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Abstract 

Background  The pre-diagnosis plasma proteomic contexture of colon cancer patients may reflect host immune 
and biological conditions and potentially associate with survival outcomes. We aimed to characterize pre-diag-
nosis proteomic contextures in colon cancer patients and determine potential association with overall survival 
of the patients.

Methods  Baseline plasma samples collected at an average of 7.90 years before diagnosis from colon cancer patients 
in the UK Biobank cohort were analyzed using Olink proteomics technology. Cox-regression analysis was applied 
to identify distinct pre-diagnosis proteomic contextures and determine their association with survival outcomes.

Results  In early-stage colon cancer, a 10-protein pre-diagnosis profile was identified, involving biological processes 
of extracellular matrix remodeling and immune evasion through deregulation of innate immune activation. Increased 
activity in these pathways before diagnosis was associated with poor survival outcomes. In late-stage cases, an 8-pro-
tein pre-diagnosis profile was linked to pathways involving in cell adhesion, angiogenesis, and pro-inflammatory 
response. Similarly, heightened activity in these pathways prior to diagnosis correlated with worse survival. When 
combined with two demographic factors age and sex, these proteomic profiles demonstrated strong predictive 
associations with survival outcomes at multiple time points post-diagnosis. The area under the receiver operating 
characteristic curve values were 0.85, 0.82, and 0.89 for early-stage cancer at 1, 5, and 10 years, respectively, and 0.71, 
0.72, and 0.79 for late-stage cancer over the same periods.

Conclusions  Biological processes like extracellular matrix remodeling and pro-inflammatory response are active well 
before diagnosis and may play a critical role in shaping colon cancer progression.
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Introduction
Colon cancer typically progresses over a lengthy 
period, evolving from benign polyps through a series 
of genetic and epigenetic alterations that span 10 to 15 
years [1]. This extended latency offers an opportunity 
for baseline, pre-diagnosis proteomic markers to reveal 
biological changes that may be associated with cancer 
progression and survival outcomes long before clini-
cal diagnosis [2]. UK Biobank (UKBB), with its exten-
sive baseline plasma samples (53,014 samples for nearly 
3000 proteins) and long-term follow-up, provides an 
invaluable resource for exploring these pre-diagnosis 
proteomic signatures [3]. The UKBB’s large-scale, com-
munity-based, longitudinal dataset allows for robust 
analyses across diverse outcomes, strengthening the 
predictive power of potential biomarkers for broader 
applications.

The host’s biological predispositions, as reflected by 
its plasma proteomic profile, may play a pivotal role in 
shaping the trajectory of colon cancer development long 
before clinical diagnosis [4]. To capture the multifac-
eted biological processes that occur long before clinical 
detection, we introduce the concept of an individual’s 
pre-diagnosis proteomic contexture. This term refers to 
a complex network of plasma proteins involved in criti-
cal biological pathways, offering a snapshot of the host’s 
immune status, physiological conditions, and overall bio-
logical resilience or vulnerability. We hypothesize that 
these proteomic contextures likely experience significant 
shifts during the pre-diagnostic phase of colon cancer, 
reflecting the individual’s capacity to resist or succumb to 
disease progression. As such, they serve as a unique lens 
through which to examine the biological ‘fate’ of patients, 
closely tied to cancer progression and long-term survival 
outcomes.

Despite advances in identifying pre-diagnosis biomark-
ers linked to colon cancer risk [5, 6], few studies have 
examined the association of pre-diagnosis proteomic 
contextures with long-term survival outcomes [7]. In 
this study, we explored these associations by first exam-
ining two contrasting survival outcomes—“super sur-
vivors” who outlive typical prognostic expectations, 
and “poor survivors” who experience rapid disease pro-
gression despite comparable staging at diagnosis. This 
approach leverages these survival extremes to provide an 
opportunity to uncover unique pre-diagnosis proteomic 
contextures that may reflect underlying resilience or vul-
nerability of host immunity to aggressive cancer biology. 
By taking advantage of the extensive baseline pre-diag-
nosis plasma proteomic data from the UKBB cohort at 
recruitment, we aim to characterize pre-diagnosis prot-
eomic contextures associated with survival in both early- 
and late-stage colon cancer.

Methods
This study utilized data from the UK Biobank, a large-
scale biomedical resource that supports research by 
linking comprehensive baseline health data with long-
term health outcomes across a diverse population 
cohort. Ethical approval for the study was granted by 
the North West Multi-Centre Research Ethics Commit-
tee under UK Biobank application number 129053.

This study, based on data from the UK Biobank, lev-
eraged integrated health records and proteomic data to 
investigate pre-diagnosis protein contextures associ-
ated with long-term survival in colon cancer patients. 
We selected participants diagnosed with colon cancer 
after recruitment as our study cohort and examined 
proteomic differences between two distinct survival 
groups: super survivors and poor survivors, in both 
early and late stages. Differentially expressed proteins 
(DEPs) were identified and subjected to enrichment 
analysis, with pre-diagnosis protein signatures con-
structed to predict survival outcomes in both stages. 
The model’s performance was then tested in the entire 
cohort of colon cancer patients. Subgroup analyses 
were performed to assess the model’s effectiveness by 
sex and age, and sensitivity analyses explored potential 
variations in model performance based on tumor loca-
tion and metastasis sites.

Definitions of colon cancer and metastasis
Colon cancer and metastasis status were identified in 
the UK Biobank cohort using the International Classi-
fication of Diseases, 10 th revision (ICD-10) codes from 
hospital records:

•	 Colon Cancer: Defined by ICD-10 code C18, 
including subcategories C18.0-C18.9, covering 
malignant neoplasms of the colon.

•	 Metastasis: Defined by codes C77, C78, and C79 for 
secondary malignant neoplasms (of lymph nodes, 
of respiratory and digestive organs, of other and 
unspecified sites, respectively). Specifically, C78.0 
refers to secondary malignant neoplasm of the lung, 
C78.6 refers to secondary malignant neoplasm of 
retroperitoneum and peritoneum, and C78.7 refers 
to secondary malignant neoplasm of the liver and 
intrahepatic bile duct.

•	 Tumor location: Determined based on ICD-10 
codes: right-sided tumors (C18.0–C18.4) and left-
sided tumors (C18.5–C18.7).
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Cohort selection
The cohort of colon cancer patients were identified 
from the UK Biobank cohort using ICD-10 codes.

•	 Inclusion criteria: Confirmed diagnosis of colon 
cancer, defined by at least one documented ICD-10 
code for colon cancer (C18, including subcategories 
C18.0-C18.9).

•	 Exclusion criteria:

a)	 A history of colon cancer prior to recruitment or 
diagnosis within half-year after recruitment.

b)	 Absence of plasma proteomics data collected at 
the time of recruitment.

Classification of super and poor survivors
To capture meaningful differences in survival-related 
proteomic expression, we used a data-driven approach 
to classify patients into super and poor survivor groups, 
reflecting the natural distribution of survival times 
within the cohort. Rather than applying arbitrary whole-
number thresholds, we derived the cut-off points based 
on observed survival distributions (from diagnosis to 
all-cause mortality), ensuring biologically and clinically 
meaningful groupings (Fig.  1B). These classifications 
focus on survival extremes to identify distinct prot-
eomic patterns potentially that may influence survival 
trajectories.

•	 Super survivors were defined as patients whose sur-
vival exceeded the upper two-thirds percentile of the 
cohort’s survival distribution (> 6.08 years post-diag-
nosis, Fig. 1B). By deriving cut-offs from the cohort, 
this data-driven approach avoids variations in sur-
vival times across different populations, ensuring that 
the classification accurately reflects meaningful sur-
vival differences within the studied group. Although 
6.1% of these patients eventually succumbed to the 
disease, their prolonged survival warranted this clas-
sification, as it may offer insights into biological fac-
tors contributing to survival.

•	 Poor survivors were defined as patients with survival 
time below the median of all deceased patients within 
the cohort (< 1.17 years post-diagnosis, Fig. 1B). This 
approach captures individuals with markedly limited 
survival, enabling the identification of proteomic sig-
natures associated with aggressive disease and poor 
prognosis.

This approach allowed for a detailed comparison of 
proteomic profiles associated with both extended and 

limited survival outcomes in colon cancer, facilitating 
insights into potential biological factors linked to survival 
outcomes.

Proteomic data collection
Plasma proteomic data were obtained from the UK 
Biobank’s April 2023 release, encompassing approxi-
mately 55,000 participants, and generated through the 
Pharma Proteomics Project [8]. Multiplexed proteomic 
assays were performed on baseline plasma samples using 
the Olink Explore 3072 platform, which utilizes dual 
barcoded antibody technology for semi-quantitative 
readouts of 2,923 proteins across 8 panels. After quality 
control measures, 2,699 proteins with less than 30% miss-
ing values in the cohort were retained for analysis. The 
proteomic data in the UK Biobank was pre-normalized 
using inverse-rank normalized approaches, ensuring 
comparability across samples.

Statistical analysis
Continuous variables were summarized as means with 
standard deviations (SD) for normally distributed data 
or medians with interquartile ranges (IQR) for data 
with non-normal distribution. Group comparisons were 
conducted using the Student’s t-test for normally dis-
tributed variables and the Mann–Whitney U-test for 
non-normally distributed data. Categorical variables 
were expressed as frequencies and percentages and were 
compared using Chi-square or Fisher’s exact test, as 
appropriate.

DEPs were identified using unadjusted Cox regression 
models to account for survival time and normalized pro-
teomic datasets. A DEP was defined as a protein with 
a log2 fold change outside the range of − 1 to 1 and an 
unadjusted p-value < 0.05.

To identify biological pathways associated with sur-
vival, we performed Gene Ontology (GO) enrichment 
analysis for metastatic and non-metastatic colon cancer 
groups. Using the “clusterProfiler” package in R, proteins 
were ranked by fold-change in expression between super 
and poor survivors. GO terms were derived from anno-
tated biological processes in reference gene sets, facili-
tating hierarchical classification of gene functions and 
pathway insights relevant to survival.

The time from sample collection to diagnosis was cal-
culated for each individual as the time difference between 
the date of baseline plasma sample collection and the 
date of colon cancer diagnosis. For survival analysis, 
univariable and multivariable Cox proportional hazards 
regression models were used to assess the significance of 
survival differences between super and poor survivors, 
and the predictive value of selected protein biomarkers 
alongside clinical covariates, respectively. Hazard ratios 
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Fig. 1  A Flow chart of the study. B. Survival time distribution from colon cancer diagnosis to death or last follow-up. Each vertical bar represents 
an individual diagnosed with colon cancer, illustrating the time from diagnosis to either death (red) or the last follow-up point (blue). Blue bars 
indicate participants who survived until the study’s end, while red bars denote those who succumbed to the disease during the follow-up period. 
Poor survivors referred to the patients who survived less than the median survival time of deceased patients (1.17 years), while super survivors 
described patients who lived beyond two-thirds of the observed survival time (6.08 years)
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(HRs) with 95% confidence intervals (CIs) were calcu-
lated to quantify the impact of each biomarker on sur-
vival risk.

To handle missing values in the proteomic dataset, 
predictive mean matching was used for data imputation. 
Lasso regression was applied to select significant pro-
teins for inclusion in predictive models. Time-dependent 
receiver operating characteristic (ROC) curves were cal-
culated using the timeROC package to evaluate the pre-
dictive performance of proteomic contextures at 1-year 
(short-term), 5-year (medium-term), and 10-year (long-
term) survival intervals across super survivors, poor 
survivors, and the broader colon cancer cohort. Model 
accuracy was assessed by the area under the ROC curve 
(AUROC) with 95% bootstrap confidence intervals. The 
optimal cut-off for proteomic contextures was deter-
mined by Youden Index using SurvivalROC package.

Subgroup analyses were conducted to assess model 
performance stratified by sex and age at diagnosis. 
Age at diagnosis was categorized using a cut-off of 
70 years as the median diagnosis age for colon can-
cer [9]. Sensitivity analysis was conducted for left-sided 
only and right-sided only colon cancer cases, as well 
as for three common metastasis sites: liver, lung, and 
retroperitoneum/peritoneum.

All analyses were performed in R version 4.2.3 (R Foun-
dation for Statistical Computing), and statistical signifi-
cance was defined as a two-tailed P-value < 0.05.

Results
A total of 7,119 colon cancer cases were identified in the 
cohort using ICD-10 codes, from which 5,693 new diag-
noses were included after excluding 1,426 cases for pre-
existing or near-term (diagnosis within half-year after 
recruitment) diagnoses. Of the 5,693 patients, 594 had 
pre-diagnosis plasma proteomic data available, analyzed 
using the Olink platform (Fig.  1A). These samples were 
collected at recruitment, with a mean time of 7.90 years 
from sample collection to diagnosis. The cohort was 
divided by metastasis status and ICD-10 stage into two 
groups: early-stage (stage I-II) cases without any metas-
tasis (n = 278) and late-stage (stage III-IV) cases with 
metastasis (n = 316). Early-stage cases were diagnosed at 
an older average age (mean age at diagnosis: 70.34 years) 
compared to late-stage cases (mean age: 67.90 years, 
Table 1). Additionally, early-stage cases exhibited longer 
survival durations from diagnosis to all-cause mortality 
(mean survival: 5.99 years for early-stage vs. 3.74 years 
for late-stage). To identify distinct contexture associat-
ing with overall survival, we first selected patients in 
each group by survival duration into  "poor"  (surviving 
< 1.17 years) and "super" survivors (surviving > 6.08 years; 
Fig. 1B).

Baseline characteristics and survival patterns
Early- and late-stage groups differed markedly in demo-
graphic and survival patterns. In the early-stage cohort, 
133 super survivors and 16 poor survivors were identi-
fied (Table  2). The mean ages at recruitment for super 
and poor survivors were 60.97 and 64.25 years, respec-
tively (P = 0.06). Super survivors had a younger mean 
age at diagnosis of 66.56 years, compared with the 74.81 
years observed in poor survivors (P < 0.001). As expected, 
early-stage super survivors exhibited a significantly 
longer survival duration post-diagnosis (9.89 years) than 
poor survivors (0.44 years). Given similar ages at recruit-
ment, super survivors in early-stage cancer had a shorter 
interval from baseline to diagnosis (5.04 years) than poor 
survivors (10.09 years).

Among late-stage cases, 65 super survivors and 89 
poor survivors were identified, with similar mean ages 
at recruitment (59.57 years for super survivors and 60.84 
years for poor survivors, P = 0.16, Table 2). While super 
survivors were again younger at diagnosis (64.94 years) 
than poor survivors (69.01 years), the age gap was nar-
rower than in the early-stage group. Similarly, although 
the interval from baseline to diagnosis was shorter for 
super survivors (4.88 years) than for poor survivors 
(7.67 years), the difference was less pronounced than 
that observed in early-stage cases (Table  2). Compared 
with poor survivors, super survivors who lived more 
than 10 years were diagnosed at a significantly younger 
age (mean 63.11 vs. 69.01 years) and more frequently 
exhibited lymph node-only metastases (50.0% vs. 6.7%, 
Supplementary Materials:  Table  S1). In contrast, liver 
metastases were significantly more prevalent among 
poor survivors (70.8% vs. 32.1%, P = 0.001, Supplemen-
tary Materials: Table S1).

In both early- and late-stage groups, other factors, 
including body mass index (BMI), alcohol consumption, 
and smoking status, showed no significant differences 
between super and poor survivors (Table  2). Together, 
these findings highlight potential age- and stage-depend-
ent influences on survival, with diagnostic timing appear-
ing particularly relevant in early-stage cases.

Pre‑diagnosis proteomic expression differences 
between super and poor survivors
Proteomic analysis revealed distinct pre-diagnosis 
expression contextures associated with survival out-
comes across early and late stages. In early-stage colon 
cancer, 143 pre-diagnosis DEPs were identified between 
super and poor survivors, with 120 DEPs upregulated 
and 23 downregulated in poor survivors prior to diagno-
sis (Fig.  2A, Supplementary materials: Table  S2, Fig.S1). 
The highest fold changes were noted in insulin recep-
tor (INSR, 9.70 log2 fold change) and interleukin- 20 
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receptor A (IL20RA, − 4.21 log2 fold change), suggest-
ing a pre-diagnosis proteomic contexture that may drive 
aggressive cancer progression in early stages.

In late-stage colon cancer, only 80 pre-diagnosis DEPs 
were identified, with 75 upregulated and five downregu-
lated in poor survivors before diagnosis (Fig.  2B, Sup-
plementary materials: Table  S3, Fig.S1). Although fewer 
DEPs were detected, the pre-diagnosis proteomic shifts 
in late-stage cancer reflected survival-linked processes. 
The most upregulated protein, A1BG (1.96 log2 fold 
change), and downregulated protein, ITGB6 (−2.05 log2 
fold change) in poor survivors, also suggest a distinct 
pre-diagnosis protein contexture associated with late-
stage disease progression. This stage-specific variation 

in DEPs highlights how the pre-diagnosis proteomic 
contexture shifts as the disease advances and survival 
dynamics evolve.

GO enrichment and biological mechanisms
GO enrichment analysis further elucidated survival-
associated pathways in each stage. In early-stage cases, 
significantly enriched terms related to extracellular 
matrix (ECM) integrity and cell signaling were promi-
nent (the most enriched terms collagen-containing 
extracellular matrix, Fig.  3A). The elevated pre-diag-
nosis expression of ECM-related proteins, such as 
ADAMTS1, ADAMTS4, DDR1, and ACTA2, in poor 
survivors indicates that ECM remodeling processes 

Table 1  Baseline characteristics of early- and late-stage colon cancer cohorts in the UK Biobank

a N (%) or Mean (SD). BMI body-mass index
b Stage information is not available in the UK Biobank, only lymph node metastasis was used as proxy for stage III, and distant metastasis was used as proxy for stage 
IV

Baseline characteristica Early stage (316) Late stage (278) P value

Age at recruitment (year) 61.27 (6.41) 60.26 (6.78) 0.06

Age at diagnosis (year) 70.34 (7.40) 67.90 (7.32)  < 0.001

Sex

  Male 183 (57.9) 145 (52.2) 0.18

  Female 133 (42.1) 133 (47.8)

  Ethnic (White %) 304 (96.5) 263 (96.0) 0.91

  BMI 27.98 (4.77) 27.87 (4.61) 0.77

  Year from baseline to diagnosis 8.56 (3.79) 7.15 (3.69)  < 0.001

  Year from diagnosis to death 5.99 (3.89) 3.74 (3.85)  < 0.001

Alcohol drinker status

  Never 19 (6.0) 11 (4.0) 0.54

  Previous 13 (4.1) 12 (4.3)

  Current 284 (89.9) 252 (90.6)

Smoking

  Never 146 (46.2) 149 (53.6) 0.12

  Previous 139 (44.0) 99 (35.6)

  Current 31 (9.8) 26 (9.4)

Survival status

  Alive 278 (88.0) 106 (38.1)  < 0.001

  Death 38 (12.0) 172 (61.9)

Stageb

  III - 63 (22.7) -

  IV - 215 (77.3)

Metastasis type

  Lymph node metastasis only - 63 (22.7) -

  Distant metastasis only - 120 (43.2)

  Both types of metastases - 95 (34.2)

Metastasis site

  Liver and intrahepatic bile duct 153 (55.0) -

  Lung 83 (29.8)

  Retroperitoneum and peritoneum 80 (28.8)
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were actively underway even before the clinical onset 
of cancer (Fig. 4A). Moreover, markers of immune eva-
sion through deregulation of innate immune activation 
(IL15), metabolic dysregulation (INSR, APOH), and 
genomic instability (TP53) were upregulated in poor 
survivors long prior to disease diagnosis (Fig.  4A), 
linking early ECM alterations, immune evasion, 
metabolic shifts, and genomic instability to survival 
outcomes.

In contrast, late-stage cancer GO enrichment under-
scored processes associated with cell adhesion and 
active inflammatory response initiated long before 
diagnosis (Fig. 3B). Elevated expression of EDIL3 indi-
cated an active angiogenesis in poor survivors prior 
to diagnosis, while higher expression of TNFSF8 and 
PPP3R1 in poor survivors suggested pre-diagnosis 
pro-inflammatory state (Fig.  4B). These findings sug-
gest that survival differences in both stages were 
driven by pre-diagnosis active ECM remodeling or 
tumor cell adhesion. While early-stage survival differ-
ences may be additionally driven by metabolic factors 
and genomic instability, survival in late-stage disease 
may further hinge on angiogenesis and inflammation.

Pre‑diagnosis proteomic contexture associated 
with survival outcomes in all patients
Building on our proteomic findings, we identified pre-
diagnosis proteomic contextures that were strongly 
associated with survival outcomes in early- and late-
stage colon cancer, reflecting distinct biological pro-
cesses active before clinical diagnosis. For early-stage 
colon cancer, among 12 DEPs identified within the top 
five GO terms, a 10 pre-diagnosis proteomic contex-
ture (ACTA2, ADAMTS1, ADAMTS4, APOH, CCN3, 
DDR1, DPT, IL15, INSR, TP53; Supplementary mate-
rial: Table  S4) demonstrated the highest AUROC. 
Specifically, all 10 pre-diagnosis proteins except IL15 
were higher in super survivors than poor survivors 
(Fig.  4A). This contexture demonstrated strong asso-
ciations with survival outcomes over 1, 5, and 10 years, 
with AUROCs of 0.93, 0.92, and 0.91, respectively, in 
super and poor survivors. Incorporating age at diag-
nosis and sex further improved the AUROCs to 0.95, 
0.96, and 0.97 (Fig.  5A), as these factors themselves 
demonstrated significant prognostic value (Supplemen-
tary Materials:  Fig.S2). These associations remained 
robust across all 316 early-stage cases, with AUROCs 
of 0.86, 0.73, and 0.78, respectively. Similarly, when 
combined age and sex, AUROCs reached 0.85, 0.82, 

Table 2  Baseline characteristics of super and poor survivors of early- and late-stage colon cancer in the UK Biobank cohort

a N (%) or Mean (SD). BMI body-mass index

Baseline characteristica Early stage Late stage

Super survivors (133) Poor survivors
(16)

P value Super survivors (65) Poor survivors
(89)

P value

Age at recruitment (year) 60.97 (6.63) 64.25 (5.21) 0.06 59.57 (6.58) 60.84 (6.21) 0.22

Age at diagnosis (year) 66.56 (7.22) 74.81 (5.68)  < 0.001 64.94 (6.56) 69.01 (7.32)  < 0.001

Sex

  Male 73 (54.9) 11 (68.8) 0.43 39 (60.0) 39 (43.8) 0.07

  Female 60 (45.1) 5 (31.2) 26 (40.0) 50 (56.2)

  Ethnic (White %) 125 (94.7) 16 (100.0) 0.75 61 (95.3) 85 (95.5) 1.00

  BMI 27.65 (4.26) 30.01 (6.22) 0.06 27.30 (4.60) 28.37 (4.96) 0.18

  Year from baseline to diagnosis 5.04 (2.51) 10.09 (3.29)  < 0.001 4.88 (2.46) 7.67 (3.60)  < 0.001

  Year from diagnosis to death 9.89 (2.45) 0.44 (0.36)  < 0.001 9.77 (2.61) 0.37 (0.32)  < 0.001

Alcohol drinker status

  Never 11 (8.3) 2 (12.5) 0.75 1 (1.5) 5 (5.6) 0.40

  Previous 5 (3.8) 1 (6.2) 5 (7.7) 5 (5.6)

  Current 117 (88.0) 13 (81.2) 58 (89.2) 79 (88.8)

Smoking

  Never 65 (48.9) 9 (56.2) 0.86 35 (53.8) 53 (59.6) 0.74

  Previous 58 (43.6) 6 (37.5) 24 (36.9) 28 (31.5)

  Current 10 (7.5) 1 (6.2) 5 (7.7) 8 (9.0)

Survival status

  Alive 128 (96.2) 0 (0.0)  < 0.001 58 (89.2) 0 (0.0)  < 0.001

  Death 5 (3.8) 16 (100.0) 7 (10.8) 89 (100.0)
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and 0.89, respectively (Fig. 5B). For subgroup analysis, 
in early-stage cases, AUROCs were consistently higher 
for women compared to men and for younger patients 
compared to older patients (Supplementary Materi-
als:  Fig.S3-S4). Among 140 left-sided only early-stage 
cases, AUROCs were 0.84, 0.80, 0.89, respectively; 
in 152 right-sided only early-stage cases, AUROCs 
were 0.74, 0.82, 0.85, respectively (Supplementary 

Materials:  Fig.S5), suggesting no significant difference 
between these two groups.

For late-stage cases, Lasso regression refined the ini-
tial pool of 89 DEPs to 10 candidates, from which an 
optimized 8-protein contexture (CLSTN3, EDIL3, 
LGALS3BP, PKD1, PPP3R1, PSMD1, TNFSF8, and 
YY1; Fig. 4B & Supplementary material: Table S5) was 
identified, demonstrating the highest AUROC and 

Fig. 2  Volcano plot of baseline plasma proteins in super and poor survivors among early- and late-stage colon cancer patients. A. Early-stage colon 
cancer B. Late-stage colon cancer |Log2 Fold change|≥ 1 and p value < 0.05 were applied. Grey represents not-significant change in expression. Red 
represents up-regulation in poor survivors. Blue represents down-regulation in poor survivors
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highlighting pathways linked to survival dynamics 
in advanced disease. This contexture showed strong 
associations with survival outcomes over 1, 5, and 10 
years (AUROCs: 0.80, 0.80, and 0.81, respectively) and 
remained stable with the addition of age and sex, with 
AUROCs at 0.82, 0.83, and 0.84, respectively (Fig. 5C). 
Validation across 278 late-stage cases further sup-
ported these associations, with AUROCs of 0.70, 0.69, 
and 0.74, which improved to 0.71, 0.72, and 0.79 upon 
incorporating demographic factors (Fig.  5D). Notably, 
the AUROC for 63 stage III cases (1-year: 0.89, 5-year: 
0.79, 10-year: 0.86) was higher than that for 215 stage 
IV cases (1-year: 0.69, 5-year: 0.68, 10-year: 0.82) (Sup-
plementary Materials:  Fig.S6). Sensitivity analysis, 
which excluded deaths from non-cancer causes, showed 
consistent model performance, with 1-year, 5-year, 
and 10-year AUCs (adjusted for age and sex) remain-
ing stable at 0.71, 0.72, and 0.79, respectively. In late-
stage cases, similar AUROC performance was observed 
across subgroups, including comparisons between men 
and women (Supplementary Materials: Fig.S3), younger 
and older patients (Supplementary Materials:  Fig.S4), 
as well as between left-sided and right-sided tumors 
(Supplementary Materials:  Fig.S5). Furthermore, the 
model demonstrated comparable performance across 
various metastasis sites, including 153 cases with liver 
metastases, 83 cases with lung metastases, and 80 cases 

with retroperitoneal/peritoneal metastases (Supple-
mentary Materials: Fig.S7).

Discussion
Our study identified the pre-diagnosis proteomic contex-
tures associated with survival outcomes in colon cancer 
across early and late stages. By examining patients with 
extreme survival outcomes (i.e., super and poor sur-
vivors), we found that pre-existing alterations in prot-
eomic contextures, particularly in ECM remodeling and 
cell adhesion, were associated with survival trajectories 
well before clinical diagnosis in both stages. In early-
stage cases, we identified a 10-protein pre-diagnosis 
contexture associated with survival, which includes 
multiple biological processes such as ECM remodeling 
and immune evasion. For late-stage cases, an 8-protein 
pre-diagnosis contexture emerged, linked to processes 
including cell adhesion, angiogenesis and active inflam-
matory response. These associations suggest that, long 
before tumor detection, proteomic contexture changes in 
the plasma may mirror a host’s immunological and bio-
logical environment, potentially shaping the fate of can-
cer progression and long-term survival.

In early-stage colon cancer, we identified a 10-pro-
tein pre-diagnosis proteomic contexture (ACTA2, 
ADAMTS1, ADAMTS4, APOH, CCN3, DDR1, DPT, 
INSR, IL15, TP53) strongly associated with survival out-
comes. These proteins except for IL15 were elevated in 

Fig. 3  Gene ontology enrichment analysis for DEPs upregulated in poor survivors in early- and late-stage colon cancer. The dot plot visualizes 
the top enriched GO terms based on differentially expressed proteins upregulated in poor survivors. Dot size corresponds to the number 
of associated proteins, while color intensity reflects the level of statistical significance (p-value)
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Fig. 4  Violin plot of selected plasma protein levels in poor and super survivors of early- and late-stage colon cancer. The violin plot illustrates 
the distribution of significant serum protein levels between poor survivors (PS) and super survivors (SS). Wider sections of the plot indicate a higher 
probability of those protein levels in the corresponding group. Boxplots within the violins highlight the median and interquartile range
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poor survivors before diagnosis and negatively associ-
ated with survival. Notably, previous studies linked ele-
vated levels of biomarkers such as ACTA2, ADAMTS4, 
APOH, and DDR1 in colon cancer tissues to poor overall 
survival [10–13]. Importantly, our findings revealed that 
these biomarkers were already upregulated years before 
diagnosis, suggesting that the activation of tumor-sup-
portive processes initiated well before clinical detection. 

Specifically, proteins identified in the early-stage contex-
ture, such as ACTA2 and AAMTS4, play pivotal roles in 
ECM remodeling, a critical process that facilitates tumor 
cell detachment, invasion, and metastasis in colon cancer 
[14–16]. The overexpression of ACTA2 in colon cancer 
tissues enhances ECM stiffness, facilitating tumor cell 
invasion and contributing to metastasis and poor prog-
nosis [14]. ADAMTS1 is involved in ECM remodeling 

Fig. 5  Predictive model performance based on baseline serum proteins in the early- and late-stage colon cancer. This figure highlights 
the performance of the most effective predictive model distinguishing between super and poor survivors in early-stage colon cancer based 
on 10 baseline serum proteins (ACTA2, ADAMTS1, ADAMTS4, APOH, CCN3, DDR1, DPT, IL15, INSR, and TP53), and late-stage colon cancer based 
on 8 pre-diagnostic plasma proteins (CLSTN3, EDIL3, LGALS3BP, PKD1, PPP3R1, PSMD1, TNFSF8, and YY1). The models all incorporated sex and age 
at diagnosis as predictors. The upper panels (A and B) showed models in the early stage. The lower panel (C and D) showed models in the late 
stage. Left panels (A and C) present results for model performance in super and poor survivors, and right panels (B and D) display validation 
across patients using imputed data
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by degrading various components of the matrix [17], 
linking to enhanced metastatic potential and poorer 
survival in patients with colon cancer [18]. ECM remod-
eling is especially critical and a prerequisite for invasion 
and metastasis for colon cancer progression, serving as 
potential therapeutic targets [19, 20]. Our findings sug-
gest that active ECM remodeling may initiate approxi-
mately 8 years before clinical detection, highlighting the 
potential for early intervention to disrupt these tumor-
supportive processes [21]. Conversely, we found that 
IL15, a key protein for immune cell activation, was asso-
ciated with improved survival. The down-regulated levels 
of IL15 in poor survivors indicated weakened immune 
surveillance that could accelerate tumor onset and pro-
gression [22, 23]. Increasing studies additionally demon-
strated therapeutic potential of IL15 as target for colon 
cancer [24, 25]. Altogether, the pre-diagnosis proteomic 
contexture reflects a spectrum of tumor-supportive pre-
dispositions before clinical diagnosis, particularly ECM 
remodeling and immune evasion, shaping overall survival 
for early-stage colon cancer.

In late-stage colon cancer, we identified an 8-protein 
pre-diagnosis proteomic contexture (CLSTN3, EDIL3, 
LGALS3BP, PKD1, PPP3R1, PSMD1, TNFSF8, and YY1), 
with elevated levels associated with poor overall sur-
vival. Previous studies have showed CLSTN3, PPP3R1, 
and YY1 as critical factors in colon cancer detection and 
progression [26–28]. Again, we further revealed that the 
change of these biomarkers initiated long before diag-
nosis. Similar to early-stage findings, proteins involving 
ECM remodeling and cell adhesion like CLSTN3 play 
pivotal roles in late-stage colon cancer [29, 30]. In ani-
mal model, CLSTN3 increased tumor invasiveness and 
metastasis by enhancing the ability of cancer cells to 
detach from the primary tumor and invade surround-
ing tissues. A proteome-wide Mendelian randomization 
study prioritized CLSTN3 as a risk factor of colon cancer, 
where we further revealed that elevated CLSTN3 before 
diagnosis was associated with poor overall survival [26]. 
Moreover, EDIL3, an angiogenesis-related protein, was 
significantly elevated in poor survivors before diagno-
sis, indicating early activation of tumor vascularization 
[31]. This early enhancement of blood vessel formation 
likely fosters tumor growth and progression well before 
clinical detection, shaping survival trajectories in late-
stage colon cancer [32, 33]. PPP3R1 is a regulator of cal-
cium signaling and immune responses. In colon cancer 
patients, elevated PPP3R1 levels have been linked to the 
establishment of a pro-inflammatory tumor microenvi-
ronment, which can support tumor growth and suppress 
anti-tumor immune responses, leading to poor survival 
[27, 34]. Notably, we discovered that YY1, a transcription 
factor highly expressed in colon cancer tissues, exhibits 

elevated levels well before diagnosis. YY1 plays a critical 
role in regulating genes associated with cell prolifera-
tion, DNA repair, and tumor budding, and it is widely 
recognized as a pivotal oncogenic factor throughout the 
progression of the disease [28]. Its early upregulation 
underscores its potential as both a therapeutic target 
and a predictive biomarker in colon cancer tissues [35]. 
Collectively, the contexture represents critical pathways, 
including ECM remodeling, angiogenesis, and pro-
inflammatory response, actively engaged prior to diagno-
sis and associated with more aggressive disease behavior 
in late-stage colon cancer.

Despite these findings, the study has some limitations. 
First, due to its observational nature, it cannot estab-
lish causal relationships between identified proteins and 
survival outcomes. Further investigation of these pro-
teins’ roles in cancer progression and survival would be 
beneficial to elucidate underlying mechanisms and to 
strengthen their prognostic utility. Secondly, our analy-
sis was limited to baseline proteomic data, which does 
not capture potential dynamic changes in biomarker lev-
els over the course of the disease. Future studies should 
investigate temporal changes in protein expression to 
provide a more comprehensive view of how proteomic 
profiles evolve with disease progression and treatment. 
Third, reliance on ICD-10 codes for diagnosis verification 
may have resulted in missing cases, as pathology reports 
were unavailable and imaging data was only accessible 
for approximately one-fifth of participants within the 
UK Biobank cohort. Fourth, detailed stage information 
(stages I-IV) was unavailable in the UK Biobank dataset, 
and treatment data were incomplete. Metastasis status 
and metastasis site were used as surrogates for stage clas-
sification, which may introduce classification bias or limit 
finer stratification of early-stage cases. Fifth, the findings 
in the study lack external validation, underscoring the 
need for replication in diverse populations to enhance 
their generalizability.

In conclusion, this study highlights the pre-diagnosis 
proteomic contexture associated with survival outcomes 
in early- and late-stage colon cancer, revealing distinct 
biological pathways that reflect the host’s immune and 
physiological state long before tumor diagnosis. In both 
stages, aggressive tumor-supportive processes such as 
ECM remodeling and altered cell adhesion were evident 
prior to clinical detection, potentially shaping survival 
trajectories. Early-stage cases exhibited a 10-protein sig-
nature indicative of metabolic shifts and immune eva-
sion, while late-stage cases were characterized by an 
8-protein signature emphasizing angiogenesis and pro-
inflammatory response. Future research should validate 
these associations in broader populations and further 
explore the therapeutic implications of these proteomic 
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patterns, enhancing our understanding of early tumori-
genesis and host-tumor interactions.
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