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Abstract

Background: Colon cancer is a leading cause of cancer-related deaths worldwide, and survival outcomes are influenced by a
variety of factors, including biological traits, treatment type, and patient characteristics. Traditional statistical models, such as
Kaplan-Meier curves, have been widely used to estimate survival probabilities. However, these models often have difficulty
handling complex interactions, covariates, and non-linear relationships between risk factors. Recently, machine learning
techniques have emerged as promising tools for improving survival prediction by handling large covariates and capturing
complex patterns.

Objective: This study compares severa machine learning (ML) models to accurately estimate colon cancer survival by
leveraging data from the Kentucky Cancer Registry (KCR). By identifying key risk factors, these analyses aims to improve risk
stratification, treatment planning, and prognosis for overall colon cancer survival and within subgroups.

M ethods: This retrospective study examines registry datato compare a variety of predictive modeling techniques, including Cox
proportional hazards, accelerated failure time (AFT) models, random survival forests, Lasso, and Elastic Net, which were applied
to the registry data to predict survival probabilities. The models were evaluated based on their predictive accuracy, feature
importance, and ability to handle complex risk factors.

Results: Key covariates influencing survival outcomes, such as age, treatment type, positive nodes, tumor stage, smoking, and
comorbidities, were identified as significant predictors of survival. The results highlight the strengths and limitations of each
machine learning approach, with the random forest and Lasso models outperforming traditional methods in terms of prediction
accuracy and identifying non-linear relationships.

Conclusions: This comparative analysis offers valuable insights for clinical decision-making and prognosis, highlighting the
potential of machine learning to identify risk factors specific to different subgroups, ultimately advancing personalized care for
colon cancer patients.
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ABSTRACT

Background:

Colon cancer is a leading cause of cancer-related deaths worldwide, and survival outcomes are
influenced by a variety of factors, including risk factors, treatment type, and patient characteristics.
Traditional statistical models, such as Kaplan-Meier curves, have been widely used to estimate
survival probabilities. However, these models often have difficulty handling complex interactions,
covariates, and non-linear relationships between risk factors. Recently, machine learning techniques
have emerged as promising tools for improving survival prediction by handling large covariates and
capturing complex patterns.

Objective:

This study compares several machine learning (ML) models to accurately estimate colon cancer
survival by leveraging data from the Kentucky Cancer Registry (KCR). By identifying key risk
factors, these analyses aim to improve risk stratification, treatment planning, and prognosis for
overall colon cancer survival and within subgroups.

Method:

This retrospective study examines registry data to compare a variety of predictive modeling
techniques, including Cox proportional hazards, accelerated failure time (AFT) models, random
survival forests, Lasso, and Elastic Net, which were applied to the registry data to predict survival
probabilities. The models were evaluated based on their predictive accuracy, feature importance, and
ability to handle complex risk factors.

Results:
Key covariates influencing survival outcomes, such as age, treatment type, positive nodes, tumor
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stage, smoking, and comorbidities, were identified as significant predictors of survival. The results
highlight the strengths and limitations of each machine learning approach, with the random forest
and Lasso models outperforming traditional methods in terms of prediction accuracy and identifying
non-linear relationships.

Conclusions:

This comparative analysis offers valuable insights for clinical decision-making and prognosis,
highlighting the potential of machine learning to identify risk factors specific to different subgroups,
ultimately advancing personalized care for colon cancer patients.

Keywords: Colon cancer survival; colorectal cancer; Cox model; Elastic Net; Lasso; machine
learning models; risk factors; random forest; survival estimation.

INTRODUCTION

Colon cancer, also known as colorectal cancer (CRC) is a leading cause of cancer-related deaths
globally"*. It affects the colon or rectum, which are parts of the large intestine. CRC typically
develops from adenomatous polyps, abnormal growths in the colon lining that may take several years
to become cancerous. Despite advancements in screening, early detection, and treatment, colon
cancer remains a significant public health concern. Survival rates are influenced by several risk
factors', including cancer stage at diagnosis, the presence of metastasis, and various individual and
biological risk factors. Early-stage detection offers better survival outcomes, while more advanced
stage detections are associated with significantly lower rates of survival. Given these variations in
survival outcomes across different subgroups of the population, understanding the risk factors that
influence prognosis is essential for improving patient care and survival outcomes.

Colon cancer survival rates in the United States have improved significantly over the past few
decades, largely due to advancements in early detection, treatment, and enhanced screening
protocols. According to the Centers for Disease Control and Prevention (CDC), the 5-year relative
survival rate for colon cancer has increased from 50% in the 1970s to approximately 64% in recent
years’. However, survival rates vary significantly by stage at diagnosis: localized colon cancers have
a 5-year survival rate of approximately 90%, whereas late-stage diagnoses have survival rates as low
as 14%?*. These improvements were attributed to the growing implementation of colorectal cancer
screening programs, such as colonoscopies, which allow for early detection and intervention. Despite
these advances, disparities in survival persist based on factors like race, socioeconomic status, and
access to healthcare, with non-Hispanic Black patients experiencing lower survival rates compared to
non-Hispanic Whites®.

These subgroup variations pose significant challenges for public health efforts. While national
survival rates have improved, significant regional disparities remain. For example, in Kentucky,
colon cancer survival rates are notably lower than the national average, highlighting key public
health challenges in the region. The state's overall 5-year survival rate for colon cancer is
approximately 61%, which is lower than the national average of 64%?>. Additionally, Kentucky has
one of the highest colorectal cancer mortality rates in the United States, partially due to high rates of
smoking, obesity, and physical inactivity, all of which are modifiable risk factors for colon cancer®.
Limited access to healthcare and early screening programs, particularly in rural or Appalachian
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regions, contributes to delayed diagnoses and poorer survival outcomes*’. Although Kentucky has
implemented various cancer control initiatives, such as increasing access to screenings, these efforts
have been less effective in rural areas, where healthcare resources remain scarce®’. As a result, higher
number of patients in Kentucky are diagnosed at later stages compared to the USA overall, which
significantly impacts their chances of survival®®.

Risk Factors for Colon Cancer

Colon cancer is influenced by a combination of non-modifiable and modifiable risk factors. Age is
one of the most significant non-modifiable risk factors, with most CRC cases diagnosed in
individuals aged 60 and above'®. The accumulation of genetic mutations and cellular damage over
time is believed to contribute to the increased incidence of colon cancer in older populations®.
Additionally, individuals with a family history of colon cancer particularly those with first-degree
relatives (parents, siblings, or children) who have been diagnosed have a higher risk of developing
the disease'. Certain inherited genetic syndromes, such as Familial Adenomatous Polyposis (FAP)
and Lynch Syndrome, also increase the likelihood of early-onset CRC due to genetic mutations in
mismatch repair genes'>*,

Among modifiable risk factors, smoking and alcohol consumption significantly increase colon
cancer risk. Carcinogens in tobacco smoke can damage colon cell DNA, while heavy alcohol intake
contributes to the accumulation of acetaldehyde, a known carcinogen that promotes CRC
development'>'®. Studies show that individuals who both smoke and consume excessive alcohol face
an even higher risk'”'®,

Physical inactivity, obesity, and chronic inflammatory conditions like Crohn's disease and ulcerative
colitis are known risk factors for CRC". Studies have shown that regular physical activity is
associated with a reduced risk of CRC, as exercise enhances gastrointestinal motility, lowers
systemic inflammation, and supports a healthy body weight'>*. Conversely, abdominal obesity
increases CRC risk*, as excess visceral fat triggers chronic inflammation and elevates hormone
levels, such as insulin and leptin, which can stimulate cancer cell growth”. Research suggests that
obesity-related colon cancer risk is particularly high for cancers located in the proximal colon®.
Additionally, dietary habits, hormonal factors (especially in women), and screening practices play
essential roles in CRC prevention and detection. Regular screening methods, including colonoscopy,
sigmoidoscopy, and fecal occult blood tests, can detect precancerous polyps or early-stage cancers,
significantly improving survival rates** with 5-year survival around 90%> for patients diagnosed at
an early stage with localized cancer.

Survival Outcomes and Prognosis

The prognosis for colon cancer patients depends largely on the characteristics of the cancer at the
time of diagnosis. These characteristics may include the stage, which describes the extent of cancer
spread. The TNM staging system is commonly used to classify cancer based on tumor size (T),
lymph node involvement (N), and the presence of metastasis (M). Patients diagnosed at Stages I and
IT typically have localized disease, with no lymph node involvement, and high survival rates (90-
95%), when treated early”. In Stage III, cancer has spread to nearby lymph nodes, but not too distant
organs, leading to moderate survival rates (40-70%), depending on treatment effectiveness®. Stage
IV represents advanced disease, where cancer has metastasized to distant organs such as the liver or
lungs, resulting in significantly lower survival rates (10-15%)”. However, newer treatment
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approaches such as targeted therapies, immunotherapies, and palliative care have improved survival
and quality of life for patients with metastatic disease.

Colon cancer continues to be a major global health challenge, with survival outcomes influenced by
early detection, lifestyle modifications, and timely intervention. While modifiable risk factors such as
diet, exercise, and smoking cessation play a critical role in cancer prevention, genetic predispositions
and medical conditions like inflammatory bowel disease (IBD) further complicate individual risk
profiles. Early screening remains the cornerstone of improving colon cancer survival, as timely
detection dramatically increases the likelihood of successful treatment.

Despite progress in cancer surveillance and treatment, a major challenge remains: accurately
predicting survival outcomes based on individual risk factors. Cancer survival surveillance using
registry data is often complicated by incomplete or unreliable cause-of-death information, which
limits the effectiveness of public health interventions and cancer control strategies. The aim of this
paper is to explore how risk factors influence prognostic outcomes in cancer survival analysis using
machine learning models. Specifically, we seek to answer two key questions: how do different risk
factors impact cancer survival across various subgroups, and which risk factors are the strongest
predictors in understanding survival outcomes within these subgroups?

METHODS
Data Source and Cohort Selection

The Kentucky Cancer Registry (KCR), a part of the Surveillance, Epidemiology, and End Results
(SEER) Program and the National Program of Cancer Registries (NCR), provides comprehensive,
population-based data on cancer incidence, survival, treatment, and patient demographic factors in
Kentucky. KCR routinely linked the cancer incidence data to the Kentucky state mortality data and
the National Death Index data to ensure most updated mortality information. Following approval
from the Institutional Review Board (IRB #63067) and completion of the data use agreement, we
extracted de-identified level II colon cancer data from the KCR for the most recently available period
(January 1, 2010, to December 31st, 2022) for this retrospective study. The study included all non-
institutionalized adult patients (aged >18 years) diagnosed with colon cancer during the study period.
Patients with missing diagnosis, treatment, or staging data were excluded, ensuring data integrity.

Patient, Disease, and Treatment Factors

Patient demographic and risk factors such as age at diagnosis, sex, race, ethnicity, marital status,
smoking status, cigarette pack years, and geographical residence (Appalachian or Non-Appalachian
regions of Kentucky) were extracted from the KCR for patients diagnosed with colon cancer. Age at
diagnosis was categorized as early onset (18- 60 years) or late (over 60 years). Due to the low
representation of certain racial groups, patients who were neither White nor Black were categorized
as “Other” to maintain statistical power. Ethnicity was classified into “Not of Spanish or Latino
origin” and “Other” due to small sample sizes. Marital status was grouped into broader categories,
with divorced and separated individuals combined into a single “Divorced or Separated” category,
and those living with a partner or having unknown marital status grouped under “Unknown.”

Histological types® not matching “8140” (Adenocarcinoma NOS), “8210” (Papillary

Adenocarcinoma, Papillary subtype), “8240” (Tubulovillous Adenocarcinoma), and “8480”
(Mucinous Adenocarcinoma) were categorized as “Other/Unspecified.” Treatment records were
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similarly streamlined based on the first course treatment: patients reporting no treatment, unknown
treatment, or refusal were grouped under “No/Unknown or Refused Treatment.” Those undergoing
surgery for primary or regional sites were listed as “Surgery (Primary and Regional),” while
individuals receiving multi-modal treatment with surgery, chemotherapy, or radiation belonged to
“Surgery + (Chemotherapy and/or Radiation).” Additional therapies were categorized as “Other.”

Colon cancer staging was often done using either the American Joint Committee on Cancer (AJCC)
TNM system or the SEER Summary Stage system. The AJCC TNM staging is detailed, providing
specific breakdowns of the tumor's size (T), regional lymph node involvement (N), and presence of
distant metastasis (M). In contrast, we chose the SEER 2018 Summary Stage as it is a simplified
system that categorizes cancer's spread into broader groups: In situ (confined to the origin site),
localized (confined to the organ of origin without spread), regional (spread to nearby tissues or
lymph nodes), distant (spread to distant organs), and unknown (extent of spread cannot be
determined). Unlike the AJCC system, which offers a more granular, detailed assessment of cancer
progression, the SEER Summary Stage aggregates these details into more general categories and
more consistent across years, making it useful for large-scale epidemiological studies and
population-based cancer survival tracking.

Insurance coverage was reclassified into four primary categories to streamline analysis. Patients with
private or employer-based insurance were grouped under “Private Insurance.” Those covered by
government-funded programs, including Medicare, Medicaid, TRICARE (Military), Workers’
Compensation, Veterans Affairs (VA), and the Indian Health Service (IHS), were classified as
“Government-Related Programs.” Patients who were uninsured or self-paid were categorized as
“Uninsured or Self-Pay,” while individuals with non-specific, unknown, or unreported insurance
statuses were assigned to the “Other/Unknown Payers” group.

Statistical Analysis

We outlined key statistical approaches for analyzing the risk factors associated with colon cancer
survival (from time of diagnosis until death or censored) in Kentucky adults. First, we provided a
summary of colon cancer data sourced from the Kentucky Cancer Registry. Next, we examined colon
cancer survival across various individual risk factors using Kaplan-Meier® survival curves. We
incorporated all significant risk factors into multivariable models, employing the Cox proportional
hazards model®, the Accelerated Failure Time (AFT) model®, the Random Survival Forest model*,
the Least Absolute Shrinkage and Selection Operator (Lasso) Regression®, and the Elastic Net™
procedures. Finally, we conducted subgroup analyses to further explore the risk factors that were the
strongest predictors of survival outcomes. R statistical software (R Core Team, 2023) was used for
all analyses®.

The multivariate Cox proportional hazards model is a statistical method used in cancer survival
studies and allows for the simultaneous analysis of multiple risk factors, estimating the risk of death
while effectively controlling for confounders. This approach is particularly beneficial in identifying
independent risk factors impacting survival, adjusting for the effects of other covariates.
Additionally, the multivariate nature of the model enables the investigation of complex interactions
between variables, providing a more comprehensive understanding of the factors affecting survival
outcomes in colon cancer patients.

The Accelerated Failure Time (AFT) model is an alternative to the Cox proportional hazards model
that is particularly useful for survival analysis when the proportional hazards assumption is not met
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or when focusing on modeling time to an event rather than hazard rates. The AFT model assumes
that covariates accelerate or decelerate survival time, which is useful in assessing how risk factors
can shorten or extend patient survival time. Unlike the Cox model's focus on hazard ratios, the AFT
model directly interprets time, offering clearer insights into absolute survival durations, an essential
factor in understanding patient prognoses.

The Random Survival Forest (RSF) is a non-parametric, machine learning technique that extends the
traditional random forest algorithm to survival data. In our study, the RSF model was utilized to
predict patient outcomes based on extensive risk factors. Its major advantage lies in its ability to
capture complex interactions and non-linear relationships between risk factors, dynamics that
traditional models like Cox or AFT might miss. Moreover, RSF’s capacity to handle censored data
and missing values makes it robust for real-world clinical datasets. The model also aids in feature
selection by identifying the strongest predictor variables, helping clinicians focus on key risk factors
that drive survival outcomes.

Lasso and Elastic Net

The Lasso and the Elastic Net regularization techniques were utilized for the colon cancer survival
data, because the number of risk factors were relatively large. Regularization is a method of
constraining or penalizing model parameters to prevent overfitting, leading to better model fit and
generalization.

Lasso Regression

Lasso is a regularized version of linear regression, where the model is penalized using the L,norm
(sum of the absolute values of the coefficients). The goal of using Lasso is to improve the prediction
accuracy and interpretability of the model by forcing some of the coefficients that do not contribute
to predicting survival to exactly zero. This essentially is equivalent to performing feature selection.
The mathematical formulation of the Lasso is:
E;O:argmm .

B
Here, J; is the observed target or censored time for colon cancer death in an " individual, X; is the
vector of risk factors, B, is the coefficient of the " predictor and 1 is the regularization parameter
that controls the strength of penalty and p is the number of parameters.

th

Elastic Net

The Elastic Net is a regularization technique that combines both L, regularization (Lasso) and L,
regularization (Ridge). It was introduced to overcome some of the limitations of Lasso, particularly
when dealing with highly correlated risk factors. The Elastic Net performs better in situations where
there are many predictors, some of which may be correlated. The mathematical formulation of the
Elastic Net is:

_argmin ;

Belastic net ,B 6

Where A and 1, are the regularization or hyperparameters corresponding to L, and L, penalties
respectively and controlling the strength of each penalty.

The Lasso procedure was chosen because we believe that only a subset of the predictors was most
relevant for colon cancer survival prognosis determination. Lasso is particularly effective for sparse
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data, where many features are present but only a few are significant, and its automatic feature
selection enhances model interpretability. The Elastic Net was selected because the risk factors may
be correlated with each other, making the Elastic Net better suited for handling multicollinearity.

RESULTS

The results from a total sample of 33,825 including 15,838 patients who were alive and censored as
of December 31, 2022, are shown below. The following risk factors for colon cancer survival were
investigated: age at diagnosis, treatment, sex, race, ethnicity, marital status, smoking status, cigarette
pack years, tumor grade, positive lymph nodes, clinical tumor size, geographic region (Appalachian
status), histology classification/type, and CS (clinical stage) lymph nodes, insurance, and seer 2018
summary classification of the tumor. Table 1(a, b) shows the distribution of the data across the risk
factors while Tables 2, 3 and 4 show the comparison of the methods.

Table 1a: Distribution of colon cancer characteristics across continuous variables

Mea Media

N n Std n Min Max
Age 33825 65.95 13.74 67.00 18.00 103.00
Cigarette Pack Years 18602 16.76 27.29 0.00 0.00 300.00
Tumor Size Clinical
(mm) 7094 49.04 36.74 46.00 0.00 989.00
CS Lymph Nodes 19932 72.72 125.04 0.00 0.00 800.00
Risk factors N Mean Std Median  Min Max
Age 33825 65.95 13.74  67.00 18.00 103.00
Cigarette Pack Years 18602 16.76 27.29 0.00 0.00 300.00
Tumor Size Clinical (mm) 7094 49.04 36.74 46.00 0.00 989.00
CS Lymph Nodes 19932 72.72 125.04  0.00 0.00 800.00

Table 1b: Distribution of colon cancer characteristics by categorical variables
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Risk factors Count Percent
Sex 17740 53.0

Male

Female 15730 47.0
Race 30854 92.2

White

Black 2262 6.8

Other 354 1.1
Ethnicity 32970 98.5

Note Spanish or Latino

Other 500 1.5
Smoking Status 11551 34.5

Non-Smoker

Smoker 12079 36.1

Unknown/Unspecified 9840 29.4
Marital Status 4268 12.8

Married

Single or Never Married 17905 53.5

Widowed 3969 11.9

Divorced/Separated 6139 18.3

Living with Partner or Unknown/Not reported 1142 3.6
Appalachia 23126 69.1

Non-Appalachia

Appalachia 10344 30.9
Treatment Group 3366 10.1

No/Unknown or Refused treatment

Surgery 23510 70.2

Chemo and or Radiation 1191 3.6

Chemo/Radiation with Surgery 2986 8.9

Other Therapies 2417 7.2
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Insurance Type 289 0.9
Private Insurance
Government-Related Programs 21563 64.4
Uninsured/Self-Pay 8293 24.8
Other Programs 3325 9.9
Histology 21841 65.3
Adenocarcinoma NOS
Papillary Adenocarcinoma 2189 6.5
Tubulovillous Adenocarcinoma 1126 3.4
Mucinous Adenocarcinoma 2051 6.1
Other/Unspecified 6263 18.7
Positive Nodes 13975 41.8
Negative sentinel node
Sentinel nodes Positive 8183 24.4
Unknown/Other 11312 33.8
SEER 2028 Summary Stage 4911 14.7
In situ, localized
Regional, early spread 1645 4.9
Regional, more extensive spread 1282 3.8
Distant spread or metastasis 1563 4.7
Unknown/Unspecified 24069 71.9

Table 2: Comparison of hazard ratios across racial, diagnosis age, and geographical subgroups using
Lasso regression

Non- Appal
Risk factor Overall White  Black Early Late  Appalachia  achia
Age 1.035 1.035 1.033 NA NA 1.036 1.032
Treatment (Ref = No/Unknown or Refused)
Surgery (primary and regional) 0.309 0.304 0.321 0.297 0.28 0.327 0.289
Chemo and or radiation therapies 0.434 0.423 0.501 0.539 0.364 0.433 0.412
Surgery + (chemo/radiation) 0.264 0.26 0.286 0.269  0.202 0.277 0.246
Other therapies (immuno, endoscopic,
gene, etc.) 0.622 0.61 0.68 0.653 0.43 0.68 0.558
Sex
Female 0.865 0.859 0.897 0.929  0.853 0.855 0.901
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Race (Ref = White)

Black 1.087 NA NA 1.176 1.027 1.069 1.127
Other 0.546 NA NA 0.449  0.548 0.554 0.381
Ethnicity (Ref = Not Spanish or Latino)

Other 0.96 1.000 0.866 0.796 1.000 0.978 1.000
Marital Status (Ref = Married)

Single (never married) 0.779 0.776 0.842 0.813  0.845 0.774 0.807
Widowed 0.985 0.981 1.007 1.002 1.000 1.000 1.000
Divorced/separated 0.977 0.968 1.049 0.996 1.275 0.965 0.980
Living with partner/unknown/unreported 0.766 0.767 0.893 0.732 0.827 0.771 0.864
Smoking Status (Ref = Never smoker)

Smoker (cigarettes, e-cigarette, cigar) 1.244 1.234 1.178 1.234 1.177 1.268 1.163
Smoker (unknown) 0.872 0.89 0.784 0.871 0.848 0.848 0.869
Cigarette Pack Years 1.002 1.002 1.000 1.004 1.001 1.001 1.003
Tumor Grade (Ref= Localized)

Regional by direct extension 1.149 1.003 1.126 1.273 1.156 1.031 1
Regional to lymph nodes 1.545 1.338 1.219 1.955 1.504 1.407 1.218
Regional by both direct extension and

regional lymph nodes 1.419 1.224 1.221 1.843 1.36 1.332 1.158
Unknown/Unstageable 1.259 1.088 1 1.289 1.244 1.076 1.179
Positive Nodes (Ref = All sentinel nodes examined are negative)

Sentinel nodes are positive 1.538 1.555 1.668 1.838 1.502 1.559 1.586
Other/Unknown 1.917 1.909 2.132 2.724 1.749 1.938 1.883
Tumor Size 1.003 1.003 1.007 1.004 1.003 1.005 1.003
CS Lymph Nodes 1.001 1.001 1.000 1.000 1.001 1.001 1.001

Geographical Region (Ref = non-Appalachia)

Appalachia 1.073 1.077 1.000 1.053 1.012 NA NA

Histology (Ref = Adenocarcinoma NOS)

Papillary Adenocarcinoma 0.585 0.586 0.617 0.416 0.612 0.599 0.599
Tubulovillous Adenocarcinoma 0.268 0.281 0.217 0.123 0.347 0.28 0.248
Mucinous Adenocarcinoma 1.058 1.051 1.051 1.054 1.056 1.076 1.000
Other/Unspecified 0.791 0.811 0.695 0.592 0.852 0.825 0.793
Insurance (Ref = Private Insurance)

Government-Related Programs 0.985 1.000 1.000 0.953 1.091 1.000 0.981
Uninsured or Self-Pay 0.796 0.814 0.827 0.727 0.697 0.825 0.78
Other/Unknown Payers 1.227 1.278 1.036 1.211 1.385 1.304 1.181
SEER 2018 Summary (Ref = In situ,

Localized)

Regional, early spread 1.581 1.548 1.19 1.698 1.585 1.595 1.364
Regional, more extensive spread 1.112 1.121 0.795 1.253 1.146 1.103 1.000
Distant spread or metastasis 1.325 1.298 1.17 1.868 1.284 1.213 1.411
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Unknown/Unspecified 1.974 1.949 1.621 3.297 1.797 1.976 1.832

Note: The dots (.) represent hazard ratios that were estimated as 1 (i.e., no change in hazard) by the Lasso procedure.

Survival and prevalence of colon cancer death

Figure 1 shows the annual incidence and mortality rates of colon cancer, highlighting temporal trends
(slight deep in 2020 due to the COVID pandemic lockdown) in diagnosis and survival. Figure 2
illustrates the overall survival probability rates and the prevalence of colon cancer deaths over time.
The overall survival rate reflects the average survival probability for patients diagnosed in a given
year, whereas the prevalence of colon cancer death is defined as the ratio of total colon cancer deaths
to total diagnoses in that year. It could be observed that both overall survival and the prevalence of
colon cancer death agree and show the current effort being made to improve colon cancer survival.
However, Figure 3 (panel A-L) shows a Kaplan-Meier curve for colon cancer survival distributions
for each risk factor, highlighting statistically significant differences between the distributions of at
least two subgroups for each risk factor. Figure 4 (panels A and B) shows the cross-validation results
for the Lasso and Elastic Net procedures. Notably, Elastic Net results closely mirrored those of the
Lasso and are omitted for brevity, with optimal lambda value determined at 0.18% for Lasso and
0.30% for Elastic Net. Figure 5 illustrates the variable importance for the risk factors in the random
survival forest model. The plot highlights the order of importance, with the "red" box plots indicating
significant predictors of survival. These predictors are ranked based on their contribution to the
model’s ability to accurately assess survival outcomes, emphasizing the most influential variables.

Figure 1: A comparison of new CRC cases and deaths across the study period
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Figure 2: Understanding the CRC survival and prevalence across time.
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Colon Cancer Survival and Prevalence of Death Over Time
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Figure 3. Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution
by risk factors and time since diagnosis, with vertical dashes representing 2, 5, 10, and 15-year

survival probabilities.
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Figure 5: The overall ranking of risk factor importance and for each subgroup, as determined by the

random survival forest model.
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region. App1: Non-Appalachia, App2: Appalachia.

Model Results: Overall

After examining the risk factors, it was found that in the Cox model, the most significant predictors
of colon cancer survival, listed in order of importance, were positive nodes, treatment group, age,
tumor size, CS lymph nodes, and tumor grade, with the remaining factors having no significant
impact on survival. Similarly, the AFT model identified the same set of key predictors and sex,
ranked in the same order (Table 3, “Overall” column). However, in the Random Survival Forest, the
importance of risk factors differed slightly, with treatment group, positive nodes, age, clinical tumor
size, CS lymph nodes, marital status, race, histology, insurance, cigarette pack years, tumor grade,
smoking status, ethnicity, Appalachia status, and sex following in descending order (Figure 5 panel
A). The effects of ethnicity, Appalachia, and sex were relatively small compared to the other factors.
The standardized out-of-bag (OOB) Continuous Ranked Probability Score (CRPS) estimate was
0.155, with a performance error of 0.254, indicating a very good fit of the model.

Table 2 presented the results for the Lasso model. For instance, the hazard ratio for overall age is
1.035, indicating that for each additional year of age, the risk of death from colon cancer increased
by 3.5%. Patients who underwent surgery (primary and regional) had a 69.1 lower risk of death
compared to those who refused treatment or had no treatment, representing a significant reduction in
risk. The most effective treatment regimen was surgery combined with either chemotherapy or
radiation therapy, which showed the greatest benefit compared to all other treatment options.
Females had a 13.5 lower risk of colon cancer death compared to males (Table 2 and Figure 3 panel
C). Blacks had 8.7% higher risk of colon cancer death compared to Whites, even after adjusting for
other risk factors in the model (Table 2). The rest of Table 2 can be interpreted in similar ways.

https://preprints.jmir.org/preprint/ 72665 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Adatorwovor et a

Racial subgroup

The significant risk factors for predicting colon cancer survival differ across racial groups, as
identified by the Cox (Table 4) and the AFT (Table 3) models. Among Whites, the most important
predictors are treatment, positive nodes, age, tumor size, tumor grade, CS lymph nodes, sex, and
histology. For Blacks, however, the key predictors shift slightly, with positive nodes, smoking status,
insurance, age, histology, CS lymph nodes, and cigarette pack years emerging as the primary factors
(Tables 3 and 4). These differences highlight the potential impact of both genetic and lifestyle factors
on survival outcomes in different racial groups. In the random survival model for the Whites, the risk
factors were ranked in the following order of importance: treatment group, positive nodes, age,
tumor size, marital status, histology, cigarette pack years, CS lymph nodes, and tumor grade. The
out-of-bag (OOB) standard concordance index (CRPS) was 0.149, with an OOB requested
performance error of 0.241. The rest of the risk factors had minimal impact on survival predictions.
For Blacks, the key predictors included positive nodes, treatment group, CS lymph nodes, insurance,
age, cigarette pack years, tumor size, and smoking. The standard OOB CRPS was 0.184, with an
OOB requested performance error of 0.327. All other risk factors contributed minimally to influence
survival outcomes (Figure 5 panels B1 and B2). The above analysis was not repeated for the “Other*
racial group due to limited data.

Geographical Region

In both the AFT and Cox models, key risk factors for colon cancer survival vary between individuals
living in the Appalachia region and those outside of it. For non-Appalachia residents, significant
factors include treatment group, positive lymph nodes, age at diagnosis, tumor grade, marital status,
and clinical tumor size (in the AFT and Cox models), with histology and CS lymph nodes also
emerging as significant factor in the Cox model (Tables 3 and 4). In contrast, for Appalachia
residents, survival is influenced by treatment group, age at diagnosis, positive lymph nodes, clinical
tumor size, marital status, tumor grade, CS lymph node, and histology classification. The main
differences between the two groups are the inclusion of CS lymph node and histology as significant
factors for Appalachia residents, while clinical tumor size and smoking status are less relevant for
patients in non-Appalachia region.

In the random survival forest model, the risk factors associated with colon cancer survival differ
slightly between individuals living in Appalachia and those in non-Appalachia regions. For non-
Appalachia residents (Figure 5 panel D1), the most influential factors, in order of significance,
include treatment group, age at diagnosis, positive lymph nodes, marital status, CS lymph nodes,
race, cigarette pack years and smoking status. Clinical tumor size had high impact but with high
variability. Insurance, histology classification, and tumor grade also had high relevance on survival.
The rest of the variables had minimal impact, with standardized OOB of 0.151 and OOB requested
performance error of 0.244. In contrast, for patients in Appalachia regions, the key significant risk
factors were positive lymph nodes, age at diagnosis, treatment group, clinical tumor size, and
smoking status with OOB standard CRPS of 0.191 and OOB requested performance error of 0.353.
Cigarette pack years, histology, insurance, race, tumor grade, CS lymph nodes, and smoking status
also had high impact with high variability. The primary differences lie in the order of significance,
with risk factors like treatment received and positive lymph nodes consistently being important for
both non-Appalachia and Appalachian residents, but factors such as marital status, insurance, and
clinical tumor size being more prominent in non-Appalachia than Appalachia.
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Early vs late age diagnosis

In both the Cox and AFT models, the risk factors for colon cancer survival differ slightly between
early and late stages, with some overlap and key distinctions.

For early diagnosis, the most significant risk factors across both models include positive nodes,
treatment group, tumor grade, tumor size, histology and race. In the Cox model, clinical tumor size is
also an important factor, while the AFT model does not highlight this as significant. For late
diagnosis, both models identify treatment group, positive nodes, tumor size, marital status, and CS
lymph node as key predictors. The Cox model ranked CS lymph node and tumor size higher than
marital status, while the AFT model emphasizes CS lymph nodes and marital status in a similar way
but with slightly different weight (Tables 3 and 4). While in the random survival forest model, the
key risk factors for patients diagnosed at early age with colon cancer include positive nodes,
treatment group, and tumor size. Other high-priority factors are tumor grade, race, histology,
cigarette pack years, insurance, CS lymph nodes, and marital status, while the remaining factors have
minimal impact on survival (Figure 5, panel C1). For patients diagnosed at an older age, the key risk
factors shift slightly to include treatment group, positive nodes, marital status, clinical tumor size,
insurance, cigarette pack years, CS lymph nodes, and histology. Tumor grade is also a high-priority
factor. Race, smoking status, sex, ethnicity, and Appalachia status contribute minimally to survival
outcomes (Figure 5, panel C2).

In summary, the risk factors for early diagnosis are largely consistent across the Cox and AFT
models, with both emphasizing positive nodes, treatment group, age, tumor size, tumor grade, race,
and histology. However, race is an additional significant risk factor in the AFT model that is not
significant in the Cox model. For late diagnosis, both models highlight treatment group, positive
nodes, age, tumor size, marital status, histology, cigarette pack years and CS lymph node though
there are differences in the importance of CS lymph nodes and marital status. In the random survival
forest model, many of the same risk factors overlap, but there are notable distinctions. Clinical tumor
grade, race, histology, cigarette pack years, insurance status, CS lymph node, and marital status had
more variability in the early diagnosis group, while clinical tumor size, marital status, tumor size,
insurance status, cigarette pack years, emerge as key additional factors for patients diagnosed at a
later age beyond treatment and positive node.

DISCUSSION

The primary risk factors for colon cancer death included positive lymph nodes, age, treatment
received, clinical tumor size, tumor grade, positive sentinel lymph node, smoking, geographic region,
and marital status across all the statistical models. The highest risk of death was observed among
individuals who received no treatment or refused treatment, compared to those who underwent any
other form of treatment. Social determinants of health such as insurance (which serves as a proxy for
poverty), Appalachia region, marital status, and modifiable risk factors such as smoking significantly
impact survival. Not having insurance, smoking, living in Appalachia region, and being married are
associated with higher risk of dying, highlighting the importance of these factors in survival
outcomes. Consistent with prior studies, these results affirm that men have a higher risk of colon
cancer death than women®’.
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Overall, smokers had a 24 higher risk of mortality compared to non-smokers: a finding consistent
with the results reported by Tsao et al®. Additionally, Appalachian residents had a 7% higher
mortality risk than non-Appalachians (Table 2). In non-Appalachian residents, the hazard of death
was about 21% higher for those with distant metastasis compared to those with in situ localized
cancer diagnosis. In contrast, Appalachian residents experienced an even greater 20% increase,
resulting in a 41 higher risk of death, indicating a more severe association between geographic
factors and cancer spread, like those reported by Wang et al®.

When comparing significant risk factors across racial groups in the Cox model, it was evident that
while the type of treatment received was a significant predictor of survival for the White group, it did
not appear to be a useful predictor for the Black group (Table 4). This disparity may highlight the
possibility that Black patients often seek treatment later in the disease course, potentially reducing
the effectiveness of the treatment they receive. However, modifiable risk factors such as smoking,
cigarette pack years, and insurance status were found to impact survival. This suggests that
addressing these factors could help narrow the gap in colon cancer survival between White and Black
patients.

In the Random Survival Forest model, differences emerged in how treatment and socioeconomic
factors (like insurance and smoking history) influence survival outcomes across racial groups. Both
groups shared predictors like positive nodes and clinical tumor size, tumor grade, but Whites
emphasized treatment received and positive note, while the Black’s survival was more impacted by
positive node and treatment received. Other key effects include smoking and insurance influenced
survival compared to whites. This contrast suggests that while biological factors (such as tumor
characteristics) are universally relevant, socioeconomic and access disparities exacerbate survival
gaps between racial groups. Overall, positive lymph nodes, treatment, age at diagnosis, CS lymph
nodes, tumor size, tumor grade, and histology were important risk factors in both Appalachian and
non-Appalachian areas of Kentucky. CS lymph nodes, however, was more influential within the non-
Appalachian population compared to patients in Appalachia.

For the Cox model, while positive nodes, treatment group, and histology were consistently
significant for both early and late diagnosis, tumor characteristics and social risk factors like marital
status vary between two the groups (early vs late diagnosis). These findings suggest that we need to
integrate critical risk factors into individualized prognostic models. Unfortunately, limitations in
level II data precluded analysis of such modifiable risks as alcohol consumption, obesity, familial
associations, inflammatory bowel diseases, and consumption of processed and red meats, which are
known to increase colorectal cancer risk.

CONCLUSION

This study evaluated multiple survival analysis models, including the Cox Proportional Hazards
Model (Cox model), the Accelerated Failure Time (AFT) model, Random Survival Forests (RSF),
the Lasso regression, and Elastic Net. Each of these models has distinct strengths and assumptions,
making them suitable for different aspects of our research questions. Both Lasso and Elastic Net are
powerful regularization techniques that helped improve the model generalization, interpretability,
and predictive accuracy.

Colon cancer survival and prognosis

Different subgroups may have varying priorities when it comes to the risk factors that influence
colon cancer survival and prognosis determination, rather than relying on a one-size-fits-all
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approach. Understanding these subgroup-specific risk factors enhances our ability to tailor
initiatives, interventions, and preventive measures for different populations, particularly in terms of
screening, treatment, diagnosis, and prognosis.

By using the results from the Cox method, clinicians and researchers can better understand which
risk factors are important in predicting a patients’ risks and guide personalized treatment strategies.
Using the AFT model for colon cancer survival analysis provides valuable insights, especially when
the goal is to predict how long patients are likely to survive based on their individual characteristics,
which can inform personalized treatment strategies and improve a patients’ risk management
technique. By leveraging the predictive power of RSF, the Lasso and Elastic Net techniques,
researchers and clinicians can develop more accurate and individualized survival risk predictions for
colon cancer patients, ultimately supporting personalized treatment plans and improving decision-
making in clinical practice. For example, in the AFT model, among individuals diagnosed at an early
age, smokers experience death 10% sooner than never-smokers. In contrast, among those diagnosed
at a late age, smokers experience death 13% sooner than never-smokers. This suggests that the
modifiable risk factor of smoking might be targeted more urgently among those diagnosed with CRC
at older age than among those diagnosed at an older age.

Colon cancer remains a significant health challenge across many subpopulations, with survival
outcomes strongly influenced by both early detection and the management of various risk factors.
Modifiable lifestyle factors, such as smoking, lack of insurance, and geographic location (which,
although not directly modifiable by individuals can be addressed through public health
interventions), are crucial in mitigating the risk of colorectal cancer. Additionally, non-modifiable
factors, including age, genetic predispositions, and medical conditions such as inflammatory bowel
disease, further shape an individual's risk profile. Early detection through screening remains the most
effective strategy for improving survival**, as it significantly increases the likelihood of successful
treatment when cancer is diagnosed at an early stage. By addressing these risk factors for different
subgroups through improved preventive strategy and intervention and personalized treatment
approaches, we can significantly reduce the global burden of colon cancer.
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Supplementary

Table 3: Log survival time estimates for the overall population and across the different subgroups.

Appalachia
Diagnosis No Yes
Overall White Black Early Late
P
Est | P- | Est | P- | Est - Est | P- | Est | P- | Est | P- P-
(Std | Va | (Std | Va | (Std | V| (Std | Va | (Std | Va | (Std | Va | Est | Va
Risk factor ) 1 ) 1 ) al ) 1 ) 1 ) 1 | (Std) | 1
0.
328 | 2. | 317 | 5 | 541 | 0| 137 | 2. | 1.82 | 1. | 3.09 | 1. | 451 | 1
7 53 2 12 3 1 8 67 1 32 4 15 4 19
(08 | E-| 09 | E-| 22| 4| 12 | E-| (1.2 | E-| (1.2 | E- | (1.39 | E-
Intercept 983) | 04 | 129) | 04 | 062) | 1 | 408) | 01 | 081) | 01 | 235) | 02 3) 03
- - p 0. - -
002 | 2. | 002 | 1. | 0.06 | O 002 | 1. | 0.05 | 1.
6 14 6 83 9 0 3 42 0 57
(0.0 | E-| (0.0 | E-| (0.0 | 3 N N | (0.0 | E- | (0.01 | E-
Age 047) [ 08 | 049) | 07 | 233) | 3 | NA | A | NA | A | 053) | 05| 04) | 06
Treatment (Ref = No/Unknown or Refused)
- 0.
154 | 5. | 161 | 5 | 014 | 8 | 156 | 8 | 163 | 1. | 1.55| 5 | 1.85 | 1.
0 51 3 75 6 0 0 89 7 58 6 15 8 31
Surgery (primary | (0.1 | E- | (0.2 | E-| (05 | 5| (0.3 | E-| (0.2 | E-| (0.2 | E- | (0.38 | E-
and regional) 901) | 16 | 065) | 15 | 923) | 3 [ 981) | 05 | 316) | 12 | 254) | 12 4) 06
0.
180 | 6. | 193 | 9. | 037 | 6 | 150 | 6. | 208 | 1. | 1.91 | 1. | 2.15 | 8.
9 77 4 97 7 0 7 19 8 25 7 30 7 93
Chemo and or| (0.2 | E-| (0.2 | E-| (0.7 | 8 | (04 | E-| (0.2 | E- | (0.2 | E- | (0.40 | E-
radiation therapies | 167) | 17 | 256) | 18 | 359) | 4 | 402) | 04 | 708) | 14 | 703) | 12 | 33) | 08
- 0.
161 | 3. | 1.73 | 1. | 042 | 5| 182 | 3. | .73 | 4. | 1.60 | 3. | 2.06 | 5.
7 10 1 88 4 5 7 84 7 49 0 43 5 06
Surgery + (chemo/ | (0.2 | E-| (0.2 | E-| (0.7 | 7 | (04 | E- | (0.2 | E- | (0.2 | E- | (041 | E-
radiation) 217) | 13 | 352) | 13 | 23) | 7 | 437) | 05 | 636) | 11 | 708) | 09 1) 07
- 0.
Other therapies | 0.57 | 5. | 066 | 2. | 045 | 5| 070 | 7. | 0.76 | 3. | 033 | 1. | 1.57 | 1.
(immuno, 4 31 9 49 1 7 6 65 3 17 1 66 4 61
endoscopic, gene, | (0.2 | E- | (0.2 | E-| (08 | 5| (0.3 | E-| (0.2 | E-| (0.2 | E- | (041 | E-
etc.) 058) | 03 | 211) | 03 | 06) | 4 | 986) | 02 | 585) | 03 | 391) | 01 | 71) | 04
Sex
021 3. (018 ]| 7. |075|0. |03 | 6. | 012 3. | 022 | 5. - 3.
Female 0 88 7 81 4 1 3 84 0 47 5 51 | 0.21 | 10
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0 13
01 |E| (1 |E | @©4]|5]| (@1]E-|(@©1]|E-| (01]E-]|(0.20] E-
016) | 02 | 058) | 02 | 653) | 2 | 881) | 02 | 274) | 01 | 172) | 02 | 83) | 01
Race (Ref = White)
0.13 | 4. 014 | 6. | 0.07 | 7. | 0.16 | 3. | 0.01 | O.
4 60 5 46 7 42 6 83 1 85
(0.1 | E- N N | (3| E-| (02 | E-| (0.1 | E-| (059 | E-
Black 81) |01 | NA | A | NA | A | 156) | 01 | 345 | 01 | 906) | 01 | 92) | 01
0.30 | 5. 123 | 4. | 027 | 7. | 0.18 | 7.
5 27 3 86 8 24 4 02
(0.4 | E- N N| (06 | E-| (0.7 | E- | (04 | E- N
Other 872) | 01 | NA | A | NA | A | 254) | 02 [852)| 01 |815 |01 | NA | A
Ethnicity (Ref = Not Spanish or Latino)
025 | 6. | 0.23 | 7. 1.00 | 3. | 0.13 | 8. | 0.57 | 4. | 0.06 | 9.
2 84 7 01 3 43 3 64 5 47 6 48
(0.6 | E-| (0.6 | E- N| (1.0 | E-| (0.7 | E- | (0.7 | E- | (1.00 | E-
Other 189) | 01 | 175) | 01 | NA | A [ 564) | 01 | 792) | 01 | 559) | 01 | 92) | 01
Marital Status (Ref = Married)
022 | 1. 1020 | 1. | 071 | 0. | 022 | 2. | 0.07 | 7. | 0.14 | 3. | 0.88 | 3.
4 17 7 80 1 1 5 88 9 05 9 59 3 37
Single (never | (0.1 | E-| (0.1 | E-| (04 | 4| (0.2 | E-| (0.2 | E-| (0.1 | E- | (0.30 | E-
married) 431) | 01 | 541) | 01 [ 865) | 4 | 12) | 01 | 08) | 01 | 618) | 01 | 12) | 03
R - 0. S R
008 | 6. | 014 | 4. | 028 | 7| 016 | 5 | 020 | 4. [ 0.00 | 9. | 0.20 | 5.
6 26 0 52 1 2 3 35 9 08 4 87 0 46
0.1 | E| (01| E | @7 |0]| (2] E-| (02]|E-| (02 |E-]|(033]|E-
Widowed 772) | 01 | 869) | 01 | 848) | 7 | 623) | 01 | 526) | 01 | 102) | 01 | 21) | O1
- - 0. - - -
024 | 1. | 031 | 8 | 044 | 4| 035 | 4. | 049 | 2. | 042 | 2. | 0.66 | 6.
9 44 1 94 6 5 9 46 7 11 6 75 9 66
Divorced/ 01| E | (01| E | @©5|6]| 4| E-| (2]|E-| (01| E-]|(0.36]| E-
separated 702) | 01 | 828) | 02 | 98) | 2 | 708) | 01 | 153) | 02 | 934) | 02 | 45) | 02
- - - 0. - - -
049 | 1. | 053 | 1. | 079 | 4| 068 | 3. | 057 | 1. | 0.71 | 9. | 0.51 | 4.
Living with 5 70 3 64 4 2 7 68 5 92 8 07 0 60
partner/unknown/u | (0.3 | E- | (03 | E-| (09 | 2 | (0.7 | E- | (04 | E- | (04 | E- | (0.69 | E-
nreported 605) | 01 | 826) | 01 | 905) | 6 | 633) | 01 | 404) | 01 | 241) | 02 ) 01
Smoking Status (Ref = Never smoker)
R - 0. - R - R
012 | 3. | 015 | 2. | 136 | 0 | 0.09 | 6. | 0.13 | 4. [ 0.01 | 9. | 0.50 | 5.
Smoker 1 40 2 51 6 0 9 52 4 02 1 43 3 19
(cigarettes, e-| (01 | E-| (0.1 | E-| (04 | 2| (0.2 | E-| (0.1 | E-| (0.1 | E- | (0.25 | E-
cigarette, cigar) 266) | 01 | 321) | 01 | 502) [ 4 | 191) | 01 | 601) | O1 | 459) | 01 | 87) | 02
R u 0. R -
1.79 | 9. 1.63 | 0 161 | 1. | 1.83 | 8.
6 46 8 8 8 48 5 61
Smoker (1.0 | E- N | (09 ] 5 N | (1.1 | E- | (1.0 | E- N
(unknown) 746) | 02 NA A | 538) | 9 NA A | 183) | 01 | 687) | 02 NA A
- - 0. - -
000 | 5 | -7e- | 7.1 001 | 0| 000 | 3. | 1E- | 9. | 0.00 | 5 | -4E- | 9.
1 70 04 | 42 9 8 4 68 | 04 | 63 2 43 04 24
Cigarette Pack | (0.0 | E-| (0.0 | E-| (0O | 6 | (0.0 | E-| (0.0 | E- | (0.0 | E- | (0.00 | E-
Years 021) [ 01 | 022) | 01 | 111) | 6 | 044) | 01 | 026) | 01 | 025) | 01 | 43) | 01
Tumor Grade (Ref= Localized)
Regional by direct - 2. - 5. - 0. - 1. - 1. - 7. - 3.
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0.65 0.58 0.14 | 8 | 0.69 0.53 0.65 1.02
7 32 5 56 3 6 0 54 8 37 7 12 6 64
(02 | E-| (03 | E-| (0.8 | 9| (04 | E-| (0.3 | E-| (0.3 | E- | (049 | E-
extension 894) | 02 | 053) | 02 | 674) | 5 [ 842) | 01 | 613) | 01 | 642) | 02 | 01) | 02
- - 0. - - - -
1.03 | 1. | 1.01 | 2. | 023 | 8 | 147 | 7. | 084 | 3. | 1.17 | 3. | 1.14 | 2.
1 28 1 61 8 5 9 81 8 31 9 28 8 99
Regional to lymph | (0.3 | E-| (03 | E-| (1.2 | 1| (0.5 | E-| (0.3 | E- | (0.4 | E- | (0.52 | E-
nodes 201) | 03 | 359) | 03 | 723) | 7 | 522) | 03 | 981) | 02 | 011) | 03 | 86) | 02
- - _ 0. - - - -
Regional by both | 0.85 | 7. | 0.81 | 1. | 1.04 | 2 | 1.70 | 2. | 050 | 1. | 0.87 | 2. | 1.08 | 4.
direct  extension 3 39 0 61 6 8 4 49 5 98 9 79 4 26
and regional | (0.3 | E-| (03 | E-| (09 | 6 | (0.5 | E-| (0.3 | E- | (0.3 | E- | (0.53 | E-
lymph nodes 184) | 03 | 367) | 02 | 808) | 3 | 635) | 03 | 923) | 01 | 998) | 02 | 47) | 02
_ - _ 0. - - - _
048 | 1. | 033 | 3. | 026 | 7 | 113 | 2. | 018 | 6. | 035 | 3. | 098 | 5.
2 15 0 14 7 7 7 91 4 35 4 63 3 11
Unknown/ (03 | E-| (03 | E-| (09 |5 (5| E-| (0.3 | E-| (0.3 | E-| (050 | E-
Unstageable 054) | 01 | 275) | 01 | 357) | 2 | 212) [ 02| 879) | 01| 89 | 01| 39 | 02
Positive Nodes (Ref = All sentinel nodes examined are negative)
- - - 0. - - - -
029 | 5. | 024 | 1. | 034 | 4| 029 | 2. | 020 | 3. | 0.24 | 2. | 0.23 | 3.
8 99 8 37 6 9 0 91 2 29 3 15 2 98
Sentinel nodes are | (0.1 | E- | (0.1 | E-| (05| 0 | (0.2 | E- | (0.2 | E- | (0.1 | E- | (0.27 | E-
positive 586) | 02 | 668) | 01 | 013) | 1 | 746) | 01 | 067) | 01 | 956) | 01 | 52) | 01
- - - 0. - - - =
128 | 2. | 131 | 1. | 201 | 0| 137 | 9. | 128 | 1. | 1.17 | 3. | 1.51 | 3.
9 51 6 16 1 0 9 77 1 49 8 25 7 56
(01 |E| (01 |E| (5] 0] (2] E-| (1]E-| (01| E-|(027] E-
Other/Unknown 434) | 19 | 492) | 18 | 881) | 6 | 587) | 08 | 81) | 12 | 692) | 12 | 52) | 08
_ - _ 0. - - - _
000 | 1. | 000 | 7. | 000 | 9 | 0.00 | 1. | 0.00 | 5. | 0.00 | 2. | 0.00 | 1.
3 86 3 85 1 4 3 94 5 52 5 53 3 15
Clinical Tumor | (7e- | E- | (7e- | E- | (0.0 | 4 | (9E- | E- | (0.0 | E- | (0.0 | E- | (8E- | E-
Size 04) | 06 | 04) | 06 | 067) | 7 | 04) | 03] 019) | 03 | 021) | 02 | 04) | 03
Geographical Region (Ref = non-Appalachia)
005 | 6. | 0.04 | 6. | 029 | 0. | 0.16 | 4. | 0.09 | 4.
0 49 7 76 0 5 4 05 5 86
(01| E-| (0.1 | E-| (05| 7 | (0.1 | E-| (0.1 | E- N N
Appalachia 101) | 01 [ 121) | 01 | 181) | 6 | 971) [ 01 | 358) | 01 | NA | A | NA | A
Histology (Ref = Adenocarcinoma NOS)
0. - -
010 | 6. | 0.03 | 8. | 060 | 5| 058 | 1. | 0.11 | 6. | 0.01 | 9. | -9E- | 9.
2 34 7 67 5 3 5 54 1 69 2 61 04 98
Papillary (02 | E-| (02 | E-| (09 | 3 | (0.4 | E-| (0.2 | E-| (0.2 | E- | (0.41 | E-
Adenocarcinoma 147) | 01 | 184) | 01 | 711) | 1 | 108) | 01 | 588) | 01 | 486) | 01 6) 01
0.
067 | 1. | 084 | 7. | 121 | 3 | 166 | 3. | 0.62 | 2. | 0.10 | 8. | 1.87 | 1.
6 31 8 71 7 4 0 07 5 63 1 51 0 88
Tubulovillous 04 | E-| (04 | E-| (1.2 | 8| (0.7 | E-| (0.5 | E- | (0.5 | E- | (0.79 | E-
Adenocarcinoma 473) | 01 | 796) | 02 | 98) | 4 | 681) | 02 | 585) | 01 | 395) | 01 | 59) | 02
_ - _ 0. - -
034 |5 | 036 | 4 | 078 4029 4. | 043 | 4. | 046 | 1. | 0.27 | 5.
2 42 3 40 5 0 3 15 3 18 6 50 1 60
Mucinous (01 |E| (01 |E| (09| 4] (03| E-| (02| E-| (01 | E-| (046 | E-
Adenocarcinoma 775) | 02 | 801) | 02 | 421) | 6 | 596) | 01 | 128) | 02 | 916) [ 02 | 39) | 01
0.00 | 9. - 7.1 097 | 0. | 041 | 1. - 4. - 8. - 8.
6 67 | 0.04 | 51 5 0 8 33 1013 | 05| 0.04 | 16 | 0.04 | 50
Other/Unspecified | (0.1 | E- 5 E-| (04 | 2| (0.2 | E- 9 E- 0 E- 2 E-
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0.1 01 (0.1 (0.22

378) | 01 | 419) | 01 | 436) | 8 | 781) | 01 | 666) | 01 | 719) | 01 | 38) | 01

0.00 | 2. | 0.00 | 8 | 0.00 | 0. | -3E-| 6. | 0.00 | 7. | 0.00 | 5. | 0.00 | 1.

1 47 1 18 4 0 04 | 88 2 78 1 01 2 35

(5e- | E- | (5e- | E- | (0.0 | O | (7E- | E- | (7E- | E- | (6E- | E- | (7E- | E-

CS Lymph Nodes 04 | 03| 04 [ 03]014) | 8| 04 |01 ]| 04 |04] 04 |02] 04 | 02
Insurance (Ref = Private Insurance)

0.

039 | 6. | 034 | 6. |187| 0| 074| 4. /001 | 9. |04 | 6. | 039 | 6.

3 03 0 52 0 0 9 68 0 93 1 78 8 97

Government- 0.7 | E-| (0.7 | E-| (06 | 3| 10 | E-| (1.1 | E- | (1.0 | E- | (1.02 | E-

Related Programs 539) | 01 | 524) | 01 | 483) | 9 [ 321) | 01 | 026) | 01 | 636) | 01 | 25) | O1

0.

091 | 2 |08 | 2. |179| 0| 111 | 2. | 094 | 4. | 095 | 3. | 0.81 | 4.

0 30 5 43 0 0 5 78 1 01 3 69 4 39

Uninsured or Self- | (0.7 | E- | (0.7 | E- | (06 | 9 | (1.0 | E-| (1.1 | E-| (1.0 | E- | (1.05 | E-

Pay 581) | 01 | 570) | 01 | 881) | 3 | 277) | 01 | 216) | 01 | 606) | 01 | 07) | O1

0.05 | 9. | 0.08 | 9. 047 | 6. | 031 | 7. | 017 | 8 | 045 | 6.

1 47 2 15 5 60 8 75 1 74 4 68

Other/Unknown 0.7 | E-| (0.7 | E- N| (10 | E-| (1.1 | E-| (1.0 | E- | (1.05 | E-

Payers 686) | 01 | 695) | 01 | NA | A | 817) | 01 | 142) | 01 | 796) | 01 | 61) | 01

R 0. - 3

004 | 2. | 004| 2 |029| 0| 001 8 |007|9 | 003]| 3. | 003] 6.

8 01 4 60 2 2 2 57 4 71 7 96 4 41

(00 | E-| (0O | E-| (0.1 | 9| (0.0 | E- | (0.0 | E- | (0.0 | E- | (0.07 | E-

Log(scale) 375) | 01| 392) | 01 | 341) | 7 | 687) | 01 | 445) | 02 | 437) | 01 | 22) | 01

Footnote: Est (std): Estimated log survival time from the accelerated failure time model (standard deviation), P-val: Adjusted p-value.
Notice that the negative sign means that as the covariate increases, the probability of experiencing death increases (survival time is
shorter).

Table 4: Log hazard ratio estimates for the overall population and across the subgroups.

Overall White Black Early Late Non- Appalachia
Diagnosis | Diagnosis | Appalachia
Risk Es P- Es P- Es P- Es P- Es P- Est P- Est P-
factors t Val t Val t Val t Val t Val (Std | Vval | (Std) | Val
(St (St (St (St (St )
d) d) d) d) d)
Age 00| 122 00| 118 | 00| 000 | N | NA | N | NA | 0.023 | 1.15 | 0.053 | 8.87
26 | 68E | 25 | O7E | 88 5 A A (0.00 | 25E | (0.01 | 63E
(0. | -08 | (0. | -07 | (0. | 265 52) -05 07) -07
00 00 03 66
45) 47) 16)
Treatment (Ref = No/Unknown or Refused)
Surgery - 1.03 - 1.35 | 0.0 | 0.98 - 5.11 - 3.63 - 1.00 - 2.13
(primary 14| 84E | 1.5 | 59E | 10 | 993 | 1.6 | O5E | 1.5 | 74E | 1.502 | 95E | 1.965 | 92E
and 76 | -15 | 53 | -14 | (0. | 533 | 40 | 05 | 26 | -12 | (0.22 | -11 | (0.41 | -06
regional) (0. (0. 80 (0. (0. 07) 45)
18 20 18) 40 21
39) 16) 5) 96)
Chemo and | - 1.22 - 3.05 - 0.43 - 0.00 - 291 - 2.95 - 1.88
or radiation | 1.7 | 93E | 1.8 | 69E | 0.7 | 178 | 1.6 | 041 | 1.9 | 2E- | 1.857 | 58E | 2.295 | 97E
therapies 48 | -16 | 75 | -17 | 82 | 175 | 03 | 565 | 62 14 | (0.26 | -12 | (0.44 | -07
(0. (0. (0. (0. (0. 61) 05)
21 22 99 45 25
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11) 2) 53) 43) 81)
Surgery +| - | 498 | - | 363 | 03| 068 - | 187 | - | 1.19]| - |537| - |877
(chemo/rad | 1.5 | 07E | 1.6 | 12E | 95 | 776 | 1.9 | 34E | 1.5 | 51E | 1.537 | 18E | 2.183 | SE-
iation) 41| -13 | 59 | -13 | 0. | 855 | 25 | 05 | 98 | -10 | (0.26 | -09 | (0.44 | 07
(. (. 98 (0. (. 34) 4)
21 22 38) 44 24
32) 82) 97) 82)
Other - 000 - [000]05[060]| - [005] - [0.00 0.18 0.00

therapies 05| 660 | 0.6 | 330 | 60 | 209 | 0.7 | 244 | 0.6 | 518 | 0.305 | 853 | 1.658 | 022
(immuno, 37 | 985 3 889 | (1. | 479 | 95 | 838 | 76 | 855 | (0.23 6 (0.44 | 735

endoscopic | (0. (0. 07 (0. (0. 17) 96)
, gene, etc.) | 19 21 34) 41 24
79) 46) 02) 19)
Sex
Female 0.03 - 0.07 - 0.16 - 0.07 - 0.34 0.05 | 0.223 | 0.30

02| 767 | 0.1 | 553 | 0.8 | 964 | 0.3 | 220 | 0.1 | 440 | 0.214 | 757 | (0.21 | 270
01 | 692 | 80 | 708 | 61 | 131 | 41 | 556 | 12 17 (0.11 | 586 63) 06

(0. (0. (0. (0. (0. 29)
09 10 62 18 11
68) 13) 7) 96) 84)
Race (Ref = White)
Black - 046 | N NA N NA - 0.58 - 0.77 - 0.38 - 0.99
0.1 | 112 A A 0.1 | 280 | 0.0 | 195 | 0.161 | 121 | 0.008 | 046
27 41 77 42 63 91 (0.18 96 (0.62 09
(0. (0. (0. 42) 94)
17 32 21
28) 15) 82)
Other 03] 050 | N NA N NA | 1.2 | 0.05 - 0.75 | 0.19 | 0.68 NA NA
04 | 897 A A 11 566 | 0.2 | 745 | (0.46 | 153
(0. 18 . | 379 | 25 27 41) 12
46 63 (.
02) 31) 72
96)

Ethnicity (Ref = Not Spanish or Latino)

Other - 0.68 - 070 | N | NA - 0.38 | 0.1 | 0.81 - 0.44 | 0.126 | 0.90
02 893 |02] 176 | A 09 | 104 | 65 | 997 | 0.559 | 284 | (1.04 | 429
36 08 26 64 35 44 (0. 19 | (0.72 63 59) 58
(0. (0. 1. 72 8)
58 59 06 3)
99) 09) 75)
Marital Status (Ref = Married)
Single - 0.11 - 0.17 | 0.8 | 0.18 - 0.30 - 0.64 - 0.33 - 0.00
(never 0.2] 030 [ 02| 399 | 78 | 566 | 0.2 | 424 | 0.0 | 245 | 0.150 | 668 | 0.931 | 297
married) 18 72 01 45 0. | 773 | 21 59 9 57 | (0.15 59 | (0.31 | 472
(. (0. 66 (0. (0. 62) 34)
13 14 34) 21 19
66) 77) 54) 32)
Widowed 0.0 | 059 | 0.1 | 041 - 066 | 0.1 | 049 | 0.1 | 041 0.99 0.57

89 | 830 | 45 | 761 | 0.4 | 065 | 82 | 304 | 89 | 926 | 0.001 | 462 | 0.193 | 586
(0. 71 (0. 02 50 | 474 | (0. 78 (0. 43 (0.20 25 (0.34 61

16 17 (1. 26 23 27) 45)
9) 9) 02 51) 46)
6)
Divorced/ | 02 | 0.15 [ 02 [ 008 | - [ 031 |02 053 [ 04 | 002 [ 0402 0.03 0.06

separated | 33 | 177 | 97 | 896 | 0.8 | 583 | 97 | 493 | 53 | 313 | (0.18 | 085 | 0.698 | 399
(.| 8 | (0. ] 344 | 40 | 105 | (0. | 86 | (0. | 812 | 6 | 635 | (0.37 | 579

16 17 (0. 47 19 68)
22) 49) 83 95) 93)
73)

Living 041016 | 05| 015 | 1.0 | 043 | 0.6 | 0.37 | 0.5 | 0.19 | 0.703 | 0.08 - 0.40
with 81 | 186 | 24 | 316 | 67 | 502 | 81 | 608 | 26 | 903 | (0.40 | 562 | 0.593 | 775
partner/unk | (0. 84 (0. 52 (1. | 278 | (0. 25 (0. 97 92) 187 | (0.71 64
nown/unre 34 36 36 76 40 68)
ported 4) 65) 68) 92) 95)
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Smoking Status (Ref = Never smoker)

Smoker 01]035[01]025] - [000]00]068]0.1]040][0.008] 095] 0510 | 0.05
(cigarettes, | 13 | 070 | 44 | 678 | 1.7 | 513 | 89 | 820 | 23 | 959 | (0.14 | 669 | (0.26 | 672
e-cigarette, | (0. | 89 | (0. | 69 | 88 | 185 | (0. | 67 | (0. | 23 | 06) | 05 | 78) | 918

cigar) 12 12 (. 22 14

08) 66) 63 28) 88)

89)

Smoker 18007 | N | NA [24]006| N | NA [1.6] 011 ] 1.849] 007 | NA | NA
(unknown) | 01 | 890 | A 18| 728 | A 23 | 855 | (1.03 | 288

. | o17 (1. | 618 (1| 64 | 12) | 724

02 32 03

52) 12) 99)

Cigarette 0.0 055 |00|073]00]| 0.09(00]|035]0.0] 095 ] 0.001]| 0.52|0.001 | 0.89
Pack Years 01 | 620 | 01 | 209 | 25 | 244 | 04 | 030 | 00 | 749 | (0.00 | 968 | (0.00 | 232
.| 4 | ©. | 49 | @ | 17 | ©. | 19 | ©. | 62 | 24) | 56 | 45 | 98

00 00 01 00 00
2) 21) 5) 44) 24)
Tumor Grade (Ref= Localized)
Regional 06| 002 | 05| 005]| 00|09 | 06| 017 | 05| 0.13 | 0.627 | 0.07 | 1.082 | 0.03

by direct | 27 | 290 | 64 | 329 | 49 | 611 | 66 | 352 | 05 | 268 | (0.35 | 317 | (0.50 | 276
extension (0. | 213 | (0. | 258 | (1. 36 (0. 66 (0. 33 01) 424 69) 5

27 29 16 48 33
56) 2) 09) 94) 56)
Regionalto | 0.9 | 0.00 | 0.9 | 0.00 | - [ 0.74 | 1.4 [ 0.00 | 0.7 | 0.03 | 1.127 [ 0.00 | 1.218 | 0.02
lymph 81 | 126 | 71 | 249 | 05| 591 | 50 | 910 | 85 | 385 | (0.38 | 344 | (0.54 | 667
nodes . ] 432 | (0. | 059 | 52 | 625 | (0. | 546 | (0. | 527 | 52) | 817 | 96) | 463
30 32 (1. 55 36
44) 09) 70 61) 98)
36)

Regional 08 (000 |07]001]13)|031 16| 00004 019 | 0.834| 0.02 | 1.153 | 0.03
by both | 13 | 732 | 78 | 572 | 03 | 277 | 49 | 381 | 73 | 504 | (0.38 | 994 | (0.55 | 764

direct (0. | 828 | (0. | 659 | (1. | 503 | (0. | 321 | (0. 88 42) 596 49) 9
extension 30 32 29 56 36

and 33) 2) 09) 98) 49)

regional

lymph

nodes

Unknown/ | 0.4 | 0.11 | 03| 0.31 | 0.3 | 0.78 | 1.1 | 0.03 | 0.1 | 0.62 | 0.341 | 0.36 | 1.067 | 0.04
Unstageabl | 60 | 384 | 15 | 468 | 45 | 335 | 32 | 114 | 76 | 567 | (0.37 | 088 | (0.52 | 086

e ©. | 72 | | 58 | @ |678| @ |618]| @ | 4 | 36) | 48 | 17) | 074
29 31 25 52 36
06) 3) 46) 54) 02)

Positive Nodes (Ref = All sentinel nodes examined are negative)

Sentinel 0.2] 006 (02| 014 | 03| 063 |03 027 | 02| 0.28 | 0.225 | 0.23 | 0.236 | 0.40
nodes are | 80 | 378 | 35 | 076 | 14 | 697 | 01 | 578 | 03 | 961 | (0.18 | 172 | (0.28 | 570

positive ©. | 474 | ©0. | 8 | © |55 | @ | 64 | 0. | 65 | 83) | 24 | 42) | 07
15 15 66 27 19
1) 96) 51) 65) 21)

Other/ 12128 12585 | 26| 000 13]982 | 127971133 461 1.62 | 1.40

Unknown | 41 | 29E | 75 | 84E | 29 | 128 | 88 | 61E | 13 | 9E- | (0.16 | 22E | (0.28 | 29E
©. | -19 | . | -19 | @ |37 | @ | -08|@© | 13| 38 | -12| 55 | -08
13 14 81 26 16
7) 33) 64) 04) 94)
Tumor size | 0.0 | 1.40 | 0.0 | 631 | 0.0 | 0.92 [ 0.0 | 0.00 [ 0.0 | 0.00 | 0.004 | 0.02 | 0.003 | 0.00
03 | 03E | 03 | 75E | 01 | 388 | 03 | 159 | 05( | 468 | (0.00 | 653 | (8e- | 056
(7e | -06 | (7e | -06 | (0. | 607 | 9e | 761 | 0.0 | 469 | 2) | 452 | 04) | 374

- - 00 - 01
04) 04) 92) 04) 8)
Geographical Region (Ref = non-Appalachia)
Appalachia - 0.67 - 0.68 | 0.5 | 0.42 - 0.39 - 047 | NA NA NA NA

00| 235 | 00| 639 | 67 | 187 | 01| 717 | 0.0 | 884
44 | 06 | 43| 51 | (0. | 794 | 69 | 59 | 89 | 59
(0. (. 70 (. (0.
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10 10 59) 19 12

49) 72) 92) 63)
Histology (Ref = Adenocarcinoma NOS)
Papillary - 0.63 - 0.88 - 0.55 - 0.15 | 0.1 | 0.67 | 0.002 | 0.99 | 0.028 | 0.94
Adenocarci | 0.0 | 763 | 0.0 | 402 | 0.7 | 123 | 0.5 | 008 | 00 | 687 | (0.23 | 255 | (0.43 | 883
noma 96 71 3 94 68 67 98 98 (0. 6 98) 68 19) 8

(0. (0. 1. (0. 24

20 20 28 41 07)

48) 9) 8) 55)
Tubulovillo | - 0.12 - 0.07 - 0.33 - 0.02 - 0.25 - 0.84 - 0.01
us 06| 611 | 0.8 | 412 | 1.6 | 993 | 1.6 | 922 | 0.5 | 972 | 0.101 | 565 | 1.971 | 747
Adenocarci | 51 81 18 | 704 | 51 | 434 | 92 | 619 | 84 73 | (0.51 66 | (0.82 | 958
noma (0. (0. (1. (0. (0. 91) 95)

42 45 72 77 51

59) 83) 98) 61) 83)
Mucinous 03] 005|03] 004 | 11] 037 | - 0.45 | 0.4 | 0.03 | 0.453 | 0.01 - 0.56
Adenocarci | 28 | 249 | 47 | 370 | 30 | 242 | 0.2 | 542 | 15 | 604 | (0.18 | 398 | 0.277 | 415
noma (0. | 475 | (0. | 414 | (2. | 751 | 72 46 (0. 06 42) 821 | (0.48 | 68

16 17 26 (0. 19 1)

89) 21) 73) 36 78)

5)

Other/ - 0.97 | 0.0 | 0.73 - 0.01 - 0.11 | 0.1 | 0.37 | 0.042 | 0.80 | 0.040 | 0.86
Unspecifie | 0.0 | 641 | 47 | 152 | 1.6 | 254 | 0.4 | 345 | 39 | 127 | (0.16 | 125 | (0.23 | 314
d 04 96 (0. 25 25 | 258 | 50 17 (0. 1 56) 93 13) 67

(0. 13 (0. (0. 15

13 59) 65 28 49)

14) 08) 44)

Footnote: Est (std)

increases, the probability of experiencing death increases.

https://preprints.jmir.org/preprint/ 72665

: Estimated log hazard ratio from the Cox model (standard deviation), P-val: Adjusted p-value. Notice that the
negative sign means lower hazard compared to the reference category as the estimated parameter of the covariate (risk factor)

[unpublished, non-peer-reviewed preprint]



JMIR Preprints Adatorwovor et a

Supplementary Files

Untitled.
URL.: http://asset.jmir.pub/assets/ef 05dadec59371aa89f088dchf 7f976f.docx
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Figures
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A comparison of hew CRC cases and deaths across the study period.
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Understanding the CRC survival and prevalence acrosstime.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since

diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since

diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Kaplan-Meier colon cancer survival curves comparison CRC cancer survival distribution by risk factors and time since
diagnosis, with vertical dashes representing 2, 5, 10, and 15-year survival probabilities.
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Cross validation for the Lasso (panel A) and the Elastic Net (panel B).
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The overall ranking of risk factor importance and for each subgroup, as determined by the random survival forest model.
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