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Abstract

Background: The multi-state models help more closely study of the factors
affecting the survival of patients with breast cancer.

Method: We conducted the present retrospective cohort study on 2030 Iranian
patients with breast cancer in 2020. The patients’ follow-up period ranged from 1
month to 15 years. Accordingly, the initial treatment, metastasis, and death were
considered as the first, second, and absorbing states, respectively. The multi-state
model was utilized for modeling and analyzing the data at a 95% significance level
using the MSM package in R software.

Results: The mean age (+ standard deviation) of the patients included at diagnosis
time was 55.3 (£12.07) years old. The first one year and 5 years adjusted transition
probabilities for transitions from the treatment to metastasis estimated as 0.85 (0.15 —
0.89) and 0.45 (0.21 — 0.61), and for metastasis to death transitions, they were estimated
as 0.15 (0.1 -0.21) and 0.55 (0.41 - 0.69), respectively. Moreover, the average sojourn
times were estimated as 0.27 and 74.85 months for the treatment and metastasis states,
respectively.

Conclusion: The obtained results revealed that over time, the transition probabilities
of patients from surgery to metastasis state decreased, whereas the transition probabilities
from metastasis to death state increased using the multi-state model.
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health threat after non-communicable
diseases. The World Health
Organization reported that cancer is
the first or second leading cause of

Introduction

In most countries worldwide,
different types of cancer are
considered as the most important
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Table 1. Metastasis and death status of breast cancer patients based on the clinical and pathological characteristics (n= 2030)

Variables Number? (%) Metastasis (N, %) P value Death (N, %) P - value
Age group (yr)

<30 12 (0.6) 3(1.8) 1(1.1)

30-39 170 (8.5) 18 (11.2) 9 (9.5)

40-49 466 (22.9) 36 (22.4) 19 (20)

50-59 680 (33.5) 62 (38.5) 41 (43.2)

60-69 426 (20.9) 29 (18) 17 (17.8)

>70 276 (13.6) 13 (8.1) 0.029 8(8.4) 0.299
Radiotherapy type

IORT® 605 (33.5) 25 (16.7) 6 (6.8)

EBRT® 1200 (66.5) 125 (83.3) <0.001 82(93.2) <0.001
Estrogen receptor

Positive 1332 (72.6) 96 (61.5) 54 (58.7)

Negative 502 (27.4) 60 (38.5) <0.001 38 (41.3) 0.002
Progesterone receptor

Positive 1283 (69.9) 95 (60.9) 53 (5.6)

Negative 552 (30.1) 61 (39.1) 0.01 39 (42.4) 0.008
HER24

Negative 1234 (82.7) 89 (75.4) 58 (75.3)

Positive 258 (17.3) 29 (24.6) 0.029 19 (24.7) 0.079
Tumor grade

I 181 (9.8) 7 (4.8) 4 (4.5)

I 971 (52.5) 61 (41.8) 32 (36.4)

111 697 (37.7) 78 (53.4) <0.001 52 (59.1) <0.001
Stage at diagnosis

I 459 (24.5) 18 (12.5) 9 (10.2)

I 943 (50.4) 57 (39.6) 33 (37.5)

111 450 (24.1) 60 (41.7) 41 (46.6)

v 18 (1) 9 (6.2) <0.001 5(5.7) <0.001

aThe sum of subgroups may be Iess than total because of missing data; PIntraoperative radiation therapy; °External beam radiation therapy; THuman epidermal growth factor

receptor 2

death in most countries.! Correspondingly, breast
cancer is the most prevalent cancer worldwide,
accounting for 1.4% of all the cancers and 29%
of those in women.? 3 It is noteworthy that breast
cancer mortality rate is lower in Asian countries,
such as China and Japan, compared with European
countries and America.* This cancer is also the
most common malignancy among women in Iran.>
Unfortunately, in Iran, breast cancer is mostly
diagnosed in women at advanced stages.® A study
performed in 2018 showed that the epidemiology
and histopathology of breast cancer in Iranian
patients differed from those of the neighboring
countries.’” The re-appearance of breast cancer at
any site is defined as recurrence, which is also
categorized as distant (metastasis) or local
recurrence.® Accordingly, it could be said that
metastasis is the main factor in reducing the
survival of patients with breast cancer.” Death
and metastasis are interesting outcomes that
researchers mostly consider in survival analysis

of cancer-associated data.!”

In most non-communicable patients,
particularly those with cancer, multiple states and
transitions are predictable. In breast cancer, surgery
or initial treatment, metastasis, and death may be
considered as known states and the patient's
movement among these states is considered as
possible transition. %11

In diseases like cancers with multiple
endpoints, the multi-state models work
appropriately and efficiently in the analysis and
assessment of the states and transitions.!> Among
several methods used to identify the factors
affecting the survival of patients with breast
cancer, the above-mentioned models are known
to be appropriate and very effective.!3 In addition,
these methods help in studying the factors
affecting the survival time of patients more closely,
by considering the intermediate cases and
investigating the effects of the covariates for each
transition.!# The multi-state analysis model is one
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Table 2. Transition matrix of breast cancer patients based on the states of disease

Condition Initial Treatment (State I) Metastasis (State II) Death (State I1I)
Initial Treatment (State I) 3738 161 0
Metastasis (State II) 0 66 95

Death (State I1I) 0 0 0

of the suitable methods for analyzing such data
with consecutive events.!> Finally, the results of
these analysis models have provided valuable
clinical information.

In this study, we used the multi-state model
to analyze the obtained data related to breast
cancer. This study aimed to determine the survival
rate and measure the effects of the factors on the
progression of the breast cancer from the surgery
state to the interested endpoints, such as metastasis
and death, considering transmission paths.

Methods

This registry-based retrospective cohort study
was conducted in 2020, on 2030 Iranian patients
with breast cancer referred to Rasool-E-Akram
(PBUH) Hospital, affiliated with Iran University
of Medical Sciences between 2000 and 2019.
The Research Council of Iran University of
Medical Sciences approved the present study
(No.: 13626). The cases were referred to this
center from hospitals, laboratories, and other
medical facilities in Tehran as well as some other
provinces. The data were obtained from the
patients’ electronic medical records using a
checklist and considering the demographic data

(age), clinical features, surgery type, history of
metastasis, adjuvant treatments (chemotherapy
and radiotherapy), and dates of surgery, metastasis,
and the last follow-up.

In addition to the surgery, all the patients
underwent at least one other treatment, such as
chemotherapy, hormone therapy, and radiotherapy.
In the analysis, this process was considered as
the initial treatment state. Notably, the included
patients were candidates for intraoperative
radiation therapy (IORT) or external whole-breast
irradiation (EBRT) based on their clinical and
pathological statuses, who were then selected for
partial breast irradiation in terms of the recent
guidelines published by the American Society
for Radiation Oncology.!®

The patients’ follow-up time ranged from 1
month to 15 years. The subjects with incomplete
records, pregnancy, lactation, or cancer other than
breast cancer on top of those who died due to
some reasons other than breast cancer or could
not complete the follow-up were excluded from
this study:.

Due to the normal course of breast cancer,
people may experience metastasis after surgery
and then die with or without experiencing

Initial treatment
N=2030
1 z
Metastasis 3 Death
N=161 2 N=05

Figure 1. Breast cancer disease transition paths estimated using multistate model.
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Table 3. The 5-year transition probabilities matrix in breast cancer patients

The Effects of Prognostic Factors on Metastasis and Survival

Variables Transition Paths Non-adjusted 95% CI* P Value Adjusted® 95% CI P Value
Probability Probability

12 months Surgery —Metastasis 0.83 (0.79 — 0.85) <0.05 0.85 (0.15-0.89) <0.05
Metastasis —Death 0.17 (0.14-0.21) <0.05 0.15 (0.1-0.21) <0.05

24 months Surgery—Metastasis 0.68 (0.63—0.73) <0.05 0.73 (0.12-0.81) <0.05
Metastasis —Death 0.3 (0.26 — 037) <0.05 0.27 (0.19-0.38) <0.05

36 months Surgery —Metastasis 0.56 (0.51-0.63) <0.05 0.62 (0.16—-0.72) <0.05
Metastasis —Death 0.4 (0.36 — 0.49) <0.05 0.3 (0.28-0.52) <0.05

48 months Surgery—Metastasis 0.47 (0.39-0.53) <0.05 0.53 (0.19-0.67) <0.05
Metastasis—Death 0.5 (0.46 - 0.6) <0.05 0.47 (0.34-0.61) <0.05

60 months Surgery —Metastasis 0.39 (0.32-0.47) <0.05 0.45 (0.21-0.61) <0.05
Metastasis —Death 0.61 (0.53 - 0.68) <0.05 0.55 (0.41-0.69) <0.05

aConfidence interval; PAdjusted for all variables listed in Tablel

metastasis until the end of the follow-up period.
Therefore, three states were considered in this
study as follows: the initial treatment, metastasis,
and death as the first, second, and absorbing
states, respectively. Based on the multi-state
model, each subject would experience at least
one of the above-mentioned states with a
transitional probability after surgery as the first
state. Finally, the transition paths included surgery
to metastasis, metastasis to death, and surgery to
death. Herein, death was the absorbing state and
there is no other state after the absorbing state.!!
It should be noted that due to the nature of breast
cancer disease, the reversal transitions were not
considered in the model. Figure 1 represents the
considered states and transition paths for the
multi-state model.

In the present study, the multi-state model was
utilized for modeling and analyzing the obtained
data.!”-!8 Based on the initial transition density
and matrix, the initial rough values were estimated
for transition intensities. Thereafter, we applied
the maximum likelihood approach to estimate
the parameters of Markov continuous-time model;
the data were then fitted based on this model.
Subsequently, in order to estimate the effects of
the independent variable on the transition hazards,
we calculated hazard ratios using univariate Cox
proportional hazard regression models, including
a time-dependent covariate. To avoid estimation
biases, the multiple approaches were applied to
estimate the adjusted hazard ratios. Afterwards,
the Ellen Johnson estimator was employed for
estimating the transition probabilities. The

demographical and clinical characteristics, such
as age at the diagnosis time, radiotherapy types
(EBRT, IORT), estrogen receptor status (ER-,
ER+), progesterone receptor status (PR-, PR+),
human epidermal growth factor receptor 2 status
(HER2+, HER2-), tumor grade (I. II, III), and
stage at the diagnosis time (I, II, III, IV) were
considered as predictive covariates of metastasis
and death, which were then tested for each
transition (Tablel).

The proportional hazards’ assumption was
justified using the Schoenfeld residuals test. Next,
each variable was primarily tested in univariate
analysis. Using the stepwise selection model,
those factors that were significantly associated
with the considered states were then selected to
perform multivariate analysis. The sojourn time
was also estimated in each state. To summarize
the quantitative and categorical variables, mean
(+ standard deviation (SD)) and frequency
(percentage) were used, respectively. For note,
all the statistical analyses were performed at a
95% significance level utilizing the MSM package
in R software version 4.0.2.

Results

Based on the inclusion and exclusion criteria,
a total of 2030 patients with confirmed breast
cancer participated in this study. The mean age
(£SD) of the patients at the time of diagnosis was
55.3 (£12.07) years old and their age range was
from 22 to 95 years old. Most of the patients
(33.5) were in the age group of between 50 and
59 years old. The percentages of ER+, PR+, and
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Table 4. Prognostic factors for each transition with hazard ratios and their 95% confidence intervals in multiple analyses

Variables Transition Paths Hazard Ratio 95% CI P Value
Age at diagnosis Surgery —Metastasis 1.01 (0.66 - 1.54) >0.05
Metastasis —Death 0.99 (0.97 - 1.02) >0.05
Radiotherapy type Surgery —Metastasis 7.39 (0.19 - 28.74) >0.05
(EBRT vs.2 IORT ) Metastasis —Death 1.37 (0.57 - 3.29) >0.05
Estrogen receptor Surgery —Metastasis 1.07 (0.58 - 4.45) >0.05
(ERP vs. ER) Metastasis —Death 0.88 (0.72 - 2.08) >0.05
Progestogen receptor Surgery —Metastasis 0.95 (0.63 - 3.42) >0.05
(PR+ vs. PR-) Metastasis —Death 0.58 (0.49 - 1.34) >0.05
HER2 Surgery —Metastasis 0.49 (0.19 - 16.35) >0.05
(HER2+ vs. HER2-) Metastasis —Death 0.84 (0.61 - 1.15) >0.05
Tumor grade Surgery —Metastasis 6.48 (0.55 - 28.39) >0.05
(II-IIT vs. T) Metastasis —Death 1.12 (0.83-1.51) >0.05
Stage at diagnosis Surgery —Metastasis 1.14 (0.66 - 20.88) >0.05
(II-ITI-IV vs. I) Metastasis —Death 1.13 (0.79 - 1.63) >0.05

aVersus ; PEstrogen receptor; “Progesterone receptor; EBRT: External whole-breast irradiation; IORT: Intraoperative radiation therapy; HER2: Human epidermal growth

factor receptor 2

HER2- in these patients were 72.6%, 69.9%, and
82.7%, respectively. Moreover, the IDC cancer
was the most common (77%) type among them.
Metastasis and death were also reported in 7.9%
(n=161) and 4.7% (n=95) of the patients,
respectively. Most patients were at stage I (50.4%)
and had grade II (52.5%) cancer at the diagnosis
time. Tablel shows the metastasis and death
statuses of the subjects based on their clinical
and pathological characteristics. In this study, the
median follow-up time was 32.1 months (range,
1-201 months).

No death occurred in the initial treatment state;
however, 161 metastases occurred at this stage
and 95 deaths occurred in the metastasis state
(Table 2). Due to the nature of breast cancer, the
reversal transitions, for instance death, to
metastasis and metastasis to the initial treatment
state were impossible; thus, we observed no
specific events in these paths.

The 5-year adjusted and non-adjusted transition
probabilities matrix with 1-year intervals was
calculated with Markov multi-state model (Table
3). Based on the non-adjusted approach, the first
1-year transition probabilities for transitions from
the initial treatment to metastasis and metastasis
to death states were calculated as 0.83 (0.79 —
0.85) and 0.17 (0.14 — 0.21), respectively.
Furthermore, 5-year transition probabilities from
the initial treatment to metastasis and metastasis
to death states were estimated to be 0.39 (0.32 —

0.47) and 0.61 (0.53 — 0.68), respectively.
Additionally, the first 1-year adjusted transition
probabilities for transitions from the initial
treatment to metastasis and metastasis to death
states were calculated to be 0.85 (0.15 — 0.89)
and 0.15 (0.1 — 0.21) and for 5-year adjusted
transition probabilities for the above-mentioned
transitions; they were estimated as 0.45 (0.21 —
0.61) and 0.55 (0.41 - 0.69), respectively.

Once fitting the multi-state model with
independent variables compared to the model
without independent variables significantly
justified to the data, the Markov multi-state model
was fitted to the obtained data and the adjusted
hazard ratios of transitions were then estimated
using multivariate multi-state analysis model
(Table 4). As reported earlier, with the increase
in age at the diagnosis time, there were no
considerable effects on breast cancer metastasis
in the patients in the initial treatment state hazard
ratio (HR): 1.01, (0.66 - 1.54)] and death of those
in the metastasis state [HR: 0.99, (0.97 - 1.02)].
Regarding the radiotherapy methods, the EBRT
method increased the hazard of transition from
the initial treatment state to the metastasis state
in comparison with the IORT method [HR: 7.39,
(0.19 —28.74)] and transition from the metastasis
state to the death state [HR: 1.37, (0.57 - 3.29)].
In the following, the stage at the diagnosis time
greater than or equal to II [HR: 1.14, (0.66 -
20.88)] and tumor grade greater than or equal to
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Table 5. The estimated mean sojourn time (in months) using the multi-state model

Condition Estimates SE 95% CI1
Initial treatment 0.27 0.88 (0.49 — 1.53)
Metastasis 74.85 15.48 (49.9 — 112.27)

SE: Standard error; CI: Confidence interval

IT [HR: 6.48, (0.55 - 28.39)] were found to have
an increased hazard on distant metastasis.
Moreover, it was observed that the stage at the
diagnosis time greater than or equal to II [HR:
1.13, (0.79 - 1.63)] and the tumor grade greater
than or equal to IT [HR: 1.12, (0.83 - 1.51)] had
an increased hazard on death following metastasis.
Table 4 depicts the effects of some other variables
on transition hazards. The average sojourn times
of the patients with breast cancer in the initial
treatment and metastasis states were estimated
to be 0.27 and 74.85 months, respectively (Table 5).

Discussion

In the present study, we investigated the effect
of certain important clinical characteristics of the
included patients, such as tumor grade, stage of
cancer at diagnosis, ER status, PR status, HER2
status, and radiotherapy methods (IORT, EBRT)
on their transitions and placement probability in
the disease states using the multi-state models.

In our study, three states were considered as
follows: initial treatment, metastasis, and death
as the first, second, and absorbing states,
respectively. About 161 metastases occurred in
the initial treatment state and 95 patients were
transferred from metastasis state to the death
state. In addition, no breast cancer patients were
directly transferred to the death state with no
metastasis following the initial treatment state.

Based on our findings, the increase in age did
not significantly affect the incidence of metastasis
and death of patients experiencing metastasis,
which is consistent with the results of other
studies.!!419 Tn a study by De Bock et al. using
the multi-state method, increased age was found
to be associated with the increased distant
metastasis.?’ However, a similar previous study
showed that the increase in age can be effective
on directly transferring patients from surgery to
death.?! Furthermore, in certain studies, the

survival of breast cancer patients was observed
to be inversely related to age, as one study showed
that developing breast cancer at older ages reduces
the survival of the patients.??

Our obtained results also revealed that after
adjustment for other variables, the PR+, ER+,
and HER2+ variables were not associated with
the increased hazard of death of breast cancer
patients; therefore, they could be defined as
protective factors. In addition, ER+ status
increased the risk of metastasis by about 7% after
the initial treatment and the PR+ and HER2+
status decreased the risk of metastasis by about
5% and 51% after the initial treatment state. In
this regard, it should be noted that our findings
are not consistent with the results of a previous
study performed in 2018;'2 however, findings of
several other studies confirmed ours. #1923

Some recent studies have investigated the
impacts of local and distant metastasis on survival
on the patients with breast cancer with time-
dependent covariates using a Cox regression
model.>* However, only few studies with multi-
state models have examined the effect of different
variables on disease transmission.

In this regard, the multi-state models could
provide some useful information on transmissions
among the states of the disease as well as the
effects of various factors on the development of
such transmissions.

In the present study, we showed that the EBRT
method compared with the IORT method, a stage
greater than or equal to stage II in comparison
with stage I, and a tumor grade greater than or
equal to grade II compared with tumor grade I
were attributed to the increased hazard on
transitions from treatment to metastasis and from
metastasis to death state. However, the estimated
results in this regard were not significant. The
results of several previous studies confirmed our
findings reporting that the advanced tumor grade
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and stage at the diagnosis time had a significantly
increased risk on the transition to death and
metastasis.!”29-2¢ None of the reviewed studies
has examined the effects of different types of
radiotherapy on the outcomes of breast cancer
with the multi-state model.

The multi-state models could also provide
useful information on the progression of different
states of the disease and the probability placement
of a certain number of patients in the states of
the disease.?’

Herein, considering the effect of the above-
mentioned clinical and pathological characteristics
of the patients, we also calculated the probability
of transitions among the states of events for the
patients at 1 to 5 years and those with 1-year
intervals. We indicated these probabilities as two
adjusted and non-adjusted modes, separately. As
estimated, the adjusted transition probability
showed that in the first year, the probabilities of
transition of the patients from the initial treatment
to metastasis state and from metastasis state to
death state were 85% and 15%, respectively.
Based on the results, the probability of metastasis
after the initial treatment decreased with the
follow-up time and the probability of death in
the patients also increased after the metastasis.
Subsequently, after 5 years, the estimated
probabilities for transitions from the initial
treatment state to metastasis and metastasis to
death state reached 45% and 55%, respectively.

Sojourn time is considered as another
measurement in these models of analysis. This
measurement determines the average durability
of patients at each state considering the effect of
independent variables related to each state. Based
on our findings, the maximum estimated mean
sojourn times for the treatment and metastasis
states were 0.27 and 75 months, respectively.

It should be noted that although multi-state
methods provide valuable information on the
nature of diseases, these analysis models have
certain limitations; for example, it seems that
they are not able to provide a proper description
of the biological process of the disease.
Additionally, in diseases with multiple
simultaneous transition pathways, utilizing the

multi-state models may be difficult or
impossible.!”

The authors acknowledged that this study has
some potential limitations and further
complementary measures are required. Primarily,
due to low transition numbers, the statistical
power of our analysis model may be lower than
that of other studies with multiple transitions and
with the same design. Secondly, in our data, some
states like metastasis were considered in a binary
mode, while the patients may have multiple
metastases’ history and the multiplicity of
metastases could have an increasing effect on the
occurrence of death as the next stage. In addition,
in this study, the selection bias should be
considered due to the excluded incomplete patient
records. Nevertheless, the number of excluded
patients was not significant in this regard. Despite
these shortcomings, multi-state models can
provide more useful information on the nature
of diseases like breast cancer compared with the
other survival models. Furthermore, we believe
that our research, with a relatively large sample
size and almost different results, along with the
findings of other studies could be valuable and
applicable for future investigations.

Conclusion

In the current study, we estimated the HRs
and transition probabilities of transitions using a
multi-state model. Although interpreting the results
of the studies extracted from multi-state models
was not clinically easy, these models provided
valuable information in terms of disease outcomes
and transition paths formation for clinical usage.
In this study, we indicated the transition paths of
breast cancer. The results of our study showed
that over time, the transition probabilities of
patients decreased. Meanwhile, the results of the
transition probabilities from metastasis to death
state were opposed to those from surgery to
metastasis state. Our findings also revealed that
the EBRT method, advanced stage, and grade of
the tumor increased the hazard of transition from
the surgery state to the metastasis state.
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