Ethnicity
Other 162 (32.5) 0.050 0.225 0.823
Illiterate 42(8.4)
Level of education Primary and secondary school 194 (38.9) -0.890 0.345 0.009
postsecondary school 263 (52.7) 0.879 0.338 0.001
I 77(15.5)
11 316 (63.3) 0.217 0333 0.515
Stagea
11 87(17.4) 1115 0359 0.002
% 19 (3.8) 2,575 0.429 < 0.001
I 26(5.2)
Grade it 207(41.5) 0352 0.570 0.538
111 266 (53.3) 1.002 0.561 0.074
No 386(77.4)
Metastasis
Yes 113 (22.6) 2.464 0.212 < 0.001
Negative 271(54.3)
Her2
Positive 228 (45.7) -0.341 0.225 0.129
No 192 (38.5)
LNI
Yes 307(61.5) -0.034 0.219 0.878
Negative 169 (33.9)
ERand PR
Positive 330(66.1) -0.327 0.218 0.134
IDC 60 (12.0)
Pathology
DCIS 439(88.0) 1.235 0.448 0.006
Negative 166 (33.3)
HoR
Positive 333 (66.7) -0.371 0.218 0.089
Without 55 (11.0)
Radiotherapy
With 444 (89.0) 0.427 0348 0219
Without 11(2.2)
Chemotherapy
With 488(97.8) -0.304 0.673 0.651
Radical Mastectomy 365(73.1)
Kind of surgery
Breast saving 134 (26.9) -0.290 0.267 0.277

Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HoR, hormone receptor; IDC, invasive ductal carcinoma; LNI, lymph node involvement; PR, proges-
terone receptor.
? Stage classification according to 7th edition of AJCC staging.
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Table 2. Survival Analysis of Patients with BC Using Multivariate Survival Analysis®

Risk Factors Levels CoxPH Model Frailty Modela
Estimate SE PValue Estimate SE PValue
Age 0.047 0.012 < 0.001 0.032 0.011 0.003
Tumor size 0.240 0.072 0.001 0.205 0.030 < 0.001
Housewife
Job status
Employee 0.336 0.339 0.322 0.421 0.336 0.210
No
Familial history
Yes 0.464 0.307 0.130 0.718 0.299 0.016
Fars
Ethnicity
Other 0.162 0.220 0.461 0.135 0.21 0.523
Illiterate
Level of education Primary and secondary -0.467 0306 0.127 -0.562 0.288 0.051
postsecondary -0.088 0.339 0.794 -0.301 0.309 0329
I
11 -0.207 0.368 0.575 0.190 0.339 0.574
Stage
III -0.120 0.495 0.809 1.052 0.372 0.005
v -0226 0.794 0.776 2305 0.473 < 0.001
I
Grade I -0.316 0.553 0.567 -0.531 0.540 0.325
111 -0.344 0.545 0.528 -0.544 0.536 031
No
Metastasis
Yes 2.470 0.225 < 0.001 2374 0.213 <0.001
Negative
Her2
Positive -0.322 0.212 0.129 -0.167 0.195 0.393
No
LNI
Yes -0.327 0.223 0.143 -0.321 0.196 0.101
Negative
ERand PR
Positive 1.580 293 0.995 -0.272 0.193 0.158
IDC
Pathology
DCIS 0.183 0.528 0.728 1412 0.559 0.012
Negative
HoR
Positive -0.162 293 0.995 -0.320 0.217 0.140
Without
Radiotherapy
With 0.201 0.470 0.669 -0.316 0.482 0.512
Without
Chemotherapy
With -0.569 0.739 0.441 -0.283 0.773 0.714
Radical mastectomy
Kind of surgery
Breast saving 0.339 0.261 0.193 -0.257 0.264 0.330

2 Survival frailty model was conducted using gamma frailty distribution with exponential baseline hazard distribution.
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Table 3. Cure Probability and Failure Time Distribution Model to Analyze the Survival of Patients with BC

Cure Probability Model Failure Time Distribution Model
Risk Factors Levels Estimate SE P Value Estimate SE PValue
Age 0.070 0.023 0.003 0.025 0.017 0.150
Tumor size 0.315 0.095 < 0.001 0.162 0.055 0.003
Housewife
Job status
Employee -0.060 0.295 0.840 -0.110 0.418 0.793
No
Familial history
Yes 0.555 0.488 0.255 0.448 0.432 0.299
Fars
Ethnicity
Other 0.152 0.316 0.631 -0.246 0.382 0.520
Illiterate
Level of education Primary and secondary 0.152 0316 0.631 0.214 0.291 0.464
postsecondary 0.098 0.165 0.554 0.168 0.240 0.484
1
I 0.521 0.368 0.887 -0.225 0.360 0.532
Stage
11T 0.058 0.264 0.827 0.219 0.449 0.625
v 0.945% 0.209 < 0.001 0.994 0.451 0.028
1
Grade I -0.420 0.248 0.0.90 -0.189 2329 0.935
111 -0.146 0.192 0.446 -0.737 2.292 0.748
No
Metastasis
Yes 3.260 0.298 < 0.001 1590 0.469 0.001
Negative
Her2
Positive -0.182 0.435 0.677 -0.094 0.231 0.685
No
LNI
Yes -0.558 0.424 0.188 -0.304 0.280 0.277
Negative
ER and PR
Positive -0.409 0.437 0.350 -0.083 0301 0.782
IDC
Pathology
DCIS 0.580 0.604 0.337 0.951 0.645 0.140
Negative
HoR
Positive -0.363 0.293 0.216 0.951 0.645 0.140
Without
Radiotherapy
With 0.651 0.443 0.142 -0.193 0.494 0.696
Without
Chemotherapy
With -0.459 0.548 0.402 -0.249 1109 0.822
Radical mastectomy
Kind of surgery
Breast saving 0.261 0.360 0.470 -0.128 0.319 0.687

? The hazard ratio estimate for stage IV was HR = exp (0.945)=2.57. It means that the stage IV had a hazard rate about 2.8 times more than that of the stage I on the hazard
of the event.
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22,26). In these cases, some studies suggested a linear and
others suggested a nonlinear effect of tumor size (27). It
is mentioned that some studies reported that tumor size
increased the risk of metastasis in patients with BC (20, 28-
30).

Stage covariate was a significant risk factor in cure and
frailty models. This risk factor was also reported as a signif-
icant factor in other studies (9, 13, 20, 26).

Family history and pathology covariates were signifi-
cant only in the frailty model. These risk factors were also
reported as significant factors in other studies from Iran
(20,31) and USA (30).

Use of adjuvant chemotherapy tends to increase in
cure fraction, particularly for the oldest age group. Huang
for the first time estimated the cure fraction for the pa-
tients with ER breast cancer (32). The cure fraction was 58%
(26),20% (33), and was estimated 68% in the current study.
This controversy may be due to different follow-up inter-
vals.

In the current study, other covariates had no signifi-
cant effects on the survival of patients with BC. Some of
theserisk factors, such as ERand PR, HoR, and Her2, are still
controversial and a number of studies reported their im-
portance (34-37).

It was mentioned that the results of the cure models
can provide estimates of the probability of being a long-
term survivor, which the other models cannot. For cancers
in which some patients may have a long and stable plateau
with heavy censoring, the cure models can be an interest-
ing method to analyze data (12).

5.1. Limitation

All data were collected retrospectively. The sample size
in the current study was related to the armed forces and
their families. In the current study, it was assumed that
patient censoring was not related to the BC death. In ad-
dition, an increase in the follow-up time (in years) may
make stronger results for BC survival parameters in the
cure model.

5.2. Conclusion

Cure models are an underused statistical tool and not
yet very popular in the survival studies on cancer. This sta-
tistical method could be useful for a wide range of can-
cers such as head and neck, colon cancer, stomach, breast,
etc. However, when some patients are the long-term sur-
vivors, cure models can be interesting methods to study
survival and also describe their short-term and long-term
effects. The current study showed that the tumor size had
an increased effect on the hazard of the event, adjusted for
other variables. In addition, stage IV of the disease and also

Iran Red Crescent Med J. 2017;19(7):€55575.
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metastasis increased the effects on the hazard of the event.
Finally, a large cohort study of BC survival and comparison
between cure fractions in different categories is suggested.
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