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Introduction: Current serological surveillance markers to monitor colorectal cancer (CRC) or colorectal advanced 

adenomas (CAA) are hampered by poor sensitivity and specificity. The aim of this study is to identify and validate 

a panel of plasma microRNAs which change in expression after resection of such lesions. 

Methods: A prospectively maintained colorectal surgery database was queried for patients in whom both pre- 

and post-procedural serum samples had been obtained. An initial screening analysis of CRC and CAA patients 

(5 each) was conducted using screening cards for 380 miRNAs. Four identified miRNAs were combined with a 

previously described panel of 7 miRNAs that were diagnostically predictive of CRC and CAA. Differential miRNA 

expression was assessed using quantitative real-time polymerase chain reaction(qRT-PCR). 

Results: Fifty patients were included ( n = 27 CRC, n = 23 CAA). There was no difference in age, gender, or race 

profile of CRC patients compared to CAA patients. Six miRNA were significantly increased after CRC resection 

(miR-324, let7b, miR-454, miR-374a, miR-122, miR-19b, all p < 0.05), while three miRNAs were significantly 

increased following CAA resection (miR-454, miR-374a, miR-122, all p < 0.05). Three miRNA were increased in 

common for both ( miR-454, miR-374a, miR-122 ). 

Discussion: The expression of miRNAs associated with neoplasia (either CRC or CAA) was significantly increased 

following surgical resection or endoscopic removal of CRC or CAA. Future studies should focus on the evaluation 

of these miRNAs in CRC and CAA prognosis. 
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The majority of patients diagnosed with colorectal cancer (CRC)

resent with regional or distant stage disease [1] . There have been im-

rovements in the survival of all patients with CRC, but the outcomes for

atients with stage III or IV disease remain poor [1] . Although screening

trategies have improved the early detection of CRC, there is a signifi-

ant need to improve post-operative surveillance strategies [2] . 

The carcinoembryonic antigen (CEA) assay is the only plasma-based

ssay that is routinely available for post-operative surveillance and for

onitoring response to therapy. It has also been evaluated for screen-

ng, but it lacks sufficient sensitivity (36–74%) and specificity (87%) to

ccurately detect CRC recurrence or recurrence of its precursor lesion,

olorectal advanced adenoma (CAA) [3 , 4] . CAA is a well recognized

recursor lesion to sporadic CRC [5 , 6] and is defined as an adenoma

 0.6 cm diameter with high-grade dysplasia or with a villous compo-
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ent [7 , 8] . Endoscopic removal of such CAA prevents the formation of

RC, which, in turn, decreases CRC incidence [9 , 10] . 

MicroRNA (miRNA) are small non-protein coding RNA molecules

hat have been associated with the regulation of different disease pro-

esses and play an important role in oncogenesis by regulating gene ex-

ression [11 , 12] . MiRNAs are known to be actively released from cells

nd are found in body fluids such as plasma, saliva, feces and urine

13 , 14] . Plasma miRNAs have been identified as diagnostic and prog-

ostic biomarkers in CRC [15 , 16] . 

We have previously investigated the use of miRNAs as a biomarker

or the detection of CAA and CRC and have demonstrated that miRNAs

ere able to distinguish between individuals with CAA or CRC from

ealthy controls with higher sensitivity and specificity than currently

sed non-invasive screening methods [14] . 

Previous studies have demonstrated a change in the serum miRNA

xpression pre- and post-operation for both ovarian and breast can-
mber 2020 
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Table 1 

Patient demographics of the screening group. 

Variables Screening group ( N = 10) N(%) 

Age (Year) 57 (46 − 72) 

Gender 

Female 7 (70) 

Male 3 (30) 

Race 

Caucasian 10 (100) 

African American 0 (0) 

Type of neoplasia 

Colorectal advanced adenoma 5(50) 

Colorectal adenocarcinoma 5(50) 

Location of neoplasia 

Cecum 2(20) 

Ascending colon 4(40) 

Descending colon 1(10) 

Rectum 3(30) 

Continuous data presented as median (interquartile range). Cat- 

egorical data presented as N(%). 
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er. There are few studies that examine both CAA and CRC [17 , 18] .

he identification of miRNAs that change in expression following endo-

copic removal of CAA or tumor resection may have a potential novel

ole in monitoring these patients. We hypothesize that the expression

f tumor-related miRNAs will significantly change following CRC resec-

ion or endoscopic CAA removal. The aim of this study was to identify

nd validate differentially expressed miRNAs between pre- and post-

ntervention serum samples in patients with CAA and CRC. 

ethods 

This study was approved by the University of Louisville Institutional

eview Board (#12–025), and written informed consent was obtained

rom all patients. The study population consisted of consecutive patients

ecruited from the University of Louisville Colon and Rectal Surgery

ractice between 2016 and 2019, who had signed informed consent and

n whom both pre-treatment and post-treatment serum samples were

vailable. 

tudy subjects 

One hundred twenty samples from 60 patients were included in this

tudy: 28 patients with CAA (defined as > 0.6 cm diameter with a villous

omponent or high-grade dysplasia) [7 , 8] , 30 patients with stage I-III

RC, and two patients with stage IV CRC (single and resectable liver

etastasis). In the CAA group, the initial blood sample was taken at

he time of endoscopy when the CAA was identified. In the CRC group,

he initial sample was taken prior to any initial therapy. This follow-up

pecimen was obtained at the patient’s next office visit or colonoscopy,

hichever occurred first. Patients with CRC were staged according to

he American Joint Committee on Cancer TNM staging system [19] . 

Peripheral whole blood was extracted from patients and plasma im-

ediately isolated and stored at − 80 °C for later use, as previously de-

cribed [14 , 20] . 

iRNA screening 

Screening studies were initially performed to determine differen-

ial expression of 384 miRNA between pre- and post-treatment samples

n five patients with CRC and five patients with CAA (pre- and post-

esection plasma samples of five CRC patients and pre- and post- en-

oscopic removal plasma samples of five CAA patients, n = 20 samples

otal). We have, however, previously reported on assay reproducibil-

ty with respect to plasma miRNA expression and demonstrated our

xperimental technique to be reproducible and reliable [21 , 22] . To-

al RNA was extracted from plasma (miRNeasy R ○ Serum/Plasma Isola-

ion Kit, Qiagen, Valencia, CA), after which the quantity and purity of

ach sample was confirmed using a Nanodrop 2000 spectrophotome-

er (ThermoFisher Scientific R ○, Middlesex, MA). Samples were deemed

f good quality with an A 260/280 ratio of 1.8–2.2. For each sample

 n = 20), the expression levels of 384 miRNAs were examined using the

aqMan R ○ Low Density Array (TLDA) human miRNA card A following

he manufacturer’s protocol (Life Technologies, Carlsbad, CA). Comple-

entary DNA (cDNA) was generated from total RNA samples using the

aqMan R ○ miRNA Reverse Transcription kit (Life Technologies, Carls-

ad, CA). Quantitative real-time polymerase chain reaction (qRT-PCR)

as performed using a ViiA 

TM 7 Real-Time PCR System (ThermoFisher

cientific R ○, Middlesex, MA). The cycle threshold was set at 0.03. All

xperiments were performed by a single operator. Normfinder software

as used to find the optimal endogenous reference gene on the TLDA

ards [21] . As such, RNU6B and miR-16 were selected as the endoge-

ous reference genes, with the mean used for statistical analysis. 

ingle assay miRNA validation 

For miRNA single assay quantification, plasma was isolated from 50

atients, 25 with CAA and 25 with CRC, each with pre and post sam-
les ( n = 100 samples, 50 CAA and 50 CRC). Total RNA was converted

o cDNA using TaqMan R ○ miRNA Reverse Transcription kit and specific

aqMan R ○ miRNA primers for each miRNA of interest and the endoge-

ous reference miRNAs RNU6B and miR-16 (Life Technologies, Carls-

ad, CA). Specific TaqMan R ○ probes for each miRNA were then used

o bind to complementary sequences on target cDNA during qRT-PCR,

hich was performed using the Step-One Plus qRT-PCR system (Life

echnologies, Carlsbad, CA). All reactions were completed in duplicate

nd the cycle threshold set at 0.1 in order to perform statistical analysis.

tatistical analysis 

Patient age and time from surgery to procedure were compared us-

ng a two-sample t -test or ANOVA, where appropriate. The frequencies

or race and gender were compared using the chi-squared test, or Fis-

her’s exact test, where appropriate. Expression levels of each individual

iRNA were normalized to the mean of RNU6B and miR-16 (endoge-

ous internal reference genes), in order to calculate ΔCt values. Differen-

ial expression between pre- and post-treatment samples were analyzed

sing the ΔΔCt method [22] . 

esults 

xploratory miRNA screening and selection of a miRNA panel 

A flow diagram of the experimental procedure to identify a panel or

iRNA for validation is shown in Fig. 1 . Five patients with CAA and five

atients with CRC were used in this exploratory analysis ( Table 1 ). In

hese patients, the miRNA expression was compared between the post-

reatment and pre-treatment blood samples (Supplementary Table 1 ).

e identified four miRNAs (miR-324–5p, miR-454, Let 7b and miR-19b)

rom our screening cohort that were significantly increased in expression

n the post-treatment sample compared to the pre-treatment samples in

oth CAA and CRC groups. These four miRNA were also selected on the

asis of their biological relevance [23–26] . 

To expand the scope of the miRNA to be studied on single assay

nalysis, we added other miRNAs found to be relevant to the study

f colorectal neoplasia. Our group has previously reported a panel of

even miRNA (miR-21, miR-29c, miR-346, miR-374a, miR-372, miR-

22 and miR-192), which were found to be highly diagnostically pre-

ictive of CRC and CAA and compared to other cancers (breast can-

er, lung cancer, and pancreatic cancer) and to healthy controls [14] .

hese microRNA were found to be both biologically relevant to the study

f colorectal neoplasia, but the changes in their expression following

AA or CRC resection has not been studied. Although the differences

n these miRNA were not statistically significant on screening analysis,
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Fig. 1. Flow diagram describing the experimental procedure to identify the panel of 11 miRNA for validation. a) A pre-treatment and post-treatment serum 

sample was obtained for 5 patients with CRC and for 5 patients with CAA. The expression of 384 miRNA for each serum sample was performed to compare the 

miRNA expression in the post-treatment sample to the pre-treatment sample. b) Four miRNA were differentially expressed and combined with a previously reported 

panel of 7 miRNA.13 c) This produced a panel of 11 miRNA for further investigation. 

Table 2 

Patient demographics of the validation groups. 

Variables Total ( N = 50) N(%) CAA ( N = 23) N(%) CRC ( N = 27) N(%) 

Age (Year) 61 (49–70) 66 (51–73) 57 (47–67) 

Gender 

Female 21 (42) 12 (52) 9 (32) 

Male 29 (58) 11 (48) 18 (68) 

Race 

Caucasian 44 (88) 19 (83) 25 (93) 

African American 6 (12) 4 (17) 2 (8) 

CAA/CRC location 

Cecum 9(18) 5(22) 4(15) 

Ascending colon 9(18) 7(30) 2(7) 

Hepatic flexure 1(2) 0(0) 1(4) 

Transverse colon 2(4) 2(9) 0(0) 

Splenic flexure 0(0) 0(0) 0(0) 

Descending colon 3(6) 3(13) 0(0) 

Sigmoid colon 10(20) 3(13) 7(26) 

Rectum 16(32) 3(13) 13(48) 

AJCC stage 

I – – 4 (15) 

II – – 9 (33) 

III – – 12 (44) 

IV – – 2 (7) 

CRC: Colorectal cancer, CAA: Colorectal advanced adenoma. Continuous data pre- 

sented as median (interquartile range). Categorical data presented as N(%). 
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hese seven miRNA were studied in addition to four miRNAs identified

uring screening. This produced an 11-miRNA panel to be assessed in

he final study cohort. 

esting of the 11-miRNA panel 

The demographics of the testing cohort are shown in Table 2 . The co-

ort included 44/50 patients (88%) who were Caucasian; 29/50 (58%)

ere male. The median patient age at the initial blood draw was 61

ears. The median number of months until retrieval of the follow-up

lood sample in the CRC patients was 3 months, and 85% of patients

ad the follow-up blood sample taken within 12 months. The median

ength of follow up was 41 months (interquartile range: 25–49 months),

nd five patients had CRC recurrence. The median number of months to

ollow-up blood sample in the CAA patients was 15 months, and 78% of
atients had the follow-up blood sample taken within 24 months. Fig. 2

s a flow diagram describing the experimental procedure to validate the

anel of 11 miRNA. 

RC patients 

Four of the miRNA identified in the screening cohort were signifi-

antly increased in expression post- CRC resection ( miR-324 : FC = 2.65,

 = 0.007, Let-7b : FC = 1.97, p = 0.009, miR-454 : FC = 3.74, p = < 0.001,

iR-19b : FC = 1.75, p = 0.04) ( Fig. 3 ). In addition, 3 miRNA from our

riginal diagnostic panel were also increased in expression following

esection ( miR-29c : FC = 1.68, p = 0.06, miR-374a : FC = 2.07, p = 0.04,

iR-122 : FC = 2.30, p = 0.04) ( Supplementary Table 2, Fig. 3 ). In order

o account for the variability in time for obtaining follow-up blood sam-

les, we performed several sensitivity analyses. First, we included only
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Fig. 2. Flow diagram describing the experimental procedure to validate 

the previously defined panel of 11 miRNAs. The expression of each of the 11 

miRNA were compared between the post-treatment sample and pre-treatment 

sample of 27 patients with CRC and 23 patients with CAA. 

p  

s  

n  

s  

r  

d  

d  

s

C

 

i  

4  

(  

i  

(  

p  

t  

s

A

 

e  

a  

d  

t  

F  

d  

e  

e  

t  

f

D

 

t  

t  

i  

w  

n  

F

i

p

p

atients who had follow-up blood samples collected within 6 months of

urgery. miR-324, let7b, miR-454, miR-374a, and miR-19b were still sig-

ificantly increased in expression ( Supplementary Table 3 ). One other

ource of potential variation could be the fact that 4 CRC patients were

eceiving adjuvant chemotherapy at the time of the follow-up blood

raw. This was, however, adjuvant chemotherapy to prevent recurrent

isease, not to treat recurrent disease. The numbers of patients were too

mall to permit meaningful analysis. 

AA patients 

In contrast, two of the miRNA in the screening cohort were increased

n expression post-CAA excision ( miR-324 : FC = 1.68, p = 0.09 and miR-
ig. 3. Scatter plots comparing the pre-treatment and post-treatment expressio

ncreased in expression following CRC resection. a-d) Four of the miRNA identified fro

 = 0.007, Let-7b: FC = 1.97, p = 0.009, miR-454: FC = 3.73, p = < 0.001, miR-19b: FC = 1.

anel were increased in expression (miR-29c: FC = 1.68, p = 0.06, miR-374a: FC = 2.41
54 : FC = 2.12, p = 0.02) ( Fig. 4 ). Similar to CRC resection, miR-374a

FC = 2.18, p = 0.007) and miR-122 (FC = 3.96, p = 0.004) from our orig-

nal diagnostic panel were also significantly increased in expression

 Supplementary Table 4 , Fig. 4 ). An additional sensitivity analysis was

erformed, including only patients who had follow-up blood samples ob-

ained within 18 months of surgery. miR-374a and miR-122 were still

ignificantly increased in expression ( Supplementary Table 5 ). 

ssociation with clinical outcomes 

As the purpose of this study was to examine whether plasma miRNA

xpression changed following resection of either CAA or CRC, the ex-

mination for associations with clinical outcomes is limited and only

escriptive due to sample size. In this patient cohort, 5 of the 27 CRC pa-

ients developed recurrent disease a median of 12 months after surgery.

or these 5 patients with disease recurrence, the time from surgery to

ate of post-operative blood draw was less than 2.6 months. At the very

arly time point sampled in this study, obvious differences in miRNA

xpression between those patients who developed recurrent disease and

hose that did not were not apparent (Supplementary Table 6 ). Clearly,

urther studies with serial patient sampling over time are required. 

iscussion 

The aim of this study was to identify neoplasia-associated miRNAs

hat change in expression following CAA removal or CRC resection and

hat could potentially be used for therapeutic surveillance or monitor-

ng. Four miRNA were selected from a screening analysis and combined

ith our previous panel of seven miRNA that had been found to be diag-

ostically predictive of colorectal neoplasia. On validation analysis, six
n of each individual miRNA in the CRC cohort. Seven of the miRNA were 

m the screening were significantly increased in expression; miR-324: FC = 2.65, 

75, p = 0.04.) e-k) Three of the miRNA from our previously described diagnostic 

, p = 0.04, miR-122: FC = 2.42, p = 0.045). FC- Fold change. 
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Fig. 4. Scatter plots comparing the pre-treatment and post-treatment expression of each individual miRNA in the CAA cohort. Four of the miRNA were 

increased in expression following CAA removal. a-d) Two of the miRNA identified from the screening were increased in expression (miR-324: FC = 1.68, p = 0.09 and 

miR-454: FC = 2.12, p = 0.02.) e-k) Two of the miRNAs from our previously described diagnostic panel were significantly increased in expression (miR-374a [FC = 2.18, 

p = 0.007] and miR-122 [FC = 3.96, p = 0.004]) FC-Fold change. 
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a  
f the miRNA were significantly increased in expression following CRC

esection and three miRNA were increased in expression following CAA

emoval. As expected, the magnitude of fold change for the CRC patients

as greater than that for the CAA patients. This study demonstrates the

otential use of measuring serial miRNAs (e.g., following CRC resection

r CAA removal as a surveillance biomarker). 

Due to normal variation in patient care, there was some variability

n the time from initial sample retrieval to that of the follow-up blood

ample in both the CRC and CAA patients. Despite this, several miRNA

ere significantly increased in expression and remained significantly

ncreased in expression on sensitivity analysis. This demonstrates the

linical utility and practicality of miRNAs as potential biomarkers, as

his variability in time is a normal component of patient care. Our pre-

ious study demonstrated the utility of measuring serum miRNA in the

iagnosis of colorectal neoplasia [14] , but it did not examine the use of

his panel for measuring response to therapy. The current study demon-

trates the use of measuring serum miRNA as potential biomarkers of

reatment response. 

The fold changes of the identified miRNA were increased in expres-

ion following resection in both the CRC and CAA groups. This is con-

radictory to some studies. Serum miR-21 was previously shown to de-

rease in expression at day 7 post-surgical resection in CRC patients

29] ; however, the median time from surgery to the follow-up blood

ample in our study was 2.6 months. A recent study on circulating tu-

or DNA demonstrated an initial drop in DNA expression following re-

ection and an increase in expression over time in patients who subse-

uently have disease recurrence, and to a lesser extent, in those who do

ot have disease recurrence [30] . The longer time to follow-up blood

ample may account for the overall differences between the pre- and

ost-blood samples. The increase in miRNA expression may be a result
f the removal of the CAA or CRC lesion, which was inhibiting miRNA

xpression from other tissues/organs. 

As expected, the magnitude of the miRNA fold change for patients

ith CRC was greater than that of the CAA patients. In addition, the

hysiological challenge of surgery (e.g., sympathetic nervous system

ctivation, endocrine, immunologic, and haematologic changes) is sig-

ificantly greater than that of an endoscopic CAA removal. In trauma

urgery, there are short- and long-term changes in gene expression fol-

owing an initial insult [27 , 28] . This may, in part, explain the larger

agnitude of gene expression in miRNAs associated with cellular sur-

ival [29] , growth [30 , 31] , and healing [31] in patients undergoing

bdominal surgery when compared to patients undergoing endoscopic

AA removal. Serial samples of CRC patients in the immediate postop-

rative period, and over a longer time period, is warranted to identify

ongitudinal changes in miRNA expression and to verify these results. 

There is significant interest in the identification of biomarkers to

etect tumor recurrence. Serial CEA measurement for surveillance fol-

owing resection is recommended for colorectal cancer, but it has vari-

ble sensitivity and specificity [3 , 32] . A previous murine study demon-

trated decreases in blood miRNA expression following surgery, radia-

ion, and chemotherapy for implanted tumors [33] . Ng et al. sought to

onfirm changes in 2 miRs (miR-17–3p and miR-92) whose expression

ad been identified to be increased in CRC as compared to controls.

elative expression of these 2 miRs was found to decrease in the 7-day

ostoperative sample compared to the preoperative sample [34] . Sim-

lar studies have demonstrated the differential expression of miRNA in

lood following resection in other malignancies such as cervical cancer

nd hepatocellular carcinoma [17 , 35] . Leidinger et al. conducted a lon-

itudinal analysis of 1205 plasma miRNAs in 26 lung cancer patients

fter lung resection at 8 time points over an 18-month period compar-
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[  
ng them to 12 controls. They identified 16 miRNAs, including 10 posi-

ively and 6 negatively correlated miRNA [36] . Some authors have used

 miRNA-sequencing approach to identify differentially expressed miR-

As, beyond that of miRNAs classically associated with tumorigenesis

37] . Latchana et al. compared the plasma miRNA expression profile

n patients before and after surgical resection of metastatic melanoma

 n = 6) and identified 2 significant miRNAs for further analysis [37] . The

bility to track miRNA expression as a surrogate marker for disease pro-

ression has also been explored in breast cancer, where miR-155 was

ound to be significantly correlated with chemotherapy response [18] .

n the current study, we identified and validated six miRNAs in CRC,

nd three miRNA in CAA, which increased in expression following CRC

esection or CAA removal. These studies highlight the relevant clinical

tility of miRNA in the care of patients with colorectal neoplasms. The

nding that some of the miRNAs are significantly increased following

AA removal is important as studies have shown that a history of ade-

omas is associated with an increased risk of colorectal cancer [38] .

herefore, a blood-based assay to follow patients with CAA may be of

ignficiant public health importance. 

The measurement of stool DNA expression as a method for screening

as come to the forefront in recent years [39] . The expression of miRNA

n urine and fecal matter has also been explored in cancer patients. Fe-

al miR-20a-5p, miR-21–3p, and miR-141 were increased in the stool

f patients with CRC, and the expression returned to that of control

atients following CRC resection [40] . Similarly, urine miR-146a-5p ex-

ression decreased following transurethral resection of bladder cancer

41] . Measurement of miRNAs from other bodily fluids could be an al-

ernative way to improve the sensitivity and specificity of current cancer

creening programs. 

There are limitations to this study. While all of the samples were

aired, our sample size was modest. Due to normal patient variation

n the scheduling of post-operative follow-up visits, there was variabil-

ty in the time to obtaining follow-up blood samples. This represents

 study limitation as previous studies have demonstrated that dynamic

hanges occur in circulating tumor DNA levels post-operatively. This

equires further study. In addition, the miRNA screening cards used in

his study are restricted to well-characterized miRNA with a biologi-

al reason for inclusion. They, therefore, do not quantify the expression

f miRNA that would be captured using a next-generation sequencing

pproach. We do not include data on miRNA expression over time in

 cohort of healthy individuals; however, MacLellan et al. have shown

iRNA expression in healthy controls have little variability when exam-

ning levels in matched samples over up to a 17-month interval [42] . Our

esults are contrary to some studies examining perioperative miRNA. Se-

ial longitudinal measurement of blood miRNA expression is warranted

o investigate dynamic plasma miRNA expression and whether changes

n miRNA expression correlate with tumor recurrence or originate from

ther organ and cell sources that may increase their relative contribution

n the absence of the insult. This hypothesis requires further study. Fu-

ure studies will focus on the measurement of miRNAs in patients who

ave tumor recurrence as a basis for identifing markers for recurrent

isease. 

onclusion 

This exploratory study identified miRNAs that increase in expression

ollowing CRC resection or CAA removal. It highlights the potential role

hat plasma miRNA measurements have in the non-invasive monitoring

f patients with colorectal neoplasms. 

eclaration of Competing Interest 

All authors declare no conflict of interest or relevant financial dis-

losure. 
unding Statement 

This work was supported by the John W. Price and Barbara Thruston

twood Price Trust and a grant from the Mary K. Oxley Foundation. JH,

B, VS, JB, and KF were supported by the University of Louisville Cancer

ducation Program (NIH 2R25CA134283–06A1) 

RediT author statement 

Stephen O’Brien: Study concept, Design, Methodology, Supervision,

ata collection, Statistical analysis, Drafting of manuscript and final ap-

roval 

Uri Netz: Study concept, Design, Methodology, Supervision, Drafting of

anuscript and final approval 

Jacob Hallion: Data collection, Drafting of manuscript and final ap-

roval 

Campbell Bishop: Data collection, Drafting of manuscript and final

pproval 

Vincent Stephen: Data collection, Drafting of manuscript and final ap-

roval 

James Burton: Data collection, Drafting of manuscript and final ap-

roval 

Mason Paas: Data collection, Drafting of manuscript and final approval

Kayla Feagins: Data collection, Drafting of manuscript and final ap-

roval 

Jianmin Pan: Statistical analysis, Drafting of manuscript and final ap-

roval 

Shesh N. Rai: Statistical analysis, Supervision, Drafting of manuscript

nd final approval 

Susan Galandiuk: Funding acquisition, Study Concept, Design, and

ethodology, Supervision, Drafting of manuscript and final approval 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.tranon.2020.100962 . 

eferences 

[1] R.L. Siegel , K.D. Miller , S.A. Fedewa , D.J. Ahnen , R.G.S. Meester , A. Barzi , et al. ,

Colorectal cancer statistics, 2017, CA Cancer J. Clin. 67 (2017) 177–193 . 

[2] J. Rose , K.M. Augestad , G.S Cooper , Colorectal cancer surveillance: what’s new and

what’s next, World J. Gastroenterol. 20 (2014) 1887–1897 . 

[3] M.G. Fakih , A. Padmanabhan , CEA monitoring in colorectal cancer. What you should

know, Oncology (Williston Park). 20 (2006) 579–587 discussion 88, 94, 96 passim .

[4] R.H Fletcher , Carcinoembryonic antigen, Ann. Intern. Med. 104 (1986) 66–73 . 

[5] E.R. Fearon , B. Vogelstein , A genetic model for colorectal tumorigenesis, Cell 61

(1990) 759–767 . 

[6] W.B Strum , Colorectal adenomas, N. Engl. J. Med. 374 (2016) 1065–1075 . 

[7] H. Brenner , M. Hoffmeister , C. Stegmaier , G. Brenner , L. Altenhofen , U Haug , Risk

of progression of advanced adenomas to colorectal cancer by age and sex: estimates

based on 840,149 screening colonoscopies, Gut 56 (2007) 1585–1589 . 

[8] C. Hassan , P.J. Pickhardt , D.H. Kim , E. Di Giulio , A. Zullo , A. Laghi , et al. , System-

atic review: distribution of advanced neoplasia according to polyp size at screening

colonoscopy, Aliment. Pharmacol. Ther. 31 (2010) 210–217 . 

[9] Nishihara R., Wu K., Lochhead P., Morikawa T., Liao X., Qian Z.R., et al. Long-term

colorectal-cancer incidence and mortality after lower endoscopy. 2013;369:1095–

105. 

10] A.D. Muller , A. Sonnenberg , Prevention of colorectal cancer by flexible endoscopy

and polypectomy. A case-control study of 32,702 veterans, Ann. Intern. Med. 123

(1995) 904–910 . 

11] C.M Croce , Oncogenes and cancer, N. Engl. J. Med. 358 (2008) 502–511 . 

12] P.S Meltzer , Cancer genomics: small RNAs with big impacts, Nature 435 (2005)

745–746 . 

13] J.R. Chevillet , I. Lee , H.A. Briggs , Y. He , K Wang , Issues and prospects of mi-

croRNA-based biomarkers in blood and other body fluids, Molecules 19 (2014)

6080–6105 . 

14] J.V. Carter , H.L. Roberts , J. Pan , J.D. Rice , J.F. Burton , N.J. Galbraith , et al. , A highly

predictive model for diagnosis of colorectal neoplasms using plasma microrna: im-

proving specificity and sensitivity, Ann. Surg. 264 (2016) 575–584 . 

15] J.V. Carter , N.J. Galbraith , D. Yang , J.F. Burton , S.P. Walker , S Galandiuk , Blood-

-based microRNAs as biomarkers for the diagnosis of colorectal cancer: a systematic

review and meta-analysis, Br. J. Cancer 116 (2017) 762–774 . 

16] P.J. Mishra , Non-coding RNAs as clinical biomarkers for cancer diagnosis and prog-

nosis, Expert Rev. Mol. Diagn. 14 (2014) 917–919 . 

http://dx.doi.org/10.13039/100007924
https://doi.org/10.1016/j.tranon.2020.100962
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0001
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0002
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0002
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0002
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0002
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0003
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0003
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0003
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0004
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0004
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0005
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0005
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0005
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0006
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0006
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0007
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0008
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0010
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0010
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0010
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0011
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0011
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0012
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0012
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0013
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0013
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0013
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0013
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0013
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0013
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0014
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0015
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0016
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0016


S.J. O’Brien, U. Netz, J. Hallion et al. Translational Oncology 14 (2021) 100962 

[  

 

[  

[  

 

[  

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

 

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

 

[  

 

[  

 

[  

 

 

[  
17] W.-.T. Wang , Y.-.N. Zhao , J.-.X. Yan , M.-.Y. Weng , Y. Wang , Y.-.Q. Chen , et al. , Dif-

ferentially expressed microRNAs in the serum of cervical squamous cell carcinoma

patients before and after surgery, J. Hematol. Oncol. 7 (2014) 6 . 

18] Y. Sun , M. Wang , G. Lin , S. Sun , X. Li , J. Qi , et al. , Serum microRNA-155 as a potential

biomarker to track disease in breast cancer, PLoS One 7 (2012) e47003 . 

19] S.B. Edge , C.C. Compton , The American joint committee on cancer: the 7th edition

of the AJCC cancer staging manual and the future of TNM, Ann. Surg. Oncol. 17

(2010) 1471–1474 . 

20] Z. Kanaan , H. Roberts , M.R. Eichenberger , A. Billeter , G. Ocheretner , J. Pan , et al. ,

A plasma microRNA panel for detection of colorectal adenomas: a step toward more

precise screening for colorectal cancer, Ann. Surg. 258 (2013) 400–408 . 

21] C.L. Andersen , J.L. Jensen , T.F Ørntoft , Normalization of real-time quantitative re-

verse transcription-PCR data: a model-based variance estimation approach to iden-

tify genes suited for normalization, applied to bladder and colon cancer data sets,

Cancer Res. 64 (2004) 5245–5250 . 

22] K.J. Livak , T.D. Schmittgen , Analysis of relative gene expression data using real-time

quantitative PCR and the 2(-Delta Delta C(T)) Method, Methods (San Diego, Calif)

25 (2001) 402–408 . 

23] Y. Chen , S.-.X. Wang , R. Mu , X. Luo , Z.-.S. Liu , B. Liang , et al. , Dysregulation of the

MiR-324-5p-CUEDC2 axis leads to macrophage dysfunction and is associated with

colon cancer, Cell Rep. 7 (2014) 1982–1993 . 

24] T. Jiang , L. Ye , Z. Han , Y. Liu , Y. Yang , Z. Peng , et al. , miR-19b-3p promotes colon

cancer proliferation and oxaliplatin-based chemoresistance by targeting SMAD4: val-

idation by bioinformatics and experimental analyses, J. Exp. Clin. Cancer Res. 36

(2017) 131 . 

25] R. Mizuno , K. Kawada , Y Sakai , The molecular basis and therapeutic potential of let-7

microRNAs against colorectal cancer, Can. J. Gastroenterol. Hepatol. 2018 (2018)

5769591 . 

26] N. Shao , L. Xue , R. Wang , K. Luo , F. Zhi , Q Lan , miR-454-3p is an exosomal biomarker

and functions as a tumor suppressor in glioma, Mol. Cancer Ther. 18 (2019) 459 . 

27] N.J. Galbraith , S.J. O’Brien , S.P. Walker , S.A. Gardner , H.C. Polk Jr. , S.L Barnes ,

Temporal expression of circulating miRNA after severe injury, Surgery 164 (2018)

665–672 . 

28] C.C. Finnerty , M.G. Jeschke , D.N. Herndon , R. Gamelli , N. Gibran , M. Klein , et al. ,

Temporal cytokine profiles in severely burned patients: a comparison of adults and

children, Mol. Med. 14 (2008) 553–560 (Cambridge, Mass) . 

29] J. Schultz , P. Lorenz , G. Gross , S. Ibrahim , M Kunz , MicroRNA let-7b targets impor-

tant cell cycle molecules in malignant melanoma cells and interferes with anchor-

age-independent growth, Cell Res. 18 (2008) 549–557 . 

30] H. Tuo , Y. Wang , L. Wang , B. Yao , Q. Li , C. Wang , et al. , MiR-324-3p promotes tumor

growth through targeting DACT1 and activation of Wnt/beta-catenin pathway in

hepatocellular carcinoma, Oncotarget 8 (2017) 65687–65698 . 
31] H.L. Liang , A.P. Hu , S.L. Li , J.P. Xie , Q.Z. Ma , J.Y Liu , MiR-454 prompts cell prolif-

eration of human colorectal cancer cells by repressing CYLD expression, Asian Pac.

J. Cancer Prev. 16 (2015) 2397–2402 . 

32] Network NCC. Colon Cancer- NCCN Clinical Practice Guidelines in Oncology. 4 ed

2018. 

33] S. Farsinejad , M. Rahaie , A.M. Alizadeh , M. Mir-Derikvand , Z. Gheisary , H. Nos-

rati , et al. , Expression of the circulating and the tissue microRNAs after surgery,

chemotherapy, and radiotherapy in mice mammary tumor, Tumour Biol. 37 (2016)

14225–14234 . 

34] E.K. Ng , W.W. Chong , H. Jin , E.K. Lam , V.Y. Shin , J. Yu , et al. , Differential expression

of microRNAs in plasma of patients with colorectal cancer: a potential marker for

colorectal cancer screening, Gut 58 (2009) 1375–1381 . 

35] M. Sromek , M. Glogowski , M. Chechlinska , M. Kulinczak , L. Szafron , K. Zakrzewska ,

et al. , Changes in plasma miR-9, miR-16, miR-205 and miR-486 levels after non-s-

mall cell lung cancer resection, Cell. Oncol. (Dordr) 40 (2017) 529–536 . 

36] P. Leidinger , V. Galata , C. Backes , C. Stähler , S. Rheinheimer , H. Huwer , et al. , Lon-

gitudinal study on circulating miRNAs in patients after lung cancer resection, Onco-

target 6 (2015) 16674–16685 . 

37] N. Latchana , M.J. DiVincenzo , K. Regan , Z. Abrams , X. Zhang , N.K. Jacob , et al. ,

Alterations in patient plasma microRNA expression profiles following resection of

metastatic melanoma, J. Surg. Oncol. 118 (2018) 501–509 . 

38] H.G. Coleman , M.B. Loughrey , L.J. Murray , B.T. Johnston , A.T. Gavin , M.J. Shrub-

sole , et al. , Colorectal cancer risk following adenoma removal: a large prospective

population-based cohort study, in: Cancer epidemiology, Biomarkers & Prevention,

24, a publication of the American Association for Cancer Research, cosponsored by

the American Society of Preventive Oncology, 2015, pp. 1373–1380 . 

39] T.F. Imperiale , D.F. Ransohoff, S.H. Itzkowitz , T.R. Levin , P. Lavin , G.P. Lidgard ,

et al. , Multitarget stool DNA testing for colorectal-cancer screening, N. Engl. J. Med.

370 (2014) 1287–1297 . 

40] M.T. Rotelli , M. Di Lena , A. Cavallini , C. Lippolis , L. Bonfrate , N. Chetta , et al. , Fecal

microRNA profile in patients with colorectal carcinoma before and after curative

surgery, Int. J. Colorectal Dis. 30 (2015) 891–898 . 

41] H. Sasaki , M. Yoshiike , S. Nozawa , W. Usuba , Y. Katsuoka , K. Aida , et al. , Expression

level of urinary microRNA-146a-5p is increased in patients with bladder cancer and

decreased in those after transurethral resection, Clin. Genitourin. Cancer 14 (2016)

e493–e4e9 . 

42] S.A. MacLellan , C. MacAulay , S. Lam , C Garnis , Pre-profiling factors influencing

serum microRNA levels, BMC Clin. Pathol. 14 (2014) 27 . 

http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0017
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0018
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0019
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0019
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0019
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0020
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0021
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0021
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0021
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0021
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0022
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0022
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0022
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0023
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0024
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0025
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0025
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0025
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0025
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0026
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0027
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0028
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0029
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0029
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0029
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0029
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0029
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0029
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0030
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0031
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0033
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0034
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0035
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0036
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0037
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0038
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0039
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0040
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0041
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0042
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0042
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0042
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0042
http://refhub.elsevier.com/S1936-5233(20)30454-X/sbref0042

	Circulating plasma microRNAs in colorectal neoplasia: A pilot study in assessing response to therapy
	Introduction
	Methods
	Study subjects
	miRNA screening
	Single assay miRNA validation
	Statistical analysis

	Results
	Exploratory miRNA screening and selection of a miRNA panel
	Testing of the 11-miRNA panel
	CRC patients
	CAA patients
	Association with clinical outcomes

	Discussion
	Conclusion
	Declaration of Competing Interest
	Funding Statement
	CRediT author statement
	Supplementary materials
	References


