Journal of Biostatistics and Epidemiology

J Biostat Epidemiol. 2024;10(2): 209-222

Original Article

Developing a Simple Conceptual Causal Model for Predicting Early Recurrence and
Mortality after Curative Surgery for Colorectal Cancer Patients

Samira Ahmadi?, Shayesteh Alinia?, Zahra Mohammadi?, Farzaneh Rastkar Shirvandeh®, Mohammad Asghari-Jafarabadi*>¢",
Leila Mahmoudi?", Malihe Safari’, Ghodratollah Roshanaei®

'Social Determinants of Health Research Center, Health and Metabolic Diseases Research Institute, Zanjan University of Medical Sciences,
Zanjan, Iran.

2Department of Statistics and Epidemiology, School of Medicine, Zanjan University of Medical Sciences, Zanjan, Iran.

3Student Research Committee, Department of Statistics and Epidemiology, School of Medicine, Zanjan University of Medical Sciences, Zanjan,
Iran.

4Cabrini Research, Cabrini Health, VIC 3144, Australia.

School of Public Health and Preventive Medicine, Faculty of Medicine, Nursing and Health Sciences, Monash University, VIC 3800, Australia.
*Department of Psychiatry, School of Clinical Sciences, Monash University, Clayton, VIC, 3168, Australia.

"Department of Biostatistics, Medicine School, Arak University of Medical Sciences, Arak, Iran.

8Modeling of Non-Communicable Diseases Research Canter, Department of Biostatistics, School of Public Health, Hamadan University of
Medical Sciences, Hamadan, Iran.

ARTICLE INFO ABSTRACT

Introduction: Colorectal cancer (CRC) represents the second leading cause of cancer-related mortality. This
study focused on the development of a robust conceptual causal model designed to predict early recurrence
and mortality following curative surgery in colorectal cancer patients.

Received 03.04.2024 Methods: In this retrospective cohort study, we included 284 patients with colorectal cancer (CRC) who
Revised 23.04.2024 underwent surgery at the Imam Khomeini (RA) Clinic in Hamadan, Iran, between 2001 and 2017. Demographic
Accepted 12.04.2024 characteristics, treatment modalities, and other relevant data were extracted from patient records. Predictors

were analyzed using Generalized Structural Equation Modeling (GSEM) for survival analysis, employing an
accelerated failure time (AFT) approach. Both unadjusted and adjusted time ratios (TRs) were calculated using
STATA software.
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gey woll.‘ds; tructural Results: The results of our developed causal model indicated that receiving chemotherapy was significantly
eneralized structura associated with a shorter survival time ratio (TR = 0.415, 95% CI: 0.290-0.593), and recurrence time (TR =
equation model;

0.363, 95% CI: 0.190-0.696). Conversely, patients who underwent multiple chemotherapy sessions exhibited
a longer survival time (TR = 2.130, 95% CI: 1.790-2.534) and recurrence time (TR = 2.206, 95% CI: 1.609-
3.023). Age had a direct impact on the recurrence time (TR = 0.758, 95% CI: 0.602-0.955). Additionally, age
had a significant direct effect on the receipt of chemotherapy, the cancer site, and the receipt of radiotherapy.
Conclusion: In summary, our study's causal model reveals that chemotherapy shortens survival time but
multiple sessions can extend both survival and recurrence times. Age significantly affects recurrence time
and chemotherapy receipt. These findings highlight the importance of personalized treatment strategies in
colorectal cancer management.
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Introduction

Colorectal cancer (CRC) is the second most
common cause of cancer-related death
worldwide and the third most commonly
diagnosed cancer.! Annually, 1-2 million
people are diagnosed with CRC, with the
highest rates in Western countries.”? The
prevalence of CRC is higher in men (10%) than
women (9.2%).* In 2018, Asia has recorded
the highest rates of both new colorectal cancer
(CRC) cases (51.8%) and deaths (52.4%) per
100,000 population worldwide, encompassing
all genders and age groups.* However, In
countries with well-established screening
programs for colonoscopy and faecal tests,
such as Austria, the Czech Republic, and
Germany, the incidence of colorectal cancer
has significantly declined over time.’

A 2023 study on early recurrence causes is
one of several recent studies on treatment
strategies, death factors®’” and recurrence
predictors that have been prompted by the
growing public health concern that is CRC.?
New gender-based strategies are being
developed to improve colon cancer outcomes
for women, taking into account the lower
incidence of CRC in men.’ In parallel, a
cohort study comprising 9,134 patients has
yielded important insights into a number
of CRC-related topics, such as incidence,
recurrence predictors, treatment approaches,
and the relationship between targeted therapy
and survival in metastatic CRC.'"” Depending
on the patient's characteristics and the study
conditions, different factors can affect
recurrence and the interval between recurrence
and death in CRC patients.!"'> CRC risk
factors include age, lifestyle, history of chronic
illness, positive family history of the disease

(especially in those diagnosed before age fifty),
and diet.> Despite surgical resection being the
primary treatment, 30%-50% of patients may
die from recurrence,'® with up to 80% of deaths
occurring within two years post-resection.’
Previous studies on factors affecting CRC
survival and recurrence have informed
the current framework. It highlights that
various factors, like gender-specific tumor
locations, significantly impact CRC survival
and recurrence.' also tumor location was
associated with gender in both men and
women."” Disease-free survival (DFS) in
the chemotherapy group was significantly
associated with stage disease.'® A significant
association between the likelihood of
receiving chemotherapy was observed for
Stages III and IV of the disease'” and an
additional association was identified between
age and chemotherapy.'® The patients in the
chemoradiotherapy group were found to be
significantly younger in the study of Kang.'¢
A significant relationship was found between
age and Cancer site' and also disease stage
was associated with tumor location.?
Generalized structural equation modeling
(GSEM) is a robust analytical method used
to explore intricate relationships between
variables, particularly in studies involving
survival outcomes. This model offers a
powerful framework for predicting patient
outcomes, which can ultimately support the
development of more effective treatment
strategies and personalized care plans.?' Recent
studies have highlighted the importance of
such models in improving prediction accuracy
and tailoring interventions to individual
patient profiles. Structural equation modeling
(SEM) was employed in two studies to
examine resilience models in colon cancer
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patients, focusing on their flexibility
indices.?? Another study used it to compare
the impact of post-surgical care programs
on cancer patient survival.** Additionally,
a study of 4,530 children in Uganda
employed GSEM to examine the complex
relationships between various risk factors
affecting undernutrition.”’ GSEM efficiently
evaluates survival outcomes in CRC patients
by analyzing various predictors and complex
variable connections. It’s a promising method
for aiding treatment decisions and improving
patient outcomes by identifying factors linked
to mortality and recurrence. This study aims
to use GSEM to identify key predictors of
survival and recurrence in CRC, considering
various clinical, pathological, lifestyle, and
treatment factors. The goal is to develop a
comprehensive model for predicting CRC
patient outcomes.

Methods
Study setting and design

In this retrospective cohort study, we included
284 patients with CRC who underwent
surgery at the Imam Khomeini (RA) clinic in
Hamadan, Iran between 2001 and 2017. Data
on demographic and clinical characteristics
were collected from patients' medical records.
The primary aim of this study was to investigate
the association between various risk factors
and two outcomes - disease recurrence and
mortality - in patients with CRC. Of the 284
patients included in the study, 131 experienced
disease recurrence and 121 died during the
follow-up period. The patients who died during
the study were considered censored data.

Study measurements

Patient records were the source of all
information for this study, including
demographic variables such as gender (male
or female), age at diagnosis (in years) and
body mass index (BMI, in kg/m?). Clinical
variables related to surgery were also extracted,
including radiotherapy(Received-CRT),
cancer site, chemotherapy(Received-chemo)
and morphology. all of which were divided into
yes or no groups (no: 0; yes: 1) and analyzed.
The number of chemotherapy sessions was
divided into three groups: those who did not
participate in chemotherapy sessions, those
who participated in 1 to 6 sessions, and those
who participated in more than 6 sessions. The
grade (differentiation level) was categorized
as good, moderate, or poor, while the disease
stage was categorized as 1:B , 2:C , or 3:D .
Tumor size was categorized into three groups:
1:<4, 2:>=4<7, and 3:>=7. PT-stage(1:T2;
2:T3; 3:T4; 4:Tx), and PN-stage(1:N2; 2:N3;
3:N4; 4:Nx)

The patients for this study were selected based
on their medical records. The inclusion criteria
were patients who had undergone surgery
for CRC. Patients were excluded if they had
other types of cancer or had not undergone
surgery. The reason for this selection was to
focus on the recurrence of CRC after surgery.
To calculate the time to recurrence, the date
of surgery was used as the starting point and
the date of local or distant recurrence as the
endpoint. The time was calculated in months.
Patients who did not have a recurrence by the
end of the study were considered censored for
recurrence. Information on vital status and
date of death was obtained from medical and
administrative records. In this study, all deaths
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were considered CRC deaths. In cases where
patients died during the study period, they
were considered censored observations, and
their contact in.

Study size

Our study assessed sample size adequacy based
on observed variables. With 13 risk factors and
284 patients, the sample size meets the general
recommendation of at least 15 samples per
variable.”

Statistical analysis

We used Generalized Structural Equation
Modeling (GSEM) to model disease recurrence
and survival, incorporating observed variables.
We then created a conceptual causal model
to illustrate the relationships between the
variables. The model displayed the estimation
of the time ratios of the definite effects of the
paths between the observed variables and the
outcomes (recurrence time and survival time).
We also used the Accelerated Failure Time
(AFT) model for unadjusted and adjusted time
ratios to build a GSEM for survival analysis by
multivariate modeling. Survival probabilities
were compared between categories using Log-
Rank tests. PT Stage, PN _Stage, and disease
stage served as mediators in these pathways.
All statistical analyses were performed using
Stata SE wversion 17 (StataCorp, College
Station, Texas 77845, USA), and the statistical
significance level was set at 0.05 for hypothesis
testing.

Generalized Structural Equation Model

GSEM is a multivariate statistical model

that integrates two generalized linear models
(GLMs) and structural equations to facilitate
the simultaneous modeling of complex
regression equations. This approach can
provide a powerful graphical representation
that estimates measurement errors and
interactions between variables.?* GSEM can be
seen as an extension of SEM that enhances its
capabilities. GSEM allows the use of different
types of variables and takes their distributions
into account. It offers several advantages over
alternative modeling methods, such as: 1)
It allows the use of factor variable notation,
especially in the context of Stata. 2) It allows
the use of multilevel models. 3) It includes
both generalized linear responses and linear
responses.*’

Results
Profile of the patients

In this study of 284 patients, 131 experienced
disease recurrence and 121 died. Of all
patients, 134 (47.2%) were women, while
56(42.7%) of the patients who relapsed were
women and 71(58.7%) of those who died were
men. Patients were divided into three groups
based on their age at diagnosis: under 50
years, 51 to 70 years and over 70 years. The
largest group was the second category, with
158(55.6%) patients, of whom 65(53.7%)
died and 72(55.0%) had disease recurrence.
The majority of patients (85.6%) underwent
chemotherapy, of which 119(90.8%) relapsed
and 109(90.1%) died. Those who did not
undergo chemotherapy were 41(14.4%), of
whom 12(9.2%) relapsed and 12(9.9%) died.

The number of chemotherapy sessions was
divided into three categories: zero, less than 6
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sessions and more than 6 sessions. 148(52.1%)
people received more than six chemotherapy
sessions, of whom 76 (58.0%) relapsed
and 61(50.4%) died. Body mass index was
also divided into three categories: normal,
overweight and obese. 180 (63.4%) of patients
were overweight, of whom 72(59.5%) died
and 80 (61.1%) relapsed. For the categorical
variables, disease stage variable was divided
into three categories B, C and D, with most
patients(133 ,46.8%) belonging to category
B, of whom 23(19.0%) died and 28(21.4%)
relapsed. Of the 284 patients, 173 did not
relapse. Of these, 27(22.3%) died. On the other
hand, 111 patients had a recurrence, of whom
110 (84.0%) had a recurrence and 94(77.7%)
died. We calculated the median survival
time of 61.0 months (95% CI: 42.2-79.8)
and calculated the 1,3 and 5 years survival

Table 1. Participants’ profile

probabilities with their 95% CI, which were
86.9%, 62.1% and 50.4%(Tablel).

The log-rank test and the Kaplan-Meier curve
analysis revealed a significant difference in the
death and recurrence rates between the patient
groups (P < 0.001). Patients who received
less than six chemotherapy treatments had
a higher incidence of events compared with
those who did not receive chemotherapy, but
the event rate decreased with more than six
chemotherapy sessions (P < 0.05). The rate
of non-terminal and terminal events increased
significantly with an increase in disease
stage and PT stage (P < 0.001), as shown in
Figures 1-3. In the figures, the difference in
survival is greater at some times than others
and eventually approaches zero, especially for
death after recurrence.

In the quest to find the optimal model, a variety

Characteristics Frequency Percentage Characteristics Frequency Percentage
Age at Diagnosis (years) Morphology (adeno) 281 98.9
50 91 32 Tumor size
51-70 158 55.6 <4 72 254
70 35 12.3 4<7 160 56.3
Gender 7 52 183
Female 134 472 Disease stage
Male 150 52.8 B 133 46.8
Grade (differentiation level) C 84 29.6
Well-differentiated 117 412 D 67 23.6
Moderately differentiated 145 511 PT Stage
Poorly differentiated 22 7.7 T2 41 144
BMI T3 202 71.1
Normal 46 16.2 T4 32 11.3
Overweight 180 63.4 X 9 32
Obese 58 204 PN_Stage
Cancer site No 164 58.1
Colon 185 65.1 N1 83 29.2
Rectum 99 349 NO 25 8.8
Radiotherapy (yes) 89 313 NX 11 39
Chemotherapy (yes) 243 85.6
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Figure 1. Adjusted survival probability for the events according to the Disease- stage
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Figure 2. Adjusted survival probability for the events according to the PT- stage
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Figure 3. Adjusted survival probability for the events according to the chemo

of distributions were examined. The selection
was based on the Akaike Information Criterion
(AIC) and the Bayesian Information Criterion
(BIC), whereby a lower value of these criteria
means a better model fit. After comparing
the different models, there were no major
differences between them, but the Log-normal
model proved to be the most appropriate
model due to the small values compared to the
others (Table 2).

Table 2. Model Comparison Based on Akaike infor-
mation and Bayesian information criteria in Survival
Analysis

AIC BIC
Exponential 537.6461 621.5725
Weibull 532.5906 620.166
Log-normal 513.7307 601.306
Log-logistic 516.4131 603.9885

The optimal model is shown in bold.

Result of conceptual causal Log-normal
model

Figure 4 illustrates the possible paths for the
variables. The time ratio of recurrence time
and survival time is determined based on each
variable in each path in the causal diagram and
the significance of the relationship is indicated
with an asterisk. According to the results of
the optimal model, an increase in recurrence
time was associated with a corresponding
increase in the survival time (TR=1.020,
95% confidence interval (CI): 1.018- 1.022).
Receiving chemotherapy was significantly
associated with a shorter survival time ratio
(TR = 0.415, 95% CI: 0.290-0.593), and
recurrence time (TR = 0.363, 95% CI: 0.190-
0.696). Conversely, patients who underwent
multiple chemotherapy sessions exhibited a
longer survival time (TR = 2.130, 95% CI:
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Figure 4. Causal model of the factors affecting recurrence time and survival time

Time Ratio is reported in the paths.

The model considered the trend effect for ordinal categorical variables: Age, BMI, number of chemotherapy, Grade, Tumor size,

Stage, PT-Stage, PN-Stage

Gender =Male, Morphology= adeno, Cancer site= rectum, CRT= Yes, chemotherapy= Yes

Paths that were significant are indicated with an asterisk.
*: P<0.05

1.790-2.534) and recurrence time (TR =2.206,
95% CI: 1.609-3.023) and as the number of
chemotherapy sessions increased, survival
time also increased. Age had a direct impact
on the recurrence time (TR = 0.758, 95%
CI: 0.602-0.955). In our study, we found that
gender had no significant impact on either the
recurrence time or the survival time. Disease
stage was associated with a 57% reduction in
recurrence time and was statistically significant
(TR=0.430, 95% CI: 0.342- 0.540).

Furthermore, receiving chemotherapy was
significantly associated with the disease
stage (TR=1.209, 95% CI: 1.087- 1.345).
This indicated that the likelihood of receiving
chemotherapy increases as the disease stage

advances. Additionally, age had a significant
direct effect on the receipt of chemotherapy,
the cancer site, and the receipt of radiotherapy.
The results, expressed as time ratios (TR) with
their respective 95% confidence intervals (CI),
were as follows: for chemotherapy, (TR=
0.922, 95% CI: 0.856- 0.994) for the cancer
site, (TR= 0.719, 95% CI: 0.551- 0.937) and
for radiotherapy, (TR= 0.662, 95% CI: 0.492-
0.889).

Discussion
The study aimed to uncover the relationships

between the factors that influenced recurrence
time and survival time in cancer patients. The
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GSEM approach was used, which focused on
the family and link function for the responses
within the model. The study also aimed to
determine the causal mechanism of the risk
factors. The study examined the characteristics
and outcomes of 284 cancer patients. The log-
rank test and Kaplan-Meier curve analysis
revealed a significant difference between the
patient groups in terms of death and recurrence
rates. Patients who had received less than
six chemotherapy treatments had a higher
event rate than patients who had not received
chemotherapy. However, the event rate
decreased with more than six chemotherapy
sessions. The rate of non-terminal and
terminal events increased significantly with an
increasing disease stage and PT stage.

In the study, the predictors for time to
recurrence were analyzed using the log-
normal model. The study clearly showed that
the risk factors that significantly influence
both survival and time to recurrence are
different. In this study, the variables number
of chemotherapy sessions and receipt of
chemotherapy had a direct impact on survival
time and time to recurrence. Both age and stage
had a direct and inverse effect on the time to
recurrence of CRC. Receiving chemotherapy
was associated with shorter survival and a
shorter time to recurrence. However, a notable
relationship was found between the increase
in chemotherapy sessions and recurrence time
and survival time. The ratio of recurrence time
for the different age groups was less than one,
suggesting that patients aged 51 to 70 years
had a lower risk of recurrence than patients in
other age groups.

All things considered, the study offered
significant insights into the traits and results
of cancer patients that may inform treatment

choices and enhance patient outcomes.
The results suggested that chemotherapy
could have a significant impact on cancer
patients' outcomes. Specifically, patients
who had received fewer than six courses of
chemotherapy were more likely to experience
events such as death and disease recurrence
compared to patients who had not received
chemotherapy. However, the event rate
decreased with more than six chemotherapy
treatments. This result was consistent with
other studies that had also investigated the
relationship between chemotherapy and cancer
outcomes.?*?

The study also found that disease stage was a
significant predictor of recurrence time, which
was also consistent with previous studies.’*3! In
addition, the study identified age as a predictor
of recurrence time, with patients aged 51 to
70 years having a lower risk of recurrence
than patients in other age groups. This finding
was consistent with other studies that had
found an association between age and cancer
outcomes.’>’* However, there were some
differences between the results of this study
and others. Some studies have reported that the
use of chemotherapy for certain cancers might
not have improved outcomes.*** Other studies
have identified various predictors of cancer
progression, such as tumor size or molecular
markers.****QOverall, when comparing results
with other studies, it is important to consider
the specific context and characteristics of each
study, as there may be differences in patient
groups, treatment, protocols, and other factors
that may influence results.

The research strengths and limitations

The study has several advantages and offers
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insightful information on the survival rates
of those with CRC. The main risk variables
impacting survival and recurrence times were
found in this study using the Generalized
Structural Equation Modeling, along with the
causal connections between these influencing
risk factors. The GSEM model offers a
versatile modeling technique that can handle
complicated structures and is distinguished by
the simultaneous examination of numerous
variables. We were able to handle a combination
of count, categorical and continuous variables
with our model. It also made it easier to
investigate causal relationships between
variables. This study's validity is increased by
the fact that its conclusions align with many of
the key points in the present literature.

A number of limitations should be taken into
account when interpreting the results of our
investigation. Firstly, the results may not be
as generalizable to wider groups due to the
relatively small sample size of 284 individuals.
To improve the generalizability of the findings,
future studies should aim to include larger and
more diverse patient populations. Second,
because retrospective studies are prone to
issues including missing data and insufficient
medical records, the study's retrospective
methodology raises questions regarding the
validity of the data gathered. Additionally,
prospective study designs could be employed
to mitigate the challenges associated with
retrospective data, such as missing information
and incomplete medical records. Moreover,
our study did not collect data on concomitant
diseases, which may have complicated the
association between the factors examined
and the mortality or recurrence rate of the
condition. Finally, the fact that this study was
only carried out at one center may restrict

the applicability of the findings to other
organizations or centers To address the lack of
data on concomitant diseases, future research
should collect comprehensive information on
patient comorbidities to better understand their
influence on survival and recurrence rates.
Additionally, the study lacked an external
sample to validate the derived model, and
the small sample size prevented data splitting
for cross-validation. Future studies should
consider this limitation and use larger or
external datasets to validate and consolidate
the conceptual model. Lastly, since this study
was conducted at a single center, conducting
multicenter studies would have helped ensure
that the findings were more widely applicable
across different institutions, enhancing the
overall external validity of the study.

Conclusion

In conclusion, our study highlights the
complexity and variability of factors
influencing early recurrence and mortality
following curative surgery for colorectal
cancer. By utilizing a log-normal model,
we demonstrated that distinct risk factors
govern survival and time to recurrence, with
chemotherapy playing a critical role. While
the receipt of chemotherapy was paradoxically
associated with shorter survival and quicker
recurrence, an increase in the number of
chemotherapy extended both
survival and recurrence times. Furthermore,
age and cancer stage emerged as significant
determinants, with patients aged 51 to 70 years
experiencing a lower recurrence risk compared
to other age groups. These findings underscore
the need for tailored post-surgical treatment
strategies that consider both patient age and

sessions
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chemotherapy intensity to optimize long-term
outcomes in colorectal cancer patients.
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