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The study supports the hypothesis that number_of_positive_lymph_n 
(imaging variable) and init_clinical_staging_m and race (pre-surgery 
variables) are key predictors of rectal cancer outcomes. 

Despite the small sample size (55 cases), the study provides 
multidimensional insights into rectal cancer prognosis. Future work 
should expand the dataset and test findings over a longer period to 
improve reliability. As imaging technology advances, its role in 
predicting and improving patient outcomes will likely become even 
more critical.
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Methodology, Data, & Results

All the continuous explanatory variables are first standardized into the z scores by subtracting the sample mean and dividing by sample standard 
deviation, to remove the dimensionality for the data but preserve the variability. 

Then three different regression techniques are utilized to determine whether any variable of the variables is consistently and significantly associated 
with outcomes. Using Stata and Python programming, the regression results are examined with (Panel A of each table) only the imaging variables 
and (Panel B of each table) with both imaging variables and pre-surgery variables (or control variables).

Discussion

Acknowledgements

Objective

In general, across almost all methods I used, the 
number_of_positive_lymph_n imaging variable is significant and 
positively associated with path_t_stage, path_m_stage, and 
path_n_stage outcomes. The number_of_positive_lymph_n refers to the 
number of lymph nodes to which cancer has spread, also known as the 
n-stage. Clinically, this aligns with the understanding that lymph node 
involvement worsens outcomes, as cancer spreads through the 
lymphatic system, increasing the risk of metastasis. Studies (Kroon et 
al., 2022; Sluckin et al., 2022) highlight the impact of lateral lymph 
node metastasis, particularly in locally advanced rectal cancer, on 
recurrence and survival rates.

Among control or pre-surgery variables, init_clinical_staging_m and race 
are generally significantly associated with path_t_stage, path_m_stage, 
and path_n_stage outcomes. init_clinical_staging_m refers to clinical M, 
or metastatic, stage, determined at diagnosis prior to any treatment. 
This emphasizes how racial disparities exist in rectal cancer survival, 
with black patients showing worse survival rates than white patients, 
even with similar treatments, likely due to biological and systemic 
factors.

Background

Method 1: Tobit and Logit Regression
Since the dependent variables are not continuous variables, the Tobit 
regression method is utilized for path_t_stage, path_n_stage, and 
path_m_stage which can take ordered values, and the Logit regression 
method is used for recurrence that is 0 or 1 indicator variable.

Method 3: Ridge & ElasticNet Regression

Imaging variable, 
number_of_positive_
lymph_n, is significantly 
associated with path N 
Stage in both Panels A 
and B.

In Ridge regression, overfitting deals with multicollinearity problems by 
imposing penalties on the regression coefficients. ElasticNet is also chosen 
for its ability to combine the advantages of LASSO and Ridge regression, 
providing a robust approach to handling high-dimensional data and 
multicollinearity. 

Results

number_of_positive_lymph_n and 
lymphovascular_invasion imaging 
variables are significantly 
associated with the path M Stage 
outcome in both Panels A and B.

Results

Imaging variable, 
number_of_positive_
lymph_n, is 
significantly 
associated with path T 
Stage and path N 
Stage outcomes in 
both Panels A and B. 
Among the 
pre-surgery or control 
variables, 
init_clinical_staging_m 
appears to be a 
significant predictor of 
path T Stage, path N 
Stage and path M 
Stage outcomes, and 
race appears to be a 
significant predictor of 
path N Stage and path 
M Stage outcomes in 
Panel B.

Method 2: Adaptive LASSO, SCAD, & MCP 
Regression

LASSO (Least Absolute Shrinkage and Selection Operator) performs 
variable selection and regularization, effectively selecting the variables that 
are most important to the response variable. Smoothly Clipped Absolute 
Deviation (SCAD) and Minimax Concave Penalty (MCP) improve model 
performance. 

Results

presence of positive lymphovascular 
invasion

presence of positive lymph 
nodes

no significant 
positive lymph nodes

presence of 
significant positive 

lymph nodes

The study aims to identify pre-surgery and MRI variables that 
significantly predict rectal cancer outcomes, measured by pathologic 
TNM staging and recurrence. This information is crucial for prognostic 
assessment, surgical planning, and treatment evaluation.

Rectal cancer is a subtype of colorectal cancer (CRC), the third most 
common cancer and the second leading cause of cancer-related deaths 
globally. Treatment differs from colon cancer due to the rectum’s 
proximity to other organs, making surgical planning complex. Advances 
in MRI imaging have improved treatment decisions and outcome 
predictions.

Rectal cancer is staged using the TNM system, which assesses tumor 
size (T-stage), lymph node involvement (N-stage), and metastasis 
(M-stage).

Data
The small sample but high-dimensional data used in my analysis is 
collected from Case Western Reserve University’s Department of 
Biomedical Engineering, from 55 patients treated at University 
Hospitals Cleveland Medical Center.

Variables analyzed:
- Pre-surgery (control) variables: Sex, BMI, race, days from diagnosis 

to surgery, initial cancer staging, and tumor marker levels.
- MRI variables: Mucin production, tumor margins, lymph node 

involvement, and invasion of nearby structures.

There are 4 outcome variables: 
- Pathologic T-Stage (path_t_stage): Measures tumor size and 

invasion, ranging from 0 (no tumor) to 4 (tumor spreading to nearby 
organs and lymph nodes)

- Pathologic N-Stage (path_n_stage): Assesses lymph node 
involvement, with 0 indicating no spread, 1 indicating limited 
metastasis, and 2 indicating extensive lymph node involvement.

- Pathologic M-Stage (path_m_stage): Evaluates distant metastasis, 
where 0 means no spread beyond nearby lymph nodes, 1 indicates 
distant metastasis, and 2 signifies more extensive spread.

- recurrence: A binary measure where 0 indicates no cancer recurrence 
after treatment, and 1 signifies recurrence within the follow-up 
period.

Conclusion

Hypothesis
Among the various pre-surgery and MRI variables available for 
colorectal cancer patients, Initial staging, or Clinical TNM among the 
pre-surgery variables, and the extent of lymph node involvement by 
cancer cells, in imaging variables are significantly associated with 
pathologic TNM and recurrence, consistently across all the different 
regression methods used.
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guidance in this project.
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Objective

Background

The study aims to identify pre-surgery and MRI variables that 
significantly predict rectal cancer outcomes, measured by 
pathologic TNM staging and recurrence. This information is crucial 
for prognostic assessment, surgical planning, and treatment 
evaluation.

Rectal cancer is a subtype of colorectal cancer (CRC), the third most 
common cancer and the second leading cause of cancer-related 
deaths globally. Treatment differs from colon cancer due to the 
rectum’s proximity to other organs, making surgical planning 
complex. Advances in MRI imaging have improved treatment 
decisions and outcome predictions.

Rectal cancer is staged using the TNM system, which assesses 
tumor size (T-stage), lymph node involvement (N-stage), and 
metastasis (M-stage).

Cleveland Clinic et al, IHME Global Burden

These are Open Access Sources

of Disease (2024) et al, Mayo Clinic et al, 



Template ID: conceptualizingcobalt  Size: 48x36

The small sample but high-dimensional data used in my analysis is 
collected from Case Western Reserve University’s Department of 
Biomedical Engineering, from 55 patients treated at University 
Hospitals Cleveland Medical Center.

Variables analyzed:
- Pre-surgery (control) variables: Sex, BMI, race, days from diagnosis 

to surgery, initial cancer staging, and tumor marker levels.
- MRI variables: Mucin production, tumor margins, lymph node 

involvement, and invasion of nearby structures.

There are 4 outcome variables: 
- Pathologic T-Stage (path_t_stage): Measures tumor size and 

invasion, ranging from 0 (no tumor) to 4 (tumor spreading to 
nearby organs and lymph nodes)

- Pathologic N-Stage (path_n_stage): Assesses lymph node 
involvement, with 0 indicating no spread, 1 indicating limited 
metastasis, and 2 indicating extensive lymph node involvement.

- Pathologic M-Stage (path_m_stage): Evaluates distant metastasis, 
where 0 means no spread beyond nearby lymph nodes, 1 indicates 
distant metastasis, and 2 signifies more extensive spread.

- recurrence: A binary measure where 0 indicates no cancer 
recurrence after treatment, and 1 signifies recurrence within the 
follow-up period.

Data
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Hypothesis

Among the various pre-surgery and MRI variables available for colorectal 
cancer patients, Initial staging, or Clinical TNM among the pre-surgery 
variables, and the extent of lymph node involvement by cancer cells, in 
imaging variables are significantly associated with pathologic TNM and 
recurrence, consistently across all the different regression methods used.
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Methodology, Data, & Results

All the continuous explanatory variables are first standardized into the z scores by subtracting the 
sample mean and dividing by sample standard deviation, to remove the dimensionality for the data but 
preserve the variability. 

Then three different regression techniques are utilized to determine whether any variable of the 
variables is consistently and significantly associated with outcomes. Using Stata and Python 
programming, the regression results are examined with (Panel A of each table) only the imaging 
variables and (Panel B of each table) with both imaging variables and pre-surgery variables (or control 
variables).
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Method 1: Tobit and Logit Regression

Since the dependent variables are not continuous variables, the Tobit regression method is 
utilized for path_t_stage, path_n_stage, and path_m_stage which can take ordered values, 
and the Logit regression method is used for recurrence that is 0 or 1 indicator variable.

Results

number_of_positive_lymph_n and 
lymphovascular_invasion imaging variables 
are significantly associated with the path 
M Stage outcome in both Panels A and B.

presence of positive lymphovascular invasion
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The study supports the hypothesis that number_of_positive_lymph_n 
(imaging variable) and init_clinical_staging_m and race (pre-surgery 
variables) are key predictors of rectal cancer outcomes. 

Despite the small sample size (55 cases), the study provides 
multidimensional insights into rectal cancer prognosis. Future work 
should expand the dataset and test findings over a longer period to 
improve reliability. As imaging technology advances, its role in 
predicting and improving patient outcomes will likely become even 
more critical.
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In general, across almost all methods I used, the 
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positively associated with path_t_stage, path_m_stage, and 
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are generally significantly associated with path_t_stage, path_m_stage, 
and path_n_stage outcomes. init_clinical_staging_m refers to clinical M, 
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This emphasizes how racial disparities exist in rectal cancer survival, 
with black patients showing worse survival rates than white patients, 
even with similar treatments, likely due to biological and systemic 
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Method 1: Tobit and Logit Regression
Since the dependent variables are not continuous variables, the Tobit 
regression method is utilized for path_t_stage, path_n_stage, and 
path_m_stage which can take ordered values, and the Logit regression 
method is used for recurrence that is 0 or 1 indicator variable.

Method 3: Ridge & ElasticNet Regression

Imaging variable, 
number_of_positive_
lymph_n, is significantly 
associated with path N 
Stage in both Panels A 
and B.

In Ridge regression, overfitting deals with multicollinearity problems by 
imposing penalties on the regression coefficients. ElasticNet is also chosen 
for its ability to combine the advantages of LASSO and Ridge regression, 
providing a robust approach to handling high-dimensional data and 
multicollinearity. 

Results

number_of_positive_lymph_n and 
lymphovascular_invasion imaging 
variables are significantly 
associated with the path M Stage 
outcome in both Panels A and B.

Results

Imaging variable, 
number_of_positive_
lymph_n, is 
significantly 
associated with path T 
Stage and path N 
Stage outcomes in 
both Panels A and B. 
Among the 
pre-surgery or control 
variables, 
init_clinical_staging_m 
appears to be a 
significant predictor of 
path T Stage, path N 
Stage and path M 
Stage outcomes, and 
race appears to be a 
significant predictor of 
path N Stage and path 
M Stage outcomes in 
Panel B.

Method 2: Adaptive LASSO, SCAD, & MCP 
Regression

LASSO (Least Absolute Shrinkage and Selection Operator) performs 
variable selection and regularization, effectively selecting the variables that 
are most important to the response variable. Smoothly Clipped Absolute 
Deviation (SCAD) and Minimax Concave Penalty (MCP) improve model 
performance. 
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The study aims to identify pre-surgery and MRI variables that 
significantly predict rectal cancer outcomes, measured by pathologic 
TNM staging and recurrence. This information is crucial for prognostic 
assessment, surgical planning, and treatment evaluation.

Rectal cancer is a subtype of colorectal cancer (CRC), the third most 
common cancer and the second leading cause of cancer-related deaths 
globally. Treatment differs from colon cancer due to the rectum’s 
proximity to other organs, making surgical planning complex. Advances 
in MRI imaging have improved treatment decisions and outcome 
predictions.

Rectal cancer is staged using the TNM system, which assesses tumor 
size (T-stage), lymph node involvement (N-stage), and metastasis 
(M-stage).

Data
The small sample but high-dimensional data used in my analysis is 
collected from Case Western Reserve University’s Department of 
Biomedical Engineering, from 55 patients treated at University 
Hospitals Cleveland Medical Center.

Variables analyzed:
- Pre-surgery (control) variables: Sex, BMI, race, days from diagnosis 

to surgery, initial cancer staging, and tumor marker levels.
- MRI variables: Mucin production, tumor margins, lymph node 

involvement, and invasion of nearby structures.

There are 4 outcome variables: 
- Pathologic T-Stage (path_t_stage): Measures tumor size and 

invasion, ranging from 0 (no tumor) to 4 (tumor spreading to nearby 
organs and lymph nodes)

- Pathologic N-Stage (path_n_stage): Assesses lymph node 
involvement, with 0 indicating no spread, 1 indicating limited 
metastasis, and 2 indicating extensive lymph node involvement.

- Pathologic M-Stage (path_m_stage): Evaluates distant metastasis, 
where 0 means no spread beyond nearby lymph nodes, 1 indicates 
distant metastasis, and 2 signifies more extensive spread.

- recurrence: A binary measure where 0 indicates no cancer recurrence 
after treatment, and 1 signifies recurrence within the follow-up 
period.

Conclusion

Hypothesis
Among the various pre-surgery and MRI variables available for 
colorectal cancer patients, Initial staging, or Clinical TNM among the 
pre-surgery variables, and the extent of lymph node involvement by 
cancer cells, in imaging variables are significantly associated with 
pathologic TNM and recurrence, consistently across all the different 
regression methods used.
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LASSO (Least Absolute Shrinkage and Selection Operator) performs variable selection and regularization, 
effectively selecting the variables that are most important to the response variable. Smoothly Clipped 
Absolute Deviation (SCAD) and Minimax Concave Penalty (MCP) improve model performance. 

Results

Method 2: Adaptive LASSO, SCAD, & MCP Regression

no significant positive lymph 
nodes

presence of significant 
positive lymph nodes

Imaging variable, number_of_positive_lymph_n, is 
significantly associated with path T Stage and path N 
Stage outcomes in both Panels A and B. Among the 
pre-surgery or control variables, 
init_clinical_staging_m appears to be a significant 
predictor of path T Stage, path N Stage and path M 
Stage outcomes, and race appears to be a significant 
predictor of path N Stage and path M Stage outcomes 
in Panel B.
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Method 3: Ridge & ElasticNet Regression

Imaging variable, 
number_of_positive_lymph_n, is 
significantly associated with 
path N Stage in both Panels A 
and B.

In Ridge regression, overfitting deals with multicollinearity problems by imposing penalties 
on the regression coefficients. ElasticNet is also chosen for its ability to combine the 
advantages of LASSO and Ridge regression, providing a robust approach to handling 
high-dimensional data and multicollinearity. 

Results

presence of positive lymph nodes
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presence of positive lymph nodes

no significant positive lymph 
nodes

presence of significant 
positive lymph nodes

presence of positive lymphovascular invasion

Discussion
In general, across almost all methods I used, the 
number_of_positive_lymph_n imaging variable is significant and 
positively associated with path_t_stage, path_m_stage, and 
path_n_stage outcomes. The number_of_positive_lymph_n refers 
to the number of lymph nodes to which cancer has spread, also 
known as the n-stage. Clinically, this aligns with the 
understanding that lymph node involvement worsens outcomes, 
as cancer spreads through the lymphatic system, increasing the 
risk of metastasis. Studies (Kroon et al., 2022; Sluckin et al., 2022) 
highlight the impact of lateral lymph node metastasis, particularly 
in locally advanced rectal cancer, on recurrence and survival rates.

Among control or pre-surgery variables, init_clinical_staging_m 
and race are generally significantly associated with path_t_stage, 
path_m_stage, and path_n_stage outcomes. init_clinical_staging_m 
refers to clinical M, or metastatic, stage, determined at diagnosis 
prior to any treatment. This emphasizes how racial disparities 
exist in rectal cancer survival, with black patients showing worse 
survival rates than white patients, even with similar treatments, 
likely due to biological and systemic factors.
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The study supports the hypothesis that number_of_positive_lymph_n (imaging variable) and 
init_clinical_staging_m and race (pre-surgery variables) are key predictors of rectal cancer outcomes. 

Despite the small sample size (55 cases), the study provides multidimensional insights into rectal 
cancer prognosis. Future work should expand the dataset and test findings over a longer period to 
improve reliability. As imaging technology advances, its role in predicting and improving patient 
outcomes will likely become even more critical.

Conclusion
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The study supports the hypothesis that number_of_positive_lymph_n 
(imaging variable) and init_clinical_staging_m and race (pre-surgery 
variables) are key predictors of rectal cancer outcomes. 

Despite the small sample size (55 cases), the study provides 
multidimensional insights into rectal cancer prognosis. Future work 
should expand the dataset and test findings over a longer period to 
improve reliability. As imaging technology advances, its role in 
predicting and improving patient outcomes will likely become even 
more critical.
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method is used for recurrence that is 0 or 1 indicator variable.

Method 3: Ridge & ElasticNet Regression

Imaging variable, 
number_of_positive_
lymph_n, is significantly 
associated with path N 
Stage in both Panels A 
and B.

In Ridge regression, overfitting deals with multicollinearity problems by 
imposing penalties on the regression coefficients. ElasticNet is also chosen 
for its ability to combine the advantages of LASSO and Ridge regression, 
providing a robust approach to handling high-dimensional data and 
multicollinearity. 
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lymphovascular_invasion imaging 
variables are significantly 
associated with the path M Stage 
outcome in both Panels A and B.
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Stage and path N 
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The study aims to identify pre-surgery and MRI variables that 
significantly predict rectal cancer outcomes, measured by pathologic 
TNM staging and recurrence. This information is crucial for prognostic 
assessment, surgical planning, and treatment evaluation.

Rectal cancer is a subtype of colorectal cancer (CRC), the third most 
common cancer and the second leading cause of cancer-related deaths 
globally. Treatment differs from colon cancer due to the rectum’s 
proximity to other organs, making surgical planning complex. Advances 
in MRI imaging have improved treatment decisions and outcome 
predictions.

Rectal cancer is staged using the TNM system, which assesses tumor 
size (T-stage), lymph node involvement (N-stage), and metastasis 
(M-stage).

Data
The small sample but high-dimensional data used in my analysis is 
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Hospitals Cleveland Medical Center.
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- Pre-surgery (control) variables: Sex, BMI, race, days from diagnosis 

to surgery, initial cancer staging, and tumor marker levels.
- MRI variables: Mucin production, tumor margins, lymph node 

involvement, and invasion of nearby structures.

There are 4 outcome variables: 
- Pathologic T-Stage (path_t_stage): Measures tumor size and 

invasion, ranging from 0 (no tumor) to 4 (tumor spreading to nearby 
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- Pathologic N-Stage (path_n_stage): Assesses lymph node 
involvement, with 0 indicating no spread, 1 indicating limited 
metastasis, and 2 indicating extensive lymph node involvement.

- Pathologic M-Stage (path_m_stage): Evaluates distant metastasis, 
where 0 means no spread beyond nearby lymph nodes, 1 indicates 
distant metastasis, and 2 signifies more extensive spread.

- recurrence: A binary measure where 0 indicates no cancer recurrence 
after treatment, and 1 signifies recurrence within the follow-up 
period.

Conclusion

Hypothesis
Among the various pre-surgery and MRI variables available for 
colorectal cancer patients, Initial staging, or Clinical TNM among the 
pre-surgery variables, and the extent of lymph node involvement by 
cancer cells, in imaging variables are significantly associated with 
pathologic TNM and recurrence, consistently across all the different 
regression methods used.
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