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CONCLUSIONS

1. Developed 43-gene c-RCDI prognostic risk model via a 
novel 2-step ML framework, from non-apoptotic regulated cell 
death pathways. It robustly stratifies CRC patients (HR=8.29, 5-
yr AUROC=0.88).
2. Powerful independent prognostic factor (HR=55.1), far 
exceeding traditional clinical markers like tumor stage (HR=1.5).
3. Biologically coherent: The model captures core CRC 
oncogenic pathways (MYC, EMT) and immunosuppressive 
microenvironments.
4. Identifies novel vulnerabilities by selecting under-explored 
genes (ATP2B4, CHMP6, MAP1B) involved in cellular 
homeostasis and metabolic resilience.
5. A dual-purpose clinical tool that predicts immunotherapy 
failure (high TIDE score) and guides targeted therapies (e.g., 
CDK/MEK inhibitors).

OBJECTIVES

1. Develop a robust c-RCDI risk model from 13 NARCD 
pathways using a novel two-step ML framework.
2. Validate the c-RCDI as a powerful, independent prognostic 
factor against clinical benchmarks.
3. Uncover the biological and immunological drivers 
(oncogenic pathways, immune infiltration) of the high-risk class.
4. Test the c-RCDI's ability to predict immunotherapy 
response and identify targeted drug sensitivities.

METHODOLOGY

Fig. 1: Overall study design for the development of c-RCDI prognostic model.
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Fig. 2: Heatmaps showing the best models from our step 1 and step 2 of the novel ML framework leading to the formation of c-RCDI.
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Fig. 3: Constitution and performance of the c-RCDI prognostic risk model.
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Fig. 4: Multivariate Cox Regression and Nomogram analysis.

Fig. 5: PPI Network, CRISPR-Cas9 KO, and single cell gene analyses.
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Fig. 7: Immune Enrichment, TIDE, Drug sensitivity and ML analysis for high- and low-risk classes.

Fig. 9: Top 10 enriched pathways using GSVA for HALLMARK database.

Fig. 6: KM Plots for four other cancer types based on the c-RCDI model.
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Inaccurate prediction of CRC prognosis with 
traditional clinical factors: CRC Heterogeneity
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Fig. 8: Top 20 features selected using importance score.

0.000

0.025

0.050

0.075

C
H
M

P6

M
A
P1B

C
D
K
4

M
YC

ATP2B
4

N
O
X4

TP63

TXN
IP

ETS2

G
ZM

B

C
D
K
N
2A

AU
R
K
A

N
FA

TC
1

SLC
2A

3

C
D
O
1

YA
P1

C
1Q

C

G
SD

M
C

C
LN

3

STA
T1

G
e
n

e
 I
m

p
o

rt
a
n

c
e
 S

c
o

re

Model Random Forest XGBoost

0.00

0.01

0.02

0.03

C
D
K
4

C
H
M

P6

C
D
O
1

IG
H
G
1

TP63

STA
T1

G
D
F15

YA
P1

M
YC

M
A
P1B

PLIN
4

TC
F7

G
ZM

B

G
SD

M
C

TXN
IP

SU
N
2

C
1Q

C

AU
R
K
A

C
1Q

A

ETS2

F
e

a
tu

re
 I
m

p
o

rt
a
n

c
e
 S

c
o

re

Model Logistic Regression SVM KNN Naive Bayes

Potential CRC 
drivers:
CHMP6
MAP1B
ATP2B4

Known CRC 
drivers:
CDK4
GSDMC
MYC
AURKA
GDF15

Core CRC Pathways:
Angiogenesis
EMT
MYC Pathway
TGF-beta


