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Abstract: (1) Background: Breast cancer (BC)—a leading cause of mortality in women globally—
accounts for more than two million cases annually. BC was the most common cancer in Taiwan in
2015 and ranks among the top 10 malignancies in Taiwan. (2) Methods: We established a collection of
BC survival and metastasis analyses using the Kaplan-Meier, logarithmic test, and Cox proportional
hazard models to investigate the association among BC stages, different treatment modalities, and
survival rate of patients with BC at various follow-up intervals. We also evaluated whether clinical
prognostic factors had univariate and multivariate effects on the survival of patients with BC. Finally,
we performed a metastasis analysis using the survival transition rate values of BC stages to develop a
Markov chain and semi-Markov simulation model for BC and BC metastasis analysis, respectively.
(3) Results: The Kaplan-Meier survival analysis revealed that the risk of BC treated with surgery
was lower than that of those who did not receive surgery and the recommended treatment methods
should be ranked by survival as follows: surgery, hormone therapy, chemotherapy, and radiation
therapy (in descending order of risk). This is attributed to the predicted survival rate which ranges
from 99.6% to 91.2%. Moreover, Cox’s treatment method considered the patient’s attributes and
revealed a significant difference (p = 0.001). The Markov chain analyses determined the chance
of metastasis at each stage, indicating that the lower the stage of BC, the greater the survival rate.
(4) Conclusions: Patients’ treatment is influenced by different BC stages, and earlier detection presents
better chances of survival and a greater probability of treatment success.

Keywords: breast cancer; Cox proportional hazard; Markov chain; semi-Markov chain; survival analysis

1. Introduction

Breast cancer (BC) is one of the most prevalent malignancies in women worldwide.
BC affects over two million women each year, with significant mortality rates in both
developing and developed nations. BC has surpassed lung cancer as the primary cause
of cancer mortality in women (accounting for 15% of all cancer fatalities). The yearly
incidence of BC in all countries has been increasing yearly, and what was once a priority
in Western countries has become a global issue [1]. Due to numerous factors, such as the
consumption of dietary fat, solvent and pesticide exposure have been regarded as potential
risk factors for breast cancer. However, the evidence for this is still unconvincing thus
far [2]. According to the National Health Agency’s cancer registration data, BC was the
most common cancer among women in Taiwan in 2017. There were 14,801 patients with
BC (per 100,000 population), with a crude incidence rate of 125.64 and an age-standardized
incidence rate of 87.54. BC was shown to be more common in females than in males, placing
first among the top 10 cancers. Since the patient population for each malignancy differs,
age standardization is employed to reduce the disparity in population makeup. As a result,
age may be objectively compared on the same basis. Furthermore, an analysis of data
from 2010 to 2014 reveals that the overall five-year survival rate of BC in Taiwan is more
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than 90%, as is the five-year survival rate of each stage. It has been shown that the higher
the stage of BC, the lesser the chance of survival. As a result, if BC is identified early, not
only may breast preservation surgery be performed but the five-year survival rate can
exceed 90% [3]. However, tumor size, nodal status, and expression of ER, PR, and human
epidermal growth factor receptor-2 play a role in the therapy of early-stage BC (HER?2) [4].

To ascertain the survival rate of BC, Ali-Gombe et al., 2021 [5] used Kaplan-Meier sur-
vival analysis to determine the survival time of patients with BC, and they also used Cox’s
proportional hazard model and log-rank test in their research. In another advancement,
Bsrat Tesfay [6] discovered the factors influencing the time to death among patients with
BC in his study using the Kaplan—-Meier survival curve with the log-rank test to assess
survival among predictor variables. The net effect of each independent variable was then
calculated using Cox regression. Despite this, significant progress has been achieved in
analyzing the survival of patients with BC and BC stages utilizing the aforementioned
statistical methods. As a result, early detection of BC demands a precise and trustworthy
procedure that allows clinicians to differentiate between benign and malignant tumors [7].

However, principles and methods related to the evaluation of prognostic factors are
not well established due to the fact that assessment of the prognostic factors has been
confounded by treatment [8].

The goal of this study is to establish a collection of BC survival and metastasis analyses.
First, the Kaplan—-Meier [9], logarithmic test, and Cox proportional hazard models [10]
were used to investigate the link between BC stages, different treatment modalities, and
the survival rate of patients with BC at various follow-up intervals. Second, we evaluated
whether clinical prognostic factors had univariate and multivariate effects on the survival
of patients with BC. Finally, we performed a metastasis analysis utilizing the survival
transition rate values of BC stages to develop a Markov chain model for BC and a semi-
Markov simulation model for BC metastasis analysis, respectively, to establish an objective
reference standard for treatment results and provide information to physicians to aid
in diagnosis.

2. Materials and Methods

The auxiliary BC survival analysis model was constructed as shown in Figure 1.
Briefly, we first analyzed the original data of the BC registry in a hospital in northern
Taiwan during 2005-2010 and then screened the patients with BC for gender, age, and
treatment methods. We then performed a chi-square analysis to determine the correlation
between the variables and their survival status [11]. We also employed the Kaplan-Meier
univariate survival analysis to investigate the survival time of patients with BC and used
the logarithmic test to determine whether it was significant. Finally, the Cox proportional
risk model was applied to analyze the predictive factors affecting the survival time, patient
characteristics, treatment method, and surgery. The Markov chain model of metastasis was
used to calculate the probability of BC reaching a stable state in the patients.

2.1. Breast Cancer Data

The data source of this study was obtained from the BC registry data of Northern
District Hospitals in Taiwan collected from 2005 to 2010 with a total of 2089 cases. 6 (0.3%)
men and 2083 (99.7%) women. The mean age of the study sample was 52.98 years (standard
deviation: 11.245 years and median: 52.00 years).
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Figure 1. Research architecture.

There were 6 (0.3%) males, 2083 (99.7%) females, 340 (16.3%) carcinomas in situ, 1749
(83.7%) invasive carcinomas; 257 (12.3%) well differentiated, and 844 (40.4%) moderately
differentiated, 775 (37.1%) patients with poor differentiation, unknown 213 (10.2%); 315
(15.1%) patients with clinical judgment at stage 0, 464 (22.2%) patients with stage 1, 371
(17.8%) patients with stage 1A, and stage 2A 640 (30.6%), 2B patients accounted for 160
(7.7%), 64 (3.1%) patients with stage 3A, 26 (1.2%) patients with stage 3B, 13 (1.6%) pa-
tients with stage 3C. 36 (1.7%) patients with 4th stage; 52 (2.5%) patients without surgical
treatment; 2037 (97.5%) patients with surgical treatment; 1040 (49.8%) patients without
radiotherapy, and 1027 (49.2%) patients with radiotherapy; 908 (43.5%) patients without
chemotherapy, 1179 (56.4%) patients with chemotherapy and 2 (0.1%) unknown; 578 (27.7%)
patients without hormone therapy, 1506 (72.1%) patients with hormone therapy, unknown
5 (0.2%); 2036 (97.5%) patients survived and 53 (2.5%) died as depicted in Table 1.
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Table 1. Basic attributes of breast cancer patients.
Variables Value (%) Variables Value (%)
Gender Behavior code
Male 6 (0.3%) Carcinoma in situ 340 (16.3%)
Female 2083 (99.7%) invasive Carcinoma 1749 (83.7%)
Age Graded differentiation
>45 years 1644 (78.7%) Well differentiated 257 (12.3%)
<45 years 445 (21.3%) moderate differentiation 844 (40.4%)
Poor differentiation 775 (37.1%)
Unknown 213 (10.2%)
Clinical Stage Pathological stage combination
0 315 (15.1%) 0 343 (16.4%)
1 464 (22.2%) 1 432 (20.7%)
1A 371 (17.8%) 1A 323 (15.0%)
2A 640 (30.6%) 2A 500 (23.9%)
2B 160 (7.7%) 2B 201 (9.6%)
3A 64 (3.1%) 3A 159 (7.6%)
3B 26 (1.2%) 3B 15 (0.7%)
3C 13 (0.6%) 3C 79 (3.8%)
4 36 (1.7%) 4 37 (1.8%)
Surgical Treatment Radiotherapy
No 52 (2.5%) No 1040 (49.8%)
Yes 2037 (97.5%) Yes 1027 (49.2%)
Chemotherapy Hormone Therapy
No 908 (43.5%) No 578 (27.7%)
Yes 1179 (56.4%) Yes 1506 (72.1%)
unknown 2 (0.1%) unknown 5 (0.2%)
Estrogen Receptor Test (ERA) Progesterone Receptor Test (PRA)
(=) Negative 532 (25.5%) (=) Negative 488 (23.4%)
(+) low positive 222 (10.5%) (+) low positive 480 (23.0%)
(+) medium Positive 297 (14.2%) (+) medium Positive 365 (17.5%)
(+) High Positive 829 (39.7%) (+) High Positive 542 (25.9%)
(+) Positive unknown 13 (0.6%) (+) Positive unknown 16 (0.8%)
Non-breast cancer patient 184 (8.8%) Non-breast cancer patient 185 (8.8%)
Condition unknown or undetected 12 (0.6%) Condition unknown or undetected 13 (0.6%)

Survival rate

Died
Survived

53 (2.5%)
2036 (97.5%)

2.2. Chi-Square Test

We analyzed the patient’s survival time, gender, treatment method, and other variables
to further understand the characteristics of the sample. A Chi-square test was applied to
investigate the existence of a significant relationship between the survival time and the
variables such as gender and treatment method (the correlation coefficient between the two
was zero), with p < 0.05 indicating a statistically significant relationship.

2.3. Kaplan—Meier Survival Analysis

Kaplan-Meier survival analysis considers the survival rate at each point in time, and
this is displayed simultaneously in a step-shaped function graph. Categorical variables
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such as gender, treatment, and age were used to calculate the cumulative survival rate and
then plot the survival curve separately, followed by comparing the survival rate of patients
with BC who received surgery with those who did not [12].

2.4. Logarithmic Test

We first created the survival curve using the Kaplan-Meier method to understand the
distribution of survival curves between different treatment modalities and then explored
the existence of significant differences in the survival curves between different treatment
modalities (p < 0.05). Sufficient evidence was accumulated to overturn the null hypothesis,
indicating that the two survival curves were significantly different.

2.5. Cox Proportional Risk Model

We first used the Cox proportional risk model to determine whether the variables
showed significant differences with respect to the prediction of survival time and risk and
then explored the impact of treatment methods (such as surgical treatment, radiotherapy,
and chemotherapy) on the patients’ survival. The survival analysis and risk assessment
ratio of the multivariate Cox proportional risk model test was performed with or without
surgical treatment, considering the pathological stage, diagnosis age, sexual status code,
grade differentiation, estrogen hormone receptor test, and progesterone hormone receptor
test, at (p < 0.05), indicating statistical significance.

2.6. Markov Chain BC Metastasis Model

In this study, the breast cancer status was classified into six stages: stage 0, stage 1,
stage 2, stage 3, stage 4, and death. Therefore, we applied a 6 x 6 Markov matrix.

The Markov matrix Pij indicates that the previous measurement of the health is the
status i, and the current measurement of the health index j is the probability value of the
changing status. The type of Markov matrix generated based on this concept is depicted in

Figure 2 and Equation (1).
1’11']'
pij = ﬁi, (1)

6 6
(1) X Zj:l nij =M
6
(2) ), Ni=M
6
(3) Zi:l pij =1
where 7;; indicates the number of people whose clinical stage 7 is converted to the patholog-
ical stage j. p;; indicates that the clinical stage i is a condition, and the pathological stage j is

converted to a condition with a probability of occurrence. M indicates the population and
Nj the total number of people.

Stage 0 Stagel Stage2 Stage3 Stage4 Death

Stage 0 Pu o P23 P14 i3 Pis
Stage 1 Py Pxn Pn Pu Pis Pas
A= Stage2 P! P P P P33 P3s
Stage 3 Dy Py Py Py Pys Py
Stage 4 Ps Psa Pss Py DPss Pss
Death |  Pg P Pg Dy P Pes

Figure 2. Markov chain matrix.
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Based on Equation (1) and the properties of Markov matrix, the transition of each
condition can be calculated in the long-term using Equation (2).

Y = A™X, )

n is the number of intervals, A is the metastasis probability matrix, X is the Markovian
metastasis matrix of the stages of breast cancer in the first year, and Y is the distribution
vector of breast cancer stages after n stages. According to the nature of Markov’s probability
transfer matrix, the multiplication of multiple probability transfer matrices will tend to
become more and more stable.

Therefore, in this study, n Markovian odds ratio matrices were multiplied together.
The final table Markovian odds ratio matrix Y was calculated over a long period, and the
population size of each final BC stage could be deduced from the odds ratio values in each
column of the matrix Y.

2.7. Half-Markov Chain

This section presents the detailed procedure of the multistate semiMarkov model
used in this study. The semiMarkov model process was mainly sourced from the model
developed by Listwon and Saint-Pierre (2013) [13], which is a “semiMarkov” software
package for R software 4.0.5 (Lucent Technologies, Murray Hill, NJ, USA) (https://www.r-
project.org/). There are two goals involved in this process: the first goal is the calculation
of the probability of each transition between the Markov state and, on the other hand, the
influence of the covariate on the transition. The semiMarkov model’s basic feature was to
dissect the problem into several different stages to study the phenomenon between state
transitions and evaluate metastasis events of BC by dividing the patient’s health status
into four different stages. These stages consisted of BC stages I-IV. The treatment method
for each patient was considered as a set of covariates, including surgery, radiotherapy,
chemotherapy, and hormonal therapy. All covariates were expressed as binary parameters,
with a code of 0 for the control group and 1 for the treatment group.

3. Results

This study calculated the underlying metastasis rates and investigated the effect of
several covariates on the risk of state metastasis. The conversion rates of the simulated
inputs were not considered to include any covariates representative of the general condition
of patients with metastasis, and the time conversion probability was derived according
to the formula in the semi-Markov process. The waiting time distribution of patients in
the database was calculated based on the Weibull distribution and, according to Foucher
(2005) [14], three models were employed to analyze the effect of covariates on the risk of
transition between stages, namely, the basic, univariate, and multivariable models.

1  Basic Model: the basic model does not contain any covariates. Its main purpose was
to generate time-dependent risk rates between stages based on the database data that
were to be used as transition rates from one state to another in the simulation model.
Four univariate models were developed for each covariate (i.e., surgical treatment,
radiotherapy, chemotherapy, and hormonal treatment). Each conversion was checked
using Wald (HO: Bij = 0; H1: Bij # 0) [15]. We then evaluated whether all of the
significant covariate parameters (p < 0.05) from each univariate model were significant
and selected the significant model from multiple univariate models and merge them
into a multivariate model.

2 Multivariate model: all significant covariates selected in the previous step were
included in a multivariate model. Therefore, the covariate vector is specific to the
transformation to pass the Wald test HO: fij = 0; H1: Bij # 0). Examining each
covariate parameter, the parameter (p < 0.05) was considered to be a noteworthy factor
that significantly affected the particular transformation.
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3.1. Case Description
3.1.1. Kaplan-Meier Survival Analysis
Diagnosis Age

According to the Kaplan—-Meier survival analysis for BC, the age of diagnosis was
84.13 & 0.916 and 85.491 + 0.420 months for patients >45 years and <45 years, respectively.
The survival analysis of BC at the age of diagnosis indicated no significant difference in
the number of months of survival at the age of diagnosis, whereas the log-rank test = 0.148
(>0.05) indicated no statistically significant difference between the age of diagnosis and
survival time.

BC Morphology

The Kaplan-Meier survival analysis for breast cancer morphology was
84.697 + 0.303 months for carcinoma in situ cancer and the mean survival months for
invasive carcinoma was 84.672 & 0.458. Although the survival analysis of breast cancer
morphology showed that there was no significant difference in the number of months, the
log-rank test = 0.004 (<0.05) indicated that there was a statistically significant difference in
the survival time.

Graded Differentiation of BC

The Kaplan—Meier survival analysis for BC graded differentiation had a mean survival
of 86.194 + 0.793, 83.598 =4 585, and 82.203 =+ 0.731 months for well-differentiated, moder-
ately differentiated, and poorly differentiated, respectively. As shown in the graph, there
was a significant difference in the number of months of survival for BC by the grade of
differentiation, and the log-rank test = 0.032 (<0.05) indicated that there was a statistically
significant difference in the survival time by the grade of differentiation.

Surgical Treatment

Survival analysis of surgical treatment for BC was 73.83 =+ 3.37 and 85.30 £ 0.38 months
without and with surgery, respectively. Survival analysis of the surgical treatment of BC
indicated a significant difference in the number of months of survival with or without
surgical treatment of BC, whereas the log-rank test = 0.017 (<0.05) indicated a statistically
significant difference in the survival time with or without surgical treatment of BC.

Radiation Therapy

Survival analysis of radiation therapy for BC was 85.45 + 0.55 and 84.86 + 0.57 months
without and with radiation therapy, respectively. Survival analysis of BC radiation therapy
indicated no significant difference in the number of months of survival with or with-
out BC radiation therapy, whereas the log-rank test for radiation therapy = 0.365 (>0.05)
indicated no statistically significant difference in the survival time with or without BC
radiation therapy.

Chemotherapy

Survival analysis of chemotherapy for BC was 85.03 £ 0.35 and 83.88 + 0.60 months
without and with chemotherapy, respectively. A significant difference was detected in the
number of months survived with or without chemotherapy for BC, while the log-rank test
for chemotherapy = 0.000 (<0.05) indicated a statistically significant difference in survival
time with or without chemotherapy for BC.

Hormone Therapy

Survival analysis of hormonal treatment for BC was 80.57 +1.24 months without
hormonal treatment and 86.62 & 0.32 months with hormonal treatment. Survival analysis
of hormone therapy for BC indicated no significant difference in the number of months of
survival with or without hormone therapy for BC, whereas the log-rank test = 0.000 (<0.05)
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for hormone therapy indicated a statistically significant difference in survival time with or
without hormone therapy for BC.

Estrogen Hormone Receptor Test

Table 2 and Figure 3 demonstrate the Kaplan—-Meier survival analysis of the BC
estrogen hormone receptor test. The average survival months in the (—) negative group
were 82.512 £ 0.951 months, the average survival months in the (+) low positive group
were 85.463 % 0.759 months, and the average survival months in the (+) medium positive
group were 84.532 £ 0.533 months. The average survival months for (+) high positives were
86.703 £ 0.432 months, whereas 80.00 & 0.806 months for (+) were positive unknowns. The
survival analysis of the estrogen receptor test (ERA) for BC reveals a significant difference
in the number of months of survival of the ERA for BC, and the log-rank test p = 0.001
(<0.05) for ERA reveals a statistically significant difference in the ERA survival time.

Table 2. Survival analysis of estrogen receptor test (ERA) for breast cancer.

Classification Total Number Number of Deaths Average Months of Survival = Standard Error
(=) Negative 532 31 82.512 0.951
(+) low positive 222 4 85.463 0.759
(+) medium positive 297 5 84.532 1.533
(+) high positive 829 9 86.703 0.432
(+) positives unknown 13 1 80.000 2.806

1.0- ERA

=Ici(==)
—1(+)Low positive

(+)Medium positive
—I(+)High positive

(+)Positive unknown
1 Non-breast cancer patients
—1 Unknown or undetected
—t+=(—)Checked
0.6 —t+=(+)Low positive has been checked
——(+)Medium positive has been checked
—+(+)High positive has been checked

(+)Positive unknown has been checked
—{= Patients with non-breast cancer were checked
0.4 —+=Unknown or undetected were checked

Accumulated survival

0.29

Time
Figure 3. Breast cancer estrogen receptor test (ERA) survival analysis.

Progesterone Receptor Test

Table 3 and Figure 4 demonstrate the Kaplan—-Meier survival analysis of the BC
progesterone receptor test (PRA). The average survival months in the (—) negative group
were 82.606 £ 1.075 months, the average survival months in the (+) low positive group
were 85.280 & 0.795 months, and the average survival months in the (+) medium positive
group were 83.186 £ 0.757 months. The average survival months for (+) high positives were
86.690 £ 0.491 months, whereas 81.000 & 1.915 months for (+) were positive unknowns.
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Survival analysis of the PRA for BC reveals a significant difference in the number of months
of survival, and the log-rank test = 0.003 (<0.05) for PRA reveals a statistically significant
difference in the duration of survival of PRA.

Table 3. Survival analysis of progesterone receptor test (PRA) for breast cancer.

Classification Total Number Number of Deaths Average Months of Survival = Standard Error
(—) Negative 488 24 82.606 1.075
(+) low positive 480 12 85.280 0.795
(+) medium positive 365 6 83.186 0.757
(+) high positive 542 7 86.690 0.491
(+) positives unknown 16 1 81.000 1.915

Survival analysis

101 PRA
—(+) Low positive
(+)Medium positive
= =(+)High positive
8 Ly (+)Positive unknown
'S -~ Non-breast cancer patients
S T Unknown or undetected
; —?‘( )Checked
0 06 —+(+)Low positive has been checked
" (+)Medium positive has been checked
3 —+(+)High positive has been checked
£ (+)Positive unknown has been checked
3 =t= Patients with non-breast cancer were checked
j() 04 + Unknown or undetected were checked
0.29
0.0
T T T T T T
0 20 40 60 80 100

Time

Figure 4. Breast cancer progesterone receptor test (PRA) survival analysis.

3.1.2. Cox Proportional Hazard Model
Cox analysis of Surgical Treatment

This test employs IBM SPSS Modeler 22.0 [16] as the test software to investigate
the effect of treatment methods (surgery, radiotherapy, and chemotherapy) on patients’
survival, as well as to perform a multivariate Cox proportional risk model-checked survival
analysis and hazard ratio assessment in the absence of surgical treatment.

A multivariate Cox proportional risk model test with and without surgery was per-
formed, taking into account pathological stage, age at diagnosis, sex code, graded differ-
entiation, estrogen hormone receptor test, and progesterone receptor test. As shown in
Table 4, the survival rate of the surgical treatment group was significant (p = 0.004 < 0.05),
indicating that surgical treatment had an effect on the survival rate of patients with BC,
and the relative risk HR = 1.650, indicates that the risk of death with or without surgical
treatment was 1.650 higher than that of surgical treatment (Figure 5). It can be observed
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that when all factors are included, the patients who underwent surgical treatment had a
better chance to survive than patients who had not performed surgery.

Table 4. Surgical treatment risk ratio.

95% Confidence Interval of Risk Ratio

Treatment Significance Risk Ratio — —
Lower Limit Upper Limit
Surgical treatment 0.004 * 1.650 0.584 4.665
Radiotherapy 0.002 * 1.155 0.584 4.665
Chemotherapy 0.000 * 1.415 0.633 3.162
Hormone therapy 0.000 * 3.656 2.051 6.515
* indicates significant difference.
1007] Surgery
HL‘H : _r~ ho
L e, yes
0.9+ B L .
R l
ze) B
Accumulated [
survival 1 1 1
098
L

096

o-
5]
Q

40 €0
Time

Figure 5. Surgical treatment of Cox survival analysis.

Cox Analysis of Radiotherapy

To explore the impact of radiotherapy on the survival of patients with BC, a multivari-
able Cox proportional hazard model test was performed with and without radiotherapy,
taking into account the pathological stage, diagnosis age, gender, stage differentiation,
and estrogen hormone receptor test and PRA revealed that the survival rate of the group
with radiotherapy, as shown in Table 4, is highly significant (=0.002 < 0.05), indicating that
radiotherapy has an impact on the survival rate of patients with BC, and the relative risk
HR = 1.155, which means that the risk of death without radiotherapy is 1.155 times high
than with radiotherapy. Figure 6 indicates that when all factors are included, the survival
rate with radiation is higher than that without treatment.

Cox Analysis of Chemotherapy

A multivariate Cox proportional risk model-validated survival analysis and risk ratio
assessment were performed without chemotherapy to investigate the effect of chemother-
apy on patient survival, taking into account pathological stage, age at diagnosis, gender,
grade differentiation, estrogen hormone receptor test, progesterone hormone receptor test.
As indicated in Table 4, the results were found to be significant (p = 0.000 < 0.05), suggesting
that chemotherapy has an impact on the survival of patients with BC, and the relative risk
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HR = 1.415, indicating that the risk of death without chemotherapy is 1.415 times higher
than that with chemotherapy. Figure 7 demonstrates that when all factors are included, the
survival rate with chemotherapy is higher than that without chemotherapy.

RT

e —r ho
| S

‘_l‘ - 1 yes

0.995- H—

—
0.990 H—\—\_\_‘;

0.985-

1.000 “A‘

Accumulated
survival

0.9807

09757

Time

Figure 6. Radiotherapy of Cox survival analysis.

Cox Analysis of Hormone Therapy

The multivariable Cox proportional hazard model test survival analysis and hazard
ratio assessment were performed with and without hormone therapy, taking into account
the pathological stage, diagnosis age at diagnosis, gender, stage differentiation, estrogen
hormone receptor test, and PRA, the results found that the survival rate of the group
with hormone therapy, as shown in Table 4, had significant differences (p = 0.001 < 0.05),
indicating that hormone therapy has an impact on the survival rate of patients with BC,
and the relative risk is HR = 3.656, which means that the risk of death without hormonal
treatment is 3.656 times higher than that of hormonal treatment. Figure 8 indicates that
when all factors are included, the survival rate with hormonal treatment is higher than that
without hormonal treatment.

3.1.3. Markov Chain

The Markov matrix is used to determine if a steady state is attained over a long period
by accounting for relationship transition changes. The Markov chain is also used to describe
the evolution of social and natural phenomena, many of which exhibit distinct phases as time
passes. Sorting the cases in order, as indicated in Tables 5a,b, 6a,b, 7a,b, 8a,)b, 9a,b, and 10a,b,
yields the number of individual BC stages from year 1 to 5.
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Figure 7. Chemotherapy Cox survival analysis.
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Table 5. Number of people with breast cancer in the first year.

(a) Number of Individuals with Breast Cancer in the First Year

First Year Stage0 Stage1l Stage2 Stage3 Stage4 Deaths  Total
Stage 0 25 7 1 0 0 0 33
Stage 1 27 121 30 3 0 1 182
Stage 2 9 33 113 29 0 3 187
Stage 3 1 3 4 7 1 4 20
Stage 4 0 0 0 0 8 5 13
Deaths 0 0 0 0 0 0 0

(b) Total Metastases of Breast Cancer in the First Year

First Year Stage0 Stage1l Stage2 Stage3 Stage4 Deaths
Stage 0 0.758 0.212 0.030 0.000 0.000 0.000
Stage 1 0.148 0.665 0.165 0.016 0.000 0.005
Stage 2 0.048 0.176 0.604 0.155 0.000 0.016
Stage 3 0.050 0.150 0.200 0.350 0.050 0.200
Stage 4 0.000 0.000 0.000 0.000 0.615 0.385
Deaths 0.000 0.000 0.000 0.000 0.000 1.000

Table 6. Number of people with breast cancer in the second year.

Second Year Stage0 Stagel Stage2 Stage3 Stage4 Deaths  Total
Stage 0 69 10 2 0 0 0 81
Stage 1 9 130 44 14 0 1 198
Stage 2 3 27 86 40 0 4 160
Stage 3 0 0 7 23 0 6 36
Stage 4 0 0 0 0 5 2 7
Deaths 0 0 0 0 0 0 0

Table 7. Total metastases of breast cancer in the second year.

Second Year  Stage 0 Stage 1 Stage 2 Stage 3 Stage 4 Deaths
Stage 0 0.852 0.123 0.025 0.000 0.000 0.000
Stage 1 0.045 0.657 0.222 0.071 0.000 0.005
Stage 2 0.019 0.169 0.538 0.250 0.000 0.025
Stage 3 0.000 0.000 0.194 0.639 0.000 0.167
Stage 4 0.000 0.000 0.000 0.000 0.714 0.286
Deaths 0.000 0.000 0.000 0.000 0.000 1.000

Table 8. Number of people with breast cancer in the third year.

(a) Number of Individuals with Breast Cancer in the Third Year

Third Year ~ Stage0 Stage1l Stage2 Stage3 Stage4 Deaths  Total
Stage 0 41 19 0 0 0 1 61
Stage 1 2 69 27 6 0 1 105
Stage 2 5 14 61 26 0 4 110
Stage 3 2 1 4 4 0 2 13
Stage 4 0 0 0 0 6 3 9
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Table 8. Cont.

(b) Total Metastases of Breast Cancer in the Third Year

Third Year  Stage0 Stagel Stage2 Stage3 Stage4 Deaths
Stage 0 0.672 0.311 0.000 0.000 0.000 0.016
Stage 1 0.019 0.657 0.257 0.057 0.000 0.010
Stage 2 0.045 0.127 0.555 0.236 0.000 0.036
Stage 3 0.154 0.077 0.308 0.308 0.000 0.154
Stage 4 0.000 0.000 0.000 0.000 0.667 0.333
Deaths 0.000 0.000 0.000 0.000 0.000 1.000

Table 9. Number of people with breast cancer in the fourth year.

(a) Number of People with Breast Cancer in the Fourth Year

Fourth Year Stage0 Stagel Stage2 Stage3 Stage4 Deaths  Total
Stage 0 42 6 2 0 0 0 50
Stage 1 6 77 26 6 0 1 116
Stage 2 3 19 58 20 0 1 101
Stage 3 0 2 4 4 0 1 11
Stage 4 0 0 0 0 1 1 2
Deaths 0 0 0 0 0 0 0

(b) Total Metastases of Breast Cancer in the Fourth Year

Fourth Year Stage0 Stagel Stage2 Stage3 Stage4 Deaths
Stage 0 0.840 0.120 0.040 0.000 0.000 0.000
Stage 1 0.052 0.664 0.224 0.052 0.000 0.009
Stage 2 0.030 0.188 0.574 0.198 0.000 0.010
Stage 3 0.000 0.182 0.364 0.364 0.000 0.091
Stage 4 0.000 0.000 0.000 0.000 0.500 0.500
Deaths 0.000 0.000 0.000 0.000 0.000 1.000

Table 10. Number of People with Breast Cancer in the Fifth Year.

(a) Number of Breast Cancer Patients in the Fifth Year

Fifth Year Stage0 Stage1l Stage2 Stage3 Stage4 Deaths  Total
Stage 0 25 2 1 0 0 0 28
Stage 1 6 81 18 4 0 1 110
Stage 2 5 17 59 10 0 1 92
Stage 3 0 0 1 4 0 4 9
Stage 4 0 0 0 0 3 1 4

(b) Total Metastases of Breast Cancer in the Fifth Year

Fifth Year Stage0 Stage1l Stage2 Stage3 Stage4 Deaths
Stage 0 0.893 0.071 0.03 0.000 0.000 0.001
Stage 1 0.055 0.736 0.164 0.036 0.000 0.009
Stage 2 0.054 0.185 0.641 0.109 0.000 0.011
Stage 3 0.000 0.000 0.111 0.444 0.000 0.444
Stage 4 0.000 0.000 0.000 0.000 0.750 0.250
Deaths 0.000 0.000 0.000 0.000 0.000 1.000

Dividing the number of metastases in the first year by the total number of metastases
gives the actual first-year breast cancer rate as shown in Table 5b.
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The number of breast cancer cases in the second year can be categorized as shown in
Table 6.

Dividing the number of metastases in the second year by the total number of metas-
tases gives the actual breast cancer incidence in the second year as shown in Table 7.

The number of breast cancer cases in the third year can be categorized as shown in
Table 8a.

Dividing the number of metastases in the second year by the total number of metas-
tases gives the actual breast cancer incidence in the second year as shown in Table 8b.

The number of breast cancer cases in the fourth year can be categorized as shown in
Table 9a.

Dividing the number of metastases in year four by the total number of metastases
gives the actual breast cancer incidence in year four (as shown in Table 9b).

The number of breast cancer cases in the fifth year can be categorized as shown in
Table 10a.

Dividing the total number of metastases in year five by the total number of metastases
in year five gives the actual breast cancer incidence in year five (as shown in Table 10b).

4. Discussion

The survival rate predicted by the metastasis matrix time without difference is compa-
rable to the five-year survival rate of each stage of BC by the National Health Service of the
Ministry of Health and Welfare under the long-term stable condition, as shown in Table 11.
The model may be built by calculating the probability of survival at each step.

Table 11. Comparison of survival rates.

Stage Five-Year Survival Rate Five-Year Survival Rate (No Time Five-Year Survival Rate (Time
(Department of Health) Difference in Transition Matrix) Difference in Transition Matrix)
Stage 0 97.7% 99.6% 85.2%
Stage 1 95.2% 93.9% 96.0%
Stage 2 92.3% 91.2% 37.3%
Stage 3 89.7% 85.3% 85.4%
Stage 4 25.7% 25.3% 18.8%

When the actual and predicted survival rates were compared according to Table 12a,b,
it was discovered that the actual and predicted survival rates are not significantly different
in the first three stages, and the difference between the third and fourth stages is quite large,
which may be due to an insufficient number of cases. There are not many deaths in the
third and fourth stages, which leads to errors.

SemiMarkov Chain

The fundamental model was used to estimate the time-dependent transition rate from
one state to another by evaluating each patient’s transfer of the previous state, where the
rate value relies on the time spent in the present state using a semi-Markov process-transfer
rate. According to Figure 9, the probability of metastasis from stages 1 to 2 is higher than
that of stages 3 and 4, indicating that BC is unlikely to deteriorate fast. When BC is at
stage 1 it does not metastasize but only when it reaches stage 2. As a result, the probability
of BC metastasis is significantly higher than that of BC metastasis in stages 3 and 4. By
year 5, the probability of BC metastasis in stages 3 and 4 is higher than that of metastasis in
stage 1, suggesting that BC would deteriorate with time and progress to the third stage. It
can be seen that the probability of reverting to stage 1 is relatively low but the probability of
metastasis transcending to stage 4 is rather high. After stage 4, the probability of metastasis
is approximately the same in stages 1, 2, and 3. This indicates that if BC is discovered near
the end of the stage, the probability of metastasis in other stages is low. As can be seen in
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the graph, the majority of the transition probabilities is high at the beginning and decreases
with greater duration in a given condition.

Table 12. Comparison of five years actual and predicted survival rates.

(a) Comparison of Actual and Predicted Survival Rates

Stage Actual Survival Rate Predicted Survival Rate
Stage 0 99.9% 99.6%
Stage 1 99.1% 93.9%
Stage 2 98.9% 91.2%
Stage 3 55.6% 85.3%
Stage 4 75.0% 25.3%

(b) Five Years of Actual and Predicted Survival Rates

Fifth Year Forecast Stage0 Stage1l Stage2 Stage3 Stage4  Deaths

Stage 0 0.635 0.172 0.125 0.064 0 0.004
Stage 1 0.216 0.213 0.301 0.209 0 0.061
Stage 2 0.164 0.251 0.203 0.294 0 0.088
Stage 3 0.1673 0.191 0.271 0.222 0.002 0.147
Stage 4 0 0 0 0 0.254 0.746
Deaths 0 0 0 0 0 1.000
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Figure 9. Probability of breast cancer metastasis rate.

A simple linear regression technique is employed to calculate the influence of variables
on each transition. The first stage was to construct a univariate model for each covariate,
resulting in 48 sets of transformation-specific parameters. These sets include 12 types
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(4 BC stages, multiplied by 3 potential stages of metastasis) and 4 covariates of the treatment
methods. A negative sign of 3 in the parametric column indicates that the risk of metastasis
is higher in the base group than in the other groups, whereas a positive number of {3
indicates that the risk of metastasis is higher in the non-base group.

As demonstrated in Table 13, hormonal therapy had no significant influence on
metastatic risk, as only three cases of metastasis were affected by variations in the patients’
hormonal medication. Surgical therapy, on the other hand, had a substantial influence on
metastasis. Patients who had surgery had a lower chance of metastasis among the nine
cases studied, whereas those who did not have surgery had a higher risk of metastasis.
The results for the treatment covariates reveal that most of the covariates (value 0.05) had
negative values in most patients, indicating a lower risk of metastasis in those treated for
BC. Finally, 33 relevant factors were chosen from the 48 variables to be included in the
single multivariate model based on the statistical test of the univariate model.

Table 13. Covariate parameters and p-values of each univariate model.

Transition Surgical Treatment Radiotherapy Chemotherapy Hormonal Therapy
State Parameters p Value  Parameters p Value  Parameters p Value  Parameters p Value
12 —1.691 <0.001 * 0.117 0.0769 —7.176 <0.001 * 0.109 0.1253
13 —2.237 <0.001 * —1.487 <0.001 * —1.745 <0.001 * —1.278 <0.001 *
1—4 —3.216 <0.001 * —0.244 <0.001 * —3.294 <0.001 * —3.964 <0.001 *
2—1 2.892 <0.001 * —1.084 <0.001 * —8.965 0.0014 * 0.008 0.543
23 3.762 <0.001 * 1.632 <0.001 * 9.44 0.639 0.305 0.259
2—4 —2.493 0.1463 —1.830 <0.001 * —8.51 0.920 1.075 0.427
3—1 —1.254 <0.001 * —1.500 <0.001 * —5.52 0.020 * —0.891 0.0012 *
32 —0.246 0.466 3.728 <0.001 * 2.495 0.032 % 0.305 0.3897
3—4 —3.237 0.0037 * —2.79 <0.001 * —2.872 0.654 —2.054 0.0288 *
4—1 —5.495 <0.001 * —6.071 <0.001 * —1.003 <0.001 * 6.568 <0.001 *
4—2 —2.650 0.949 —8.503 <0.001 * —8.75 0.075 7.075 <0.001 *
4—3 1.810 0.2694 12.253 <0.001 * -1.29 <0.001 * 2.400 0.124

Note: * means significant.

Table 14 displays the final multivariate model. In addition, 22 of the 33 variables
had a significant influence on patients with specific metastasis, whereas the remaining 11
were excluded from the model due to no significant effect on the chance of a conversion.
The final multivariate model estimates also support earlier findings on the influence of
therapy on metastatic risk. In most transitions related metastatic cases, patients receiving
treatment had a relatively lower risk than those who do not receive treatment, except
for chemotherapy patients who received chemotherapy 3—2 had a 1.259-times higher
risk than that of patients who did not receive treatment. The relative risk of patients
receiving hormonal therapy 1—3 was 2.25 times higher than that of patients receiving
no treatment, and the relative risk of patients receiving radiotherapy 2—3 was 1.77 times
higher than that of patients receiving radiotherapy. It is observed that most of the important
treatment results occur in phases I and II. This study highlights the importance of early
identification for most patients with BC, who should undergo treatment as soon as possible.
The earlier the BC is discovered, the better the chances of survival and the more important
the treatment outcome.

Our results are comparable with earlier studies and are in accordance with [17,18]
and have surpassed the prediction of the 5-year survival rate of Guerra et al., 76.3% in
five years [19], Rosemeire and Djalma 60.8% [20] and Yuniar and Dian obtained 94.4% in
early-stage and 50.3% in advance stage [21].
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Table 14. Covariate parameters of the multivariate model.

Covariate Transition State  Parameters §  Relative Risk p Value
Surgical treatment 12 —1.47 0.230 <0.001 *
Surgical treatment 1-3 —2.40 0.091 <0.001 *
Surgical treatment 1—4 —2.74 0.065 <0.001 *
Surgical treatment 2—1 —4.22 0.015 <0.001 *
Surgical treatment 2—3 -3.105 0.045 <0.001 *
Surgical treatment 2—4 —2.46 0.085 <0.001 *
Surgical treatment 3—1 -1.33 0.264 <0.001 *

Chemotherapy 12 —0.44 0.644 0.007
Chemotherapy 32 0.23 1.259 0.495
Chemotherapy 4—3 —-3.97 0.019 0.021
Hormonal therapy 1-3 0.811 2.250 0.0177
Hormonal therapy 1—4 -1.10 0.333 0.021
Hormonal therapy 3—4 —1.62 0.198 <0.001 *
Radiotherapy 1-2 —0.421 0.656 0.0393
Radiotherapy 1-=3 -1.10 0.333 0.0439
Radiotherapy 2—3 0.571 1.770 <0.001 *
Radiotherapy 2—4 —0.562 0.570 <0.001 *
Radiotherapy 3—=2 0.824 2.280 <0.001 *

Note: * means significant.

5. Conclusions

In this study, the survival analysis of BC was initially studied using the chi-square
test to assess the independent influence of various types of factors on survival. When
the significant variables were submitted to the Kaplan-Meier survival analysis, it was
discovered that the significant variables affected the survival of patients with BC when
considering the univariate scenario. BC is classified by stage, treatment modality (surgery,
chemotherapy, and hormone therapy), ERA, and PRA, although radiation has no bearing
on survival, and patients without chemotherapy have a worse survival rate than those with
chemotherapy. Next, a Cox proportional risk analysis was performed to examine survival
using the treatment method under the influence of multiple variables. It was discovered
that patients who received radiotherapy were significantly (p = 0.001) more likely to survive
than those who did not receive chemotherapy, implying that the treatment received by the
patients was influenced by the various stages.

The Markov chain model was built without taking the survival rate into account in
the analysis of BC metastasis, and the matrix showed a steady-state prediction compared
with the actual one. However, the prediction was getting closer to the actual one, and
each value in each column represented the long-term stable condition. As a result, the
Markov chain stage model of BC metastasis can be constructed by utilizing the probability
value of each stage’s survival transition, and then the semi-Markov chain model can be
established by taking the survival rate into account. The risk of getting surgery for stage I
and II patients with BC is lower than the risk of not receiving surgery, whereas the effect of
receiving therapy (surgery, radiation, and hormone) for stage III and IV patients are mainly
insignificant. The earlier the BC is detected, the better the chances of survival and the more
significant the treatment’s success.
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