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Abstract

Background: A major roadblock to reducing the mortality of colorectal cancer (CRC) is prompt 

detection and treatment and a simple blood test is likely to have higher compliance than all of the 

current methods. The purpose of this report is to examine the utility of a mass spectrometry based 

blood serum protein biomarker test for detection of CRC.

Materials and Methods: Blood was drawn from individuals (n=213) prior to colonoscopy or 

from patients with non-metastatic colorectal cancer (n=50) prior to surgery.

Proteins were isolated from the serum of patients using targeted liquid chromatography-tandem 

mass spectrometry (LC-MS/MS). We designed a machine-learning statistical model to assess these 

proteins.

Results: When considered individually, over 70% of the selected biomarkers showed 

significance by Mann-Whitney testing for distinguishing cancer-bearing cases from cancer-free 

cases. Using machine-learning methods, peptides derived from EGFR and LRG1 were consistently 

identified as highly predictive for detecting colorectal cancer from cancer-free cases. A five-

marker panel consisting of LRG1, EGFR, ITIH4, HPX, and SOD3 performed the best with 70% 

specificity at over 89% sensitivity (AUC=0.86) in the validation set. For distinguishing regional 

from localized cancers, cross-validation within the training set showed that a panel of four proteins 

consisting of CD44, GC, CRP, and ITIH3 yielded the highest performance (AUC=0.75).

Conclusions: The minimally invasive blood biomarker panels identified here could serve as 

screening/detection alternatives for colorectal cancer in a human population, and potentially useful 

for staging of existing cancer.

Keywords
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INTRODUCTION

Colorectal cancer has the second highest incidence and mortality of cancers diagnosed in the 

United States(1, 2). Early stages of the disease are highly curable and can be detected in 

asymptomatic patients through a variety of primary screening procedures(2). The most 

common methods include endoscopic, fecal, and radiologic screening(3). However, 

approximately 40% of the recommended screening population does not adhere to screening 

guidelines, which results in late-stage disease diagnosis and increased rates of morbidity and 

mortality(4, 5). Available screening methods are often expensive and require laborious 

bowel preparation (endoscopy, CT colonography), or require the physical handling of stool 

by the patient (gFOBT, FIT, multitarget stool DNA testing)(5, 6). In order to increase 

adherence to colorectal cancer screening, the United States Preventative Task Force 

(USPSTF) has recently changed its guidelines for colorectal cancer screening to include any 

effective test to screen for colorectal cancer in patients between the ages of 50 and 75(7). 

These changes have the capability to increase screening compliance in cases where patients 

cannot afford or access a particular screening method by providing more screening 
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options(8, 9). The new guidelines also indicate the need for developing screening methods 

that would increase screening choices and may subsequently improve compliance.

Colorectal cancer morbidity and mortality rates are also affected by complications arising 

from colorectal surgery. Up to 35% of colorectal surgery patients suffer from post-operative 

complications, which have been shown to translate to a worse quality of life, poor oncologic 

outcomes, additional complications, and overall higher risk for mortality(10). Localized 

surgical techniques such as endoscopic and/or minimally-invasive resection could reduce the 

incidence of patient morbidity and mortality if regional lymph node status could be more 

accurately predicted(11). Preoperative lymph node status is typically assessed using CT and 

MR with low accuracy(12, 13). Perhaps in the future serum studies will be harnessed in 

tandem with imaging modalities will provide a pristine picture of nodal disease burden. In 

addition, neoadjuvant therapy of advanced colon cancer may provide benefits. Early results 

from the FOxTROT study indicate that neoadjuvant therapy decreases lymph node 

involvement and size of primary tumor(14). However, the application of neoadjuvant therapy 

is limited by our inability to accurately stage patients prior to surgery. Therefore, a serum 

test that may contribute to staging of colorectal cancer prior to surgery would prove to be an 

important advancement(14).

Increasingly, cancer serum biomarkers have become an attractive method for screening, 

prognostic, diagnostic, and recurrence monitoring in multiple diseases(15, 16). Recently 

FDA approval was granted for a Septin 9 DNA blood test for colorectal cancer(17, 18). 

However, like most biomarker tests, the Septin 9 test is only available for screening 

purposes. Moreover, the Septin 9 test does not have sensitivity and specificity (<50% 

sensitive for carcinoma) that is competitive with other available non-invasive screening 

tests(19). Here we present a study in which the sensitivity and specificity of blood serum 

protein biomarkers were investigated for colorectal cancer detection. Further, the initial 

trends for distinguishing localized colorectal cancer from regional lymph node positive 

disease are also described. The minimally invasive identification of cancer and lymph node 

status could substantially reduce morbidity and mortality from late stage diagnosis and 

complications arising from subsequent colorectal surgery.

MATERIALS AND METHODS

Study Design:

This prospective cross-sectional pilot study design was reviewed and approved by the 

Institutional Review Board (IRB) at the University of Wisconsin-Madison. Patients were 

prospectively enrolled in the study at the time of a routine screening colonoscopy or prior to 

colorectal surgery (for those patients undergoing a partial colectomy to remove colorectal 

cancer). For each enrolled patient, a 5mL blood draw was completed prior to the 

colonoscopy or colectomy procedure. Blood was processed into serum in accordance with 

guidelines set by the Early Detection Research Network(20). All serum was stored in 100μg 

aliquots in protein LoBind tubes (Eppendorf™) at −80°C until use and was thawed at room 

temperature. A targeted liquid chromatography tandem – mass spectrometry (LC-MS/MS) 

procedure was used to quantify biomarker analytes. Reference standards corresponding to 

target analytes were added to each patient sample for quantification purposes. For all target 
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biomarkers, a relative chromatographic area ratio of the biomarker compared to its reference 

standard was calculated. The endpoint was a set of relative area ratios used for comparison 

across patient groups to evaluate biomarkers that could identify cancer compared to cancer-

free cases as well as localized cancer (TNM stages 1&2) compared to regional cancer (TNM 

stage 3)(21, 22). The value of a panel of blood protein biomarkers was then assessed to 

identify regional lymph node involvement in non-metastatic cancer cases to provide a 

potentially new method for staging existing cancers.

Study Participants:

Participants were enrolled between 2014 and 2016 at the University of Wisconsin Hospital 

and Clinics (UWHC) after providing informed consent. Colonoscopy patients were 

ineligible to participate in the study if they had a history of IBD, and colectomy patients 

were ineligible if they had been previously diagnosed with metastatic (TNM stage 4) 

colorectal cancer or had received neoadjuvant treatment prior to the blood draw. We 

calculated that with 40 subjects per group we would have at least 80% power for identifying 

significance in the difference between the means of the cancer and non-cancer groups. We 

enrolled substantially more patients than the initially calculated 40 in cancer and non-cancer 

groups to take into account potential patient withdrawal and to achieve similar power for a 

completely polyp free control group. This study was not originally powered to identify 

differences between local and regional colorectal cancers. However, the staging analysis was 

included in this report due to the importance of the findings on potential minimally invasive 

staging, which currently cannot be performed with high sensitivity using other methods.

Selection of Candidate Biomarkers:

The candidate biomarkers considered arose from two studies previously performed in 

murine models at the University of Wisconsin-Madison(23, 24). The first study was 

conducted in the ApcMin/+ mouse to discover novel biomarkers in blood serum(25). Due to 

the disproportionate number of small intestinal polyps compared to colon in the ApcMin/+ 

mouse, a validation study was done in the more recently developed ApcPirc/+ rat model(26). 

The ApcPirc/+ rat has polyps with a substantially higher specificity to the colon that could be 

longitudinally monitored by colonoscopy for the purpose of identifying colon cancer-

specific blood biomarkers. The ApcPirc/+ rat study validated differential expression of 

markers from the ApcMin/+ mouse study, verifying that the discovery study produced 

markers specific to colonic polyps. For the study presented herein, we selected 17 markers 

that were highly differentially expressed in tumor bearing versus control animals, had 

potential biological relevance to colorectal cancer, and may have been implicated as a blood 

biomarker in other published colorectal cancer studies.

Assay Methods:

Serum was depleted of the top seven most abundant proteins using antibody affinity 

chromatography (Agilent) according to manufacturer instructions. Remaining serum 

proteins were isolated using trichloroacetic acid precipitation, were resolubilized, and 

digested according to the referenced protocol(24). Peptide reference standards 

corresponding to target biomarkers were added to each patient sample. Reference standards 

contained one stable isotope labeled heavy amino acid in order to differentiate the 
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endogenous peptide target from the reference standard (Appendix 1). LC-MS/MS was done 

according to the referenced targeted mass spectrometry procedure and also can be found 

replicated in our recent publication in Proceedings of the National Academy of Sciences of 
the United States of America (PNAS, “Conserved serum protein biomarkers associated with 

growing early colorectal adenomas”) examining colorectal adenoma biology (24). Resulting 

data was analyzed using Skyline open source software(27).

Statistical Analysis Methods:

A comparison of single biomarkers between patient groups was done using a two-tailed 

Mann-Whitney test, with the false-discovery rate controlled at 0.05 using the Benjamini-

Hochberg method. Using machine-learning methods, we sought to identify small panels of 

2-5 biomarkers that could identify cancer compared to low-risk cancer-free cases and 

localized cancer compared to regional cancer. We cast the two screening tasks as 

classification tasks, and evaluated an array of machine-learning methods for each (Figure 1, 

Appendix 2). Specifically, we used logistic regression, support vector machines with linear 

and radial basis function (RBF) kernels, Gaussian naïve Bayes, decision trees, random 

forests, and extremely randomized trees. We used several feature selection methods for 

identifying candidate panels of biomarkers in a data-driven manner. Specifically, we 

evaluated L1-regularized logistic regression, L1-regularized linear support vector machines, 

and feature importance rankings for classification trees, random forests, and extremely 

randomized trees. We designed an analysis pipeline in which (1) a set of candidate panels is 

obtained using the feature selection methods, (2) every combination of panel and 

classification method is evaluated to produce an ROC curve, and (3) the combination that 

achieved maximum sensitivity above 80% specificity is selected.

We evaluated our panel and classifier selection pipeline in terms of how well it generalized 

to data that was not used to build the models. We set aside almost half of the cases for a 

validation set and the remaining cases comprised a training set. The learning and validation 

cohorts were randomly assigned, though the percentage/number of cases assigned to the 

validation set was based on the discrete number of hyperparameters in our design (i.e. size/

number of biomarker panels; 2-5 biomarkers). We used cross-validation within the training 

set to produce a receiver-operator characteristic (ROC) curve representative of the 

performance of the pipeline, and used training on the full training set and prediction on the 

validation set to produce an ROC curve demonstrating the performance of a specific selected 

panel and classification method for each of the screening tasks. Confidence intervals around 

the ROC curves were drawn using the referenced method(28). Additional method details can 

be found in Appendix 3. Raw data and code implementing the analysis is available at https://

github.com/sverchkov/ivancic-panel-selection.

RESULTS

We enrolled 213 patients undergoing screening colonoscopy and 50 patients with non-

metastatic colorectal cancer. Blood was collected prior to colonoscopy or surgery (Figure 2, 

Appendix 4). Patients in both groups underwent standard of practice bowel preparation 

procedures prior to the respective procedures. Two cases were discounted from the study due 
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to error during blood draw and colonoscopy bowel preparation. Two surgery cases were 

removed because it was subsequently learned that one had received neoadjuvant treatment 

prior to the blood draw and the other had been diagnosed with a neuroendocrine tumor. 

Approximately equal numbers of males (n=130) and females (n=129) were enrolled in all of 

the patient groups. The median age at the time of blood draw for colonoscopy cases was 60 

(range: 30-80) and the median age for colectomy cases was 62 (range: 37-88). A total of 35 

localized cancer cases and 12 regional cancer cases were enrolled. We set aside 119 cases 

(109 cancer-free and 10 cancer cases as validation data, leaving the remaining 140 cases 

(103 cancer-free and 37 cancer cases) to comprise a training set.

The individual biomarkers were assessed for statistical significance in detecting colorectal 

cancer from cancer-free cases. Over 70% of biomarkers showed significance by Mann-

Whitney testing for distinguishing cancer cases compared to cancer-free cases (Table 1, 

Appendix 5). Multi-marker panels between 2 and 5 markers comparing cancer cases and 

cancer-free cases identified LRG1 (leucine rich alpha-2-glycoprotein 1) and EGFR 

(epidermal growth factor receptor) as members of all of the top marker panels in the 

classifier methods tested (Appendix 6). ITIH4 (inter-alpha-trypsin inhibitor heavy chain 

family member 4) was a member of the three-, four-, and five-marker panels.

Our main focus in selecting an optimal protein biomarker panel for screening was to target 

panels with a higher specificity(29). Low specificity panels result in an increased frequency 

of follow-up colonoscopies due to excessive false positives. We concluded that to reduce the 

need for follow-up colonoscopies, the desired set of markers should have specificity above 

80% in order to match current minimally invasive tests. Therefore, we targeted the highest 

sensitivity at more than 80% specificity within the training set cross-validated ROC curve in 

order to reduce false-positive cases for colorectal cancer screening. A five-marker panel 

consisting of LRG1, EGFR, ITIH4, HPX (hemopexin), and SOD3 (superoxide dismutase 3) 

identified using the random forest model performed the best according to this criterion, with 

89% specificity at over 70% sensitivity in the validation set (Figure 3, Table 2).

We considered that gender differences might affect protein expression. Therefore, we 

examined differences in cancer versus low-risk cases for males and females. CDH2 

(cadherin2), CFI (complement factor 1), ITIH3 (inter-alpha-trypsin inhibitor heavy chain 

family member 3), and PI16 (peptidase inhibitor 16) showed potential differences in 

expression based on training set data as individual proteins (Figure 4). These proteins were 

within biomarker panels that were selected with high frequency in the leave-one-out cross 

validation analysis although they were not selected as part of the final panel (Table 2). We 

concluded that, in the current analysis, gender differences did not have adverse effects on 

identifying sensitive and specific panels for colorectal cancer detection. However, these 

differences may impact biomarker efficacy in a larger population study.

Finally, we examined how the biomarkers performed in discriminating cases with regional 

lymph node involvement from localized colorectal cancer cases. Cross-validation on the 

training set showed no predictive potential in 2-marker panels selected by our pipeline, 3-

marker panels showed some ability to identify regional cancer, and the best performance was 

seen with 4-marker panels, with an AUC of 0.75 and 70% sensitivity at 89% specificity 
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(Figure 5, Appendix 7). Five-marker panels did not show an increased performance over 4-

marker panels. Using the entire training set, without cross-validation, the method and 4-

marker panel selected by the pipeline was random forest with a panel consisting of GC (GC-

vitamin D binding protein), CD44 (CD44 molecule), CRP (C-reactive protein), and ITIH3. 

These findings are of course limited by relatively small sample size.

DISCUSSION

The identification of non-invasive biomarkers for colorectal cancer detection with adequate 

sensitivity and specificity has been a significant challenge in the effort to increase patient 

compliance and subsequently reduce morbidity and mortality. New non-invasive tests are 

under scrutiny to meet a balance between sensitivity for true detection to ensure that patients 

receive proper care, and specificity to reduce the need for too many follow-up 

colonoscopies(30, 31). Our biomarker panel meets a critical specificity threshold of above 

89% and 70% sensitivity nearly equaling the FIT stool-based test, which is considered a 

reliable alternative to colonoscopy, if done annually. The confidence intervals represented in 

the ROC curves show potential for increased sensitivity, although the large confidence 

interval range in the validation curve indicates potential for reduced sensitivity as well. A 

large screening trial where the biomarkers are put into clinical practice is necessary to 

determine the sensitivity and specificity more precisely across a large, average-risk 

population. Such a screening trial would likely require tens of thousands of patients in order 

to obtain enough cancer cases given that an average-risk routine screening population has a 

colorectal cancer prevalence of approximately 0.2%(18).

Given that a patient is approximately 25-50 times more likely to have an advanced adenoma 

than colorectal cancer, ideally, screening tests should also be able to identify advanced 

benign lesions with relatively high sensitivity and specificity(32, 33). In our study, we 

considered a comparison of advanced adenoma cases to a low-risk group adenoma. 

However, given our small sample size and assay variation factors, it is not surprising that we 

did not identify a biomarker panel with statistical significance in validation sets using any of 

the models learned on a training set. Further, it is likely that the concentration of serum 

biomarkers generated during adenomagenesis and carcinogenesis may differ to some degree, 

and this dynamic deserves further investigation. In fact, our group has investigated this 

phenomenon in a parallel adenomageneis study. Low sensitivity and specificity for detecting 

colorectal adenomas plagues the majority of screening tests, particularly non-invasive 

molecular tests. We predict that combining screening markers from multiple tests could 

solve this problem although potential increased costs could be prohibitive(19). Ideally, 

blood-based molecular diagnostics would be employed in conjunction with conventional 

endoscopic screening to perhaps bring to bear incredibly accurate and reliable screening of 

colorectal malignancies.

Colorectal surgical procedures remain a common cause of morbidity and mortality related to 

colorectal cancer. Although this study was not powered to look in depth at colorectal cancer 

staging markers, we did identify GC, CD44, CRP, and ITIH3 as having potential clinical 

significance. Other studies have found correlations with a few of these markers and 

colorectal cancer. Multiple studies have identified CRP as an indicator of pervasive 
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inflammation associated with multiple diseases, including late-stage colorectal 

cancer(34-37). Work utilizing immunohistochemistry has shown a down-regulation of CD44 

on lymph node positive colorectal cancer tissue(38). It is yet to be determined if CD44 

expression can be linked to the presence of CRC. Further, low vitamin D levels have been 

implicated in poor colorectal cancer prognosis(39). However, the exact role of vitamin D 

binding protein (GC) concentration, freely circulating vitamin D, and bioavailability is 

unknown in this disease state(40). These factors are currently being studied in relation to 

colorectal cancer prognosis. Future studies examining cancer staging via protein biomarker 

measurements in blood serum should be done with sufficient power and in conjunction with 

a comparator method for identifying affected regional lymph nodes.

Our study displays a number of limitations that should be ameliorated with future projects 

focusing on protein-based molecular diagnostics for CRC. First, both the murine and rat 

models of intestinal adenomagenesis that laid the groundwork for this study do not exactly 

model the known step-wise pathogenesis of human large bowel malignancy. That being said, 

this study has proven that the differential expression of proteins released into serum of 

humans bearing colorectal cancer mimics to some degree these animal models. Further, our 

study did not examine the biomarker level differences between varying tumor differentiation, 

genetic basis of the tumors (microsatellite instability, BRAF/KRAS status, APC, etc), or 

tumor sidedness. Future work must account for these important clinicopathological 

descriptors of colorectal cancer as they have important prognostic and treatment 

consequences. There is also the issue of nonstandardized pathophysiologic timepoints for 

blood collections. We held to a protocol of standard of care bowel preparation, however 

given the pilot study nature of this project, we were not able to control other factors of blood 

draw timing (lead time to procedure, prior procedures, diet prior to prep, etc). There exists 

some chance that these factors could affect biomarker levels, however we feel that our panel 

is discerning enough, especially given the machine learning methods employed, to account 

for these variations. A final limitation of our study is a lack of real-world applicability, 

feasibility, or cost-benefit analyses. Unfortunately, the original design of the investigation 

herein did not include arrangements for these types of analyses. Our group plans to design 

and implement a study utilizing this technology to assess large-scale application, practical 

use, and patient attitudes among other real-world outcomes. We would hope that one day our 

process will improve adherence and increase access to cancer-detection methods among the 

general population.

CONCLUSIONS

In conclusion, we show that a blood protein panel consisting of LRG1, EGFR, ITIH4, HPX, 

and SOD3 has the potential to detect colorectal cancer with approximately 70% sensitivity at 

over 89% specificity in our population. When examining colorectal cancer stages, four of the 

proteins (GC, CD44, CRP, and ITIH3) could have the potential to distinguish cases with 

regional lymph node invasion from localized colorectal cancers. Future studies utilizing the 

protein biomarkers in clinical practice and increased numbers of patients will elucidate the 

utility of these protein panels in routine detection. Further work related to ours may one day 

reduce the disease burden of colorectal cancer via non-invasive high accuracy detection.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
A schematic of the statistical analysis pipeline used. For each panel size of 2 up to 5 

biomarkers, a pooled cross-validation ROC curve using the training data was produced by 

systematically selecting a classifier and panel using in-fold training data and testing on a 

prediction of the in-fold testing case. Validation was done on a separate set of data after 

selecting a classifier method and panel of markers using the training data. A validation ROC 

curve showing the performance of the resultant predictive model, trained on the training data 

and evaluated on the validation data was produced.
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Figure 2: 
Overview of patient enrollment in this study. Blood was drawn prior to routine screening 

colonoscopy or prior to colectomy.
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Figure 3: 
(A) A Pooled ROC curve produced from leave-one-out cross validation for panels of 5 

biomarkers to distinguish non-metastatic cancer cases from low-risk cancer-free cases. (B) A 

ROC curve produced using the validation set to evaluate the selected 5-biomarker panel and 

method. The selected panel of biomarkers is HPX, ITIH4, LRG1, EGFR, and SOD3 with a 

random forest classifier model.

Ivancic et al. Page 14

J Surg Res. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4: 
Gender-related differences in sensitivity and specificity for predicting colorectal cancer 

compared to non-cancer cases using individual biomarkers. CFI, CDH2, ITIH3, and PI16 

showed the greatest gender-related differences. For all of the markers shown, with the 

exception of CFI, females (F) showed higher AUCs than males (M) for the same marker.
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Figure 5: 
Pooled ROC curve produced from leave-one-out cross validation for panels of 4 biomarkers 

to distinguish non-metastatic cancer cases from low-risk cancer-free cases. The random 

forest method and a panel containing GC, CD44, CRP, and ITIH3 were identified using the 

entire training set without cross-validation.

Ivancic et al. Page 16

J Surg Res. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ivancic et al. Page 17

Table 1:

A summary of Mann-Whitney P-values of all 17 tested markers. Significance was defined as a P-value less 

than or equal to 0.01532 after using Benjamini-Hochberg to control the false discovery rate at 0.05. Bolded 

values were considered significant.

Protein Name
Protein
Symbol

Murine
Studies Expression in Polyp

Bearing vs. Polyp
Free Control

Human Expression
in Cancer vs. Non-

Cancer

Cancer detection
compared to non-
cancer (p-value)

CD44 antigen CD44 Downregulated Downregulated <0.001

Complement factor I CFI Upregulated NS 0.660

Leucine-rich alpha-2-glycoprotein LRG1 Upregulated Upregulated <0.001

Epidermal growth factor receptor EGFR Downregulated Downregulated <0.001

Inter-alpha-trypsin inhibitor heavy chain H3 ITIH3 Upregulated Upregulated <0.001

Coagulation factor V F5 Upregulated Upregulated 0.004

Hemopexin HPX Upregulated Upregulated <0.001

Vitamin D-binding protein GC Upregulated NS 0.170

Inter-alpha-trypsin inhibitor, heavy chain 4 ITIH4 Upregulated Upregulated <0.001

Serum amyloid P APCS Upregulated NS 0.864

Fetuin B FETUB Upregulated Downregulated 0.003

C-reactive protein CRP Upregulated Upregulated 0.001

Sulfhydryl oxidase 1 QSOX1 Upregulated Upregulated 0.184

Peptidase inhibitor 16 PI16 Upregulated Downregulated 0.001

Cadherin-2 (N-Cadherin) CDH2 Upregulated NS 0.652

Dipeptidyl peptidase 4 DPP4 Downregulated Downregulated <0.001

Extracellular superoxide dismutase [Cu-Zn] SOD3 Downregulated NS <0.001

"NS" means not statistically significant

Bolded values were statistically significant by Mann-Whitney testing
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Table 2:

Table of counts showing how many times each panel and method were selected across leave-one-out cross-

validation runs for panels of 5 biomarkers for the task of distinguishing cancer cases from low-risk cancer-free 

cases. Methods or panel candidates that were never selected as best within some fold are not shown. The cell 

corresponding to the method and panel combination that was selected when fitting to the entire training set 

(i.e. random forest and EGFR, HPX, ITIHR, LRG1, SOD3) is bolded

Classification method

Panel Extremely randomized trees Random Forest Total

DPP4, EGFR, ITIH3, ITIH4, LRG1 9 15 24

EGFR, HPX, ITIH4, LRG1, SOD3 4 17 21

DPP4, EGFR, ITIH4, LRG1, PI16 17 1 18

CD44, EGFR, HPX, ITIH4, LRG1 11 4 15

CD44, EGFR, ITIH4, LRG1, SOD3 12 3 15

CD44, EGFR, ITIH3, ITIH4, LRG1 9 0 9

EGFR, FETUB, ITIH4, LRG1, SOD3 1 2 3

CFI, EGFR, ITIH4, LRG1, SOD3 2 0 2

CD44, EGFR, ITIH4, LRG1, QSOX1 1 0 1

Total 66 42
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