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Abstract

Introduction: In analyzing time-to-event data, it is frequent that a proportion
of individuals will never experience the event of interest. Using the cured
models instead of standard ones for survival analysis will result in accurate
estimates for predicting survival time. This study aimed to estimate the effect
of potential risk factors on long-term and short-term survival of breast cancer
patients.

Methods: The study included 770 women diagnosed with early-stage breast
cancer and treated with either breast conserving therapy or modified radical
mastectomy with post-surgical radiation between 2005 and 2015. All study
participants were followed up until September 2022. The review of the medical
records of these patients was carried out at Shahid Sadoughi Hospital and the
Ramazan Zadeh Radiotherapy Center in Yazd. Kaplan-Meier method was used
to estimate disease-free survival and distant metastatic-free survival rates.
Distant metastasis and prognostic factors were modeled by Cox proportional
hazards and Semiparametric Mixture Cure models. Data analysis was done by
Rstudio software.

Results: In this study, 218(28.3%) patients died, and metastasis occurred in
198(25.7%) patients until the end of the follow-up period. Based on the
univariable and multivariable Semiparametric Mixture Cure model, the stage of
disease was significant, and the risk of short-term distant metastatic-free
survival for patients with stage Illa was 2.7 times higher than patients with
stage | and Il of disease through multivariable Semiparametric Mixture Cure
model.

Conclusion: The Semiparametric Mixture Cure model could estimate the long-
term and short-term distant metastatic-free survival based on prognostic
factors.
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Introduction

The most frequent complications following
breast cancer procedures, such as mastectomy
or lumpectomy, are the development of distant
metastasis (DM) or local/regional recurrence
(LR/RR). According to some studies, a
proportion of patients would never experience
these events based on different predictors (1).
In order to appropriately estimate of patients’
survival time, cure models have been extended
to take this heterogeneity into account (2). This
study attempted to determine the impact of
potential risk factors on breast cancer patient’s
long-term and short-term survival.

Materials & Methods

The early-stage breast cancer women treated
between 2005 and 2015 with modified radical
mastectomy (MRM) or breast conservative
therapy (BCT) and post-operative radiotherapy
were monitored until September 2022. All
patients were older than 18 years old, and
Shahid Sadoughi Hospital and the Ramazan
zadeh Radiotherapy Center in Yazd provided
their medical data. The overall survival and
distant metastatic-free survival (DMFS) rates
were estimated using the Kaplan-Meier
technique. Cox proportional hazard and
semiparametric mixture cure models were used
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to determine the effect of prognostic factors on
DMFS rates. R software was used for data
analysis.

Results

In total, 770 breast cancer patients with a mean
age of 48.14+11.08 years were studied, of
whom218 patients (28.3%) died, and 198
patients (25.7%) extended metastasis until the
end of the follow-up period. The univariable
Cox regression analysis based on DMFS time
revealed that patients younger than 35 years
old at surgery time, treated with MRM surgery,
with higher stage of disease (llla), with tumor
size larger than 5cm, with involvement lymph
nodes, and not using post-surgery radiotherapy
had the significant hazard ratio of 1.79(1.26-
2.56), 1.66(1.21-2.27), 2.49(1.5-4.13),
1.66(1.00-2.76), 2.28(1.44-3.61), and
5.03(3.24-7.79), respectively. According to
multivariable Cox regression analysis, stage
Illa of the disease was meaningful (p= 0.03),
and MRM surgery was moderately significant
(p= 0.08). The Kaplan-Meier estimation of
overall survival and DMFS represented a
plateau area at the end of the curve after 150
months, indicating that cure models should be
used for data analysis rather than the Cox
proportional hazard model.
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Figure 1-A: Kaplan-Meier estimation of overall survival of women with early-stage breast cancer,
1-B: Kaplan-Meier estimation of distant metastasis free-survival of women with early-stage breast cancer.

mixture cure model. In breast cancer patients,
stage Illa had a substantial impact on short-
term DMEFS time, and BCT surgery had 70%
greater odds of long-term DMFS time.

The hazard ratio of three significant prognostic
variables on the short-term estimation of
DMFS time and the odds of these variables on
the long-term estimation of DMFS time (odds
ratio) were estimated using a semiparametric
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Table 1: The short-term and long-term estimation of DMFS in early-stage of breast cancer patients

Variable Short-term survival Long-term survival
HR, (95% CI) P- Value OR (95%CI) P-value
Age at surgery time  <35yearsold 0.60 (0.13-1.09) 0.3 0.31 (0.26- 0.4) 0.08
>35yearsold  reference reference
Type of surgery MRM 0.64 (0.11-1.17) 04 0.35 (0.3- 0.43) 0.03
BCT reference reference
Stage of disease 1Ll reference reference
Ila 2.67(0.23-3.11) 0.02 1.04 (0.69-2.04) 0.93

Discussion

In this study, age less than 35 at surgery time,
MRM surgery, stage (llla) of breast cancer,
tumor size larger than 5cm, involvement
lymph nodes, and not receiving post-surgery
radiotherapy were significant in univariable
cox regression, and in multivariable Cox
regression, stage llla of breast cancer and
MRM surgery were significant. Another study
found that the patient’s age at surgery time,
advanced breast cancer, the number of lymph
nodes affected, ki67 greater than 15, and MRM
surgery all increased the risk of metastasis,
especiallyin cases of bone metastasis (3, 4).
According to the result of the semiparametric
cure model, stage Illa breast cancer could raise
the risk of metastasis 2.67 times in terms of
sort-time DMFS time, while BCT treatment
increased the odds of long-term DMFS time by
65% in comparison to MRM surgery. In a
study in Rafsanjan, stage Il and Ill breast
cancer had a significant effect on long-term
survival, and the type of surgery significantly
increased the risk of death in a mixture cure
model  (5). Larger tumor size and
chemotherapy  treatment increased the
likelihood of death in the short term, while
higher BMI, lymph node involvement, and
hormone therapy significantly increased
patients’ long-term survival in different studies
of breast cancer patients using the mixture cure
model (6).

Using cure models in breast cancer patients
through various procedure estimation appears
to have the potential to disclose the true impact
of each covariate on both short- and long-term
survival. Therefore, it is advised to start
evaluating the impact of numerous covariates
on overall survival or DMFS time through
various types of cure models rather than
traditional survival methods.

Conclusion

Stage Illa breast cancer had a considerable
impact on short-term DMFS time and can be
regarded as the primary cause of distant
metastasis. Additionally, patients undergoing
the BCT procedure had significantly long-term
DMFS times than patients undergoing the
MRM surgery.
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