
2 

 

 Original article 

 

MiR-31-3p do not predict anti-EGFR efficacy in first-

line therapy of RAS wild-type metastatic right-sided 

colon cancer 

Emeric Boisteau*,1 Visualization, Writing – original draft, Methodology Investigation, 

Data curation, Alexandra Lespagnol*,2 Project administration, Methodology, Resources, 

Data curation, Marie De Tayrac2,3 Visualization, Methodology Formal analysis, Sébastien 

Corre3 Data curation, Methodology, Anthony Perrot2 Data curation, Nathalie Rioux-Leclercq4,5, 

Séverine Martin-Lannerée6 Resources, Pascal Artru7 Data curation, Investigation, Resources, 

Philippe Chalabreysse8 Resources, Pierre-Guillaume Poureau9 Resources, Laurent Doucet10 

Resources, Dahna Coupez11 Data curation, Investigation, Resources, Jaafar Bennouna11 

Writing – original draft, Data curation, Investigation, Resources, Céline Bossard12,13 

Resources, Romain Coriat14 Writing – original draft, Data curation, Investigation, 

Resources, Frédéric Beuvon15 Resources, Lucile Bauguion16 Data curation, Investigation, 

Resources, François Leclair17 Resources, Romain Chautard18 Data curation, Investigation, 

Resources, Thierry Lecomte18,19 Writing – original draft, Data curation, Investigation, 

Resources, Serge Guyetant20, 21 Resources, Romain Desgrippes22 Writing – original draft, 

Resources, Denis Grasset23 Data curation, Investigation, Resources, Hélène Lhostis24 

Resources, Karine Bouhier-Leporrier 25 , Frédéric Bibeau26 Resources, Julien Edeline4,27 

Resources, Writing – original draft, Marie-Dominique Galibert*,2,3,## 0000-0003-0095-
742X mgaliber@univ-rennes1.fr Project administration, Supervision, Visualization, 
Writing – original draft, Methodology, Resources, Astrid Lièvre*,1,28,# 0000-0003-2118-
717X astrid.lievre@chu-rennes.fr Conceptualization, Methodology, Resources, 
Writing – original draft, Visualization, Supervision, Project administration 

*equally contributed to the work 

 

 

 

1Department of Gastroenterology, Rennes University Hospital, Rennes, France 

2Department of Somatic Genetics of Cancer, Rennes University Hospital, Rennes, 

France. 

3Université de Rennes, CNRS, IGDR (Institut de génétique et développement de 

Rennes), UMR 6290, F-35000 Rennes, France 

4University of Rennes 1, Rennes, France 

                  



3 

 

5Department of Pathological Anatomy and Cytology, Rennes University Hospital, 

Rennes, France 

6IntegraGen SA; 5, rue Henri Desbruères, Evry, France 

7Digestive Oncology, Private Hospital Jean Mermoz, Lyon, France 

8Philippe Chalabreysse, cabinet de pathologie CYPATH, 201 route de Genas, 69100, 

Villeurbanne, France 

9Department of Oncology, University Hospital, Brest, France 

10Service d'Anatomie et Cytologie Pathologiques, Hôpital Morvan, CHRU Brest, Brest, 

France 

11Digestive Oncology, Institut Des Maladies De l'Appareil Digestif, Centre Hospitalier 

Universitaire De Nantes, Nantes, France 

12Service d'Anatomie et cytologie pathologiques, CHU Nantes, Nantes, France 

13Université de Nantes, INSERM CRCINA, 44000 Nantes, France 

14Gastroenterology and digestive oncology Unit, Hopital Cochin, APHP Centre, 

Université de Paris, Paris France. 

15Department of Pathology, Hôpital Cochin, Assistance Publique-Hôpitaux de Paris, 

AP-HP Centre-Université de Paris, Paris, France. 

16Department of Gastroenterology, Centre Hospitalier Vendée, La Roche-sur-Yon, 

France 

17Service d’anatomie et cytologie pathologiques, CHD Vendée, France 

18Department of Hepato-Gastroenterology and Digestive Oncology, CHRU de Tours, 

Tours, France 

19Université de Tours, EA 7501 GICC, Tours, France 

20Service d'Anatomie Pathologique, Hôpital Trousseau, CHRU de Tours, France 

21Université de Tours, INRAE, ISP,  F-37000 Tours, France 

22Hépato-gastro-entérologie, Cancérologie digestive, Centre Hospitalier de Saint 

Malo, France 

23Service de gastroentérologie, Centre Hospitalier Bretagne Atlantique, 20 boulevard 

Guillaudot 56017, Vannes, France 

24Department of Anatomy and Cytopathology, Centre Hospitalier Bretagne Atlantique, 

Vannes, France 

25Service d’hépato-gastro-entérologie, CHU Caen, Caen, France 

26Service d’Anatomie et Cytologie pathologiques, CHU de Caen, Université de Caen, 

Normandie, France 

                  



4 

 

27Department of Medical Oncology Rennes Eugène Marquis anticancer Center, 

Rennes, France 

28Rennes 1 University, INSERM U1242 "Chemistry Oncogenesis Stress Signaling", 

Rennes, France 

 

#Correspondences: -Prof Astrid Lièvre, Department of Gastroenterology, University 

Hospital of Pontchaillou, 2 rue Henri Le Guilloux, 35033 Cedex 09, Rennes, France 

##Correspondences:-Prof Marie-Dominique Galibert, Department of Molecular 

Genetics and Genomic, University Hospital Pontchaillou, 2 rue Henri Le Guilloux 

35033 Cedex 09, Rennes, France ORCID: . (MDG) 

  

                  



1 

 

Highlights 

 MiR-31-3p expression is predictive of anti-EGFR efficacy in mCRC.  

 Primary tumor side is prognostic and predictive of anti-EGFR efficacy in mCRC 

 In right-sided RAS-wt mCRC, miR-31-3p expression do not predict anti-EGFR efficacy and 
bevacizumab is the targeted therapy of choice whatever miR-31-3p expression level. 
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Abstract:  

Background: Low miR-31-3p expression was identified as predictive of anti-EGFR 

efficacy in RAS-wt mCRC. Primary tumor side was also proposed as a predictive 

factor of anti-EGFR benefit. This retrospective multicentric study evaluated the 

predictive role of miR-31-3p in right-sided RAS-wt mCRC patients treated with first-

line CT+anti-EGFR or CT+bevacizumab (Beva).  

Methods: Seventy-two right-sided RAS-wt mCRC patients treated in first-line with 

CT+anti-EGFR (n=43) or Beva (n=29) were included. Overall survival (OS), 

progression-free survival (PFS) and response rate (RR) were analyzed and stratified 

according to tumor miR-31-3p expression level and targeted therapy (TT).  

Results: BRAF V600E mutation was more frequent in high vs low miR-31-3p 

expressers (60.6% vs 15.4%, P < 0.001).  PFS was significantly longer with CT+Beva 

than with CT+anti-EGFR (13 vs 7 months; P = 0.024). Among low miR-31-3p 

expressers, PFS, OS and RR were not significantly different between the two groups, 

while in high miR-31-3p expressers, only PFS was longer in the CT+Beva group (11 

vs 6 months; P = 0.03). In patients treated with CT+anti-EGFR, low miR-31-3p 

expressers had a significantly longer OS (20 vs 13 months; P = 0.02) than high miR-

31-3p expressers. ORR was not significantly different between the two groups of 

treatment, in both low and high miR-31-3p expressers. MiR-31-3p expression status 

was statistically correlated between primary tumors and corresponding metastases.  

Conclusion: In this study, miR-31-3p couldn't identify a subgroup of patients with 

right-sided RAS-wt mCRC who might benefit from anti-EGFR and suggest that Beva 

is the TT of choice in first-line treatment of these patients. 

Keywords: colorectal cancer, metastasis, biomarker, miR-31-3p, anti-EGFR mAb, 

bevacizumab 
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1. Introduction 

Colorectal cancer (CRC) is the third most common cancer, with an estimated 

worldwide incidence of over 1.8 million in 2018 [1]. During the last fifteen years, 

progress has been made in the treatment of metastatic CRC (mCRC) with the 

development of targeted therapies, including the anti-EGFR (epidermal growth factor 

receptor) monoclonal antibodies (mAbs) cetuximab (Cetux) and panitumumab (Pani) 

and the anti-VEGF (vascular endothelial growth factor) mAb bevacizumab (Beva) [2–

4]. RAS mutation is a predictive marker of anti-EGFR resistance in mCRC, and 

therefore the use of this therapeutic class is restricted to patients with a RAS wild-

type (wt) tumor [5–7]. However, only 40 to 70% of RAS wt patients achieve an 

objective response to anti-EGFR therapy with or without chemotherapy (CT) [5-6, 8]. 

The efficacy of first-line CT plus anti-EGFR or Beva in RAS wt patients remains to be 

defined given the discrepant results of randomized studies [8-9]. Therefore, it is 

important to find new predictive biomarkers to better select patients who will truly 

benefit from anti-EGFR mAbs, avoid unnecessary and potentially deleterious 

exposure to their toxicity and help clinicians choose the best targeted therapy in first-

line of RAS wt mCRC. 

MicroRNAs control gene expression and are deregulated in many types of 

cancers [10]. MiR-31 promotes cell migration and invasion in CRC cells [11] and is 

frequently overexpressed in CRC [12]. Overexpression of miR-31-3p, a mature 

sequence of miR-31, was shown to be correlated with advanced disease and poor 

response to anti-EGFR mAbs in several retrospective studies [13–15] and in a post-

hoc analysis of the FIRE-3 trial [16]. The latter study observed that Cetux was 

superior to Beva in terms of overall survival (OS), progression-free survival (PFS) 
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and objective response rate (ORR) only for patients with low miR-31-3p expression 

[16]. Moreover, primary tumor side has been reported as a prognostic and predictive 

factor of anti-EGFR efficacy in RAS wt mCRC [17–19]. In the FIRE-3 post-hoc 

analysis, left-sided RAS wt mCRC patients benefited more from anti-EGFR mAbs 

than Beva regardless of miR-31-3p expression level, while those with a right-sided 

primary tumor and high miR-31-3p expression seemed to benefit more from 

CT+Beva [16]. 

Therefore, the aim of our study was to evaluate the prognostic and predictive 

role of miR-31-3p in a non-selected cohort of patients with right-sided RAS wt 

metastatic colon cancer treated with first-line CT + anti-EGFR or Beva using the 

REporting recommendations for tumor MARKer prognostic studies (REMARK) [20]. 

As it is still not clear which targeted therapy should be used in first-line for these 

patients, we assessed whether miR-31-3p could be a predictor of the targeted 

therapy to use in this setting. Our secondary objectives were to study the 

concordance of miR-31-3p between paired samples of primary tumors and 

metastases. 

 

 2. Materials and Methods 

 2.1. Patients 

This retrospective multicentric study included all consecutive patients treated 

with an anti-EGFR (Pani or Cetux) or Beva in association with a first-line CT for a 

histologically proven right-sided RAS wt mCRC from January 2014 to June 2017 in 

12 French centers (6 university hospitals, 4 general hospitals, 1 cancer center and 1 

private center). The exclusion criteria were histology other than adenocarcinoma and 
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double localization (right and left) of CRC. For these patients, the following data were 

collected from medical files: demographics, tumor stage at the time of diagnosis, 

primary tumor resection and date of surgery, type and date of adjuvant CT, type and 

number of metastatic sites, metachronous or synchronous metastases, surgical 

resection or percutaneous destruction of metastases and their date, BRAF and MMR 

(mismatch repair) status, Eastern Cooperative Oncology Group (ECOG) performance 

status (PS) before the start of first-line CT, type of targeted therapy and associated 

CT and their toxicities, best response to treatment (RECIST v1.1), cause of first-line 

CT discontinuation, date of progression or death and death related cause, number 

and type of 2nd line or further CT. Tumor response was assessed every 2 months by 

computed tomography (CT) scan and/or magnetic resonance imaging. As the 

proportion of tumors with high miR-31-3p expression in our cohort of patients treated 

with anti-EGFR was lower than expected based on literature data, miR-31-3p 

expression was also analyzed in an independent cohort of right-sided colon tumors 

(of all stages) from consecutive patients who underwent surgical resection of their 

primary tumor at the University Hospital of Rennes from January 2012 to December 

2018. From the two independent cohorts of patients, paired samples of both primary 

tumor and metastasis were available for 31 patients. 

The study was reviewed and approved by the Rennes University Hospital Ethics 

Committee for all participating centers (registration No. 18.37) and obtained the 

authorization of the National Commission for Data Protection and Liberties (CNIL) 

(number 2005096v0). According to French regulations, patients were informed of the 

study and did not express opposition, except one who was excluded from the 

analysis. 
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 2.2. MiR-31-3p analyses 

Tumor samples were obtained before the first-line treatment from the primary 

tumor or a metastatic site if primary tumor tissue was not available. All samples were 

reviewed by a pathologist, and the tumor area was marked for subsequent 

macrodissection. Only samples with a tumor cell percentage ≥ 20% were selected for 

DNA extraction [21-22]. For each tumor sample, slides of 10 µm thickness were 

obtained from the tumor area, and total RNA was extracted using the miRNeasy 

FFPE extraction kit (Qiagen, ref: 217504) according to the manufacturer’s 

instructions. Total RNA quantity and quality were evaluated using a bioanalyzer. MiR-

31-3p expression was quantified by RT-qPCR using a miRpredX 31-3p kit 

(Integragen, ref: IG-500-001). Expression levels were normalized to a reference 

miRNA and to a standard sample (provided with Integragen kit) using the ΔΔCt 

method. A previously reported cutoff value of 1.36 was initially used to define miR-31-

3p low and high expresser patients [23]. However, according to the manufacturer’s 

instructions, we considered values between 1.25 and 1.47 as uncertain. If the value 

lay within this zone, a new miR-31-3p quantification was performed, and if it was still 

uncertain, the sample was excluded from the analysis. This cutoff was defined to 

enable the identification of two subgroups of patients with mCRC with differential anti-

EGFR treatment effects [21-22]. 

 

2.3. Statistical analysis 

ORR was defined according to RECIST 1.1 criteria [24]. OS was defined as the 

time between the day of first administration of the first-line CT and death or date of 

last news or date of point. PFS was calculated from the first day of first-line CT to the 

date of first progression or death from any cause. Survival data (OS and PFS) were 
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estimated by the Kaplan-Meier method and compared by the log-rank test. A 

univariate Cox regression model was used to evaluate the association of the survival 

time of patients with each variable of interest, and a multivariate analysis was 

performed for parameters that were significant in univariate analysis. Differences in 

ORR according to the treatment arm were tested by Fisher’s exact test. The 

concordance was estimated by calculating Cohen's kappa coefficient (κ) with the 

Kappa function of the R package vcd. The association between miR-31-3p 

expression level and BRAF V600E mutation status was estimated with the chi-square 

test. All statistical analyses were carried out with the R statistical environment 

(http://www.R-project.org/). 

 

3. Results 

 

3.1. Patients' characteristics and outcome 

During the study period, 57 right-sided RAS wt mCRC patients were treated with 

CT+anti-EGFR and 34 with CT+Beva. The flow chart is represented in Figure 1. After 

applying the exclusion criteria previously described, 72 patients were included in the 

cohort of patients treated with CT+ targeted therapy (43 patients in the anti-EGFR 

group and 29 in the Beva group) (Table S1). Among the 26 patients constituting the 

independent cohort of right-sided colon tumors, tumor analysis was carried out in 

only 22 of them after 4 exclusions. Finally, of the 31 patients with available paired 

samples of both primary tumor and metastasis, only 16 patients had both samples 

with a tumor cell percentage > 20% (5 treated with anti-EGFR, 6 treated with Beva 

and 5 from the independent cohort). In the cohort of patients treated with first-line CT 
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+ targeted therapy, miR-31-3p expression analysis was measured in primary tumors 

and metastases in 93% and 7% of cases, respectively. 

The baseline characteristics of patients are reported in Table 1. Patients treated 

with CT+Beva more often had a primary tumor resection (P = 0.037), ≥ 2 metastatic 

sites (P = 0.043), or a CT triplet (P = 0.007) than those treated with CT+anti-EGFR. 

Among the 72 patients, 45.8% were high miR-31-3p expressers (39.5% in the anti-

EGFR group and 55.2% in the Beva group). The characteristics of both the low and 

high miR-31-3p expresser subgroups were comparable, except for the tumor BRAF 

V600E mutation, which was more frequent in high miR-31-3p expressers (60.6% vs 

15.4%, P < 0.001) (Table 2). In the independent cohort of 22 primary right-sided 

colon cancer patients, high miR-31-3p expression was found in 52% of tumor 

samples. 

 

After a median follow-up of 16.8 months (range 2.1-93), the median PFS and OS 

were 11 months (95% CI: 8-14 months) and 17 months (95% CI: 14-28 months), 

respectively. The median PFS was significantly longer in patients treated with Beva 

than in patients treated with anti-EGFR (13 months vs 7 months; HR = 0.52; 95% CI: 

0.29-0.91; P = 0.024) (Figure S1A). We observed a similar tendency in favor of Beva 

for median OS, but statistical significance was not reached (21 months vs 14 months; 

HR= 0.57; 95% CI: 0.32-0.99; P = 0.053) (Figure S1B). Tumor response was 

evaluable for 70 patients. The ORR was not significantly different between the anti-

EGFR and Beva groups (42.9% vs 47.6%; P = 0.88). 

 

3.2. Prognostic value of miR-31-3p expression 
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In univariate analysis, PS and metastasis resection were significant prognostic 

factors of PFS, whereas the type of targeted therapy, PS, metastasis resection and 

the number of metastatic sites were significant prognostic factors of OS (Table S2). 

As the type of targeted therapy nearly reached significance in univariate analysis for 

PFS (P = 0.053), it was included in multivariate analysis. In multivariate analysis, 

these factors remained significant for OS and PFS except the ECOG PS (Table S2). 

In univariate analysis, PFS and OS of low miR-31-3p expressers were not 

significantly longer than PFS and OS of high miR-31-3p expressers (PFS:12 months 

vs 9 months; HR= 1.32; 95% CI: 0.76-2.31; P = 0.30; and OS: 28 months vs 13 

months; HR= 1.64; 95% CI: 0.93-2.89; P = 0.070) (Figures 2A and 2B). Again, for 

ORR, no significant difference was observed between low and high miR-31-3p 

expressers (51.3% vs 38.7% respectively; P = 0.59). 

 

3.3. Treatment impact on OS, PFS and ORR according to miR-31-3p 

expression 

In the low miR-31-3p expression subgroup (n=39), despite there was a trend for 

a superiority of CT+Beva compared to CT+anti-EGFR in terms of OS and PFS, the 

difference was not statistically significant (median PFS 13 months vs 9 months; HR= 

0.52; 95% CI: 0.23-1.19; P = 0.15; and median OS 44 months vs 20 months; HR= 

0.56; 95% CI: 0.25- 1.29; P = 0.21) (Figures 3A and 3B). In the high miR-31-3p 

expresser subgroup (n= 33), the median PFS was significantly longer for patients 

treated with CT+Beva than for those treated with CT+anti-EGFR (11 months vs 6 

months; HR= 0.45; 95% CI: 0.20-0.98; P = 0.03). The median OS tended to be 

longer in the CT+Beva group, but the difference was not statistically significant (20 

months vs 13 months; HR= 0.52; 95% CI: 0.24-1.13; P = 0.09) (Figures 3C and 3D). 
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In both the low and high-expresser subgroups, there was no significant 

difference in the ORR between patients treated with CT+anti-EGFR or CT+Beva (low 

expressers: OR= 1.35; 95% CI: 0.29-6.40; P = 0.91, high expressers: OR= 1.16; 95% 

CI: 0.22-6.14; P = 1), but the best numeric ORR was observed in the group of low 

miR-31-3p expressers treated with CT+anti-EGFR (Table 3). 

In the cohort of patients treated with CT+anti-EGFR, median PFS of low miR-31-

3p expressers was not significantly different compared to high miR-31-3p expressers 

(9 months and 6 months, respectively, HR= 1.69; 95% CI: 0.83-3.42; P = 0.10). 

However, median OS was significantly longer in low miR-31-3p expressers compared 

to high miR-31-3p expressers (20 months and 13 months, respectively, HR= 2.04; 95% 

CI: 0.98-4.24; P = 0.02) (Figures S2A and S2B)). Despite there was a trend for a 

better ORR in patients with low miR-31-3p expression, it was not significantly 

different from that of patients with high miR-31-3p expression (53.8% vs 37.5%; OR= 

1.48; 95% CI: 0.36- 6.37; P = 0.75) (Table 3). 

In the cohort of patients treated with CT+Beva, there was no statistically 

significant difference in PFS, OS or ORR between patients with low and high miR-31-

3p expression (Figure S3A and S3B). 

 

3.4. Correlation of miR-31-3p expression status between paired samples of 

primary tumors and metastases 

MiR-31-3p expression status (low vs high) was statistically correlated between 

the primary tumors and corresponding metastases in 15 of the 16 patients for whom 

paired samples were available for analysis (Kappa concordance test = 0.871). In the 

remaining one patient, miR-31-3p expression was low in the primary tumor but high 

in the corresponding skin metastasis (Table S3). 
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Six patients received CT between the sampling of the primary tumor and the 

metastasis, including 5 with an associated targeted therapy (4 anti-EGFR and 1 

Beva). No change in miR-31-3p expression status between paired samples was 

observed in these patients. 

 

4. Discussion 

Our study confirms the poor prognosis of patients with right-sided RAS wt 

mCRC, with a median PFS of 11 months and a median OS of 17 months. Previous 

pooled or meta-analyses have clearly demonstrated lower survival in patients with 

right-sided mCRC compared to those with left-sided tumors and have reported 

median PFS ranging from 7 to 12.6 months and median OS between 11 months and 

23 months [17–19,25]. Moreover, we found a longer OS and PFS in patients treated 

with CT+Beva compared to those treated with CT+anti-EGFR, with the difference in 

OS reaching statistical significance, and no difference between the two targeted 

therapies in terms of ORR, which is also consistent with the literature [17,19,25]. In 

these meta-analyses, anti-EGFR mAbs appear to be more effective than Beva as 

first-line treatments for left-sided mCRC. In right-sided mCRC, however, anti-EGFR 

mAbs were inferior to Beva, which was associated with a significantly increased PFS 

and a numerically increased OS. This has led the US National Comprehensive 

Cancer Network to recommend that "only patients whose primary tumors originated 

on the left side of the colon should be offered Cetuximab or Panitumumab in the first-

line treatment of metastatic disease” [26]. 

Three previous studies, including right and left mCRC, have shown an 

independent prognostic value of miR-31-3p expression [13,16,27]. In our study, 

although the survival of low expresser patients was numerically longer than that of 
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high expressers in terms of PFS and OS, the difference was not significant, probably 

because of a lack of power and because our study was focused only on right-sided 

mCRC. However, in our right-sided mCRC patients, we confirmed the previously 

identified correlation between high miR-31-3p expression and BRAF V600E mutation 

in the overall mCRC population [16,27]. The mechanisms underlying this correlation 

remain to be elucidated. 

Previous reports have demonstrated that the miR-31-3p expression level within 

the RAS wt population was predictive of anti-EGFR efficacy first in pretreated 

patients and then in first-line treatment of mCRC, with better outcomes and response 

rates in patients with low miR-31-3p expression [13–16, 27, 28]. However, given the 

lower efficacy of anti-EGFR in right-sided mCRC reported in several studies [17, 19], 

the predictive value of miR-31-3p on the efficacy of cetuximab or panitumumab in 

these right-sided tumors remains to be determined and may inform whether the low 

expresser subgroup could still benefit from these targeted therapies. However, our 

results failed to demonstrate that miR-31-3p expression could identify a subgroup of 

patients with right-sided RAS wt mCRC who might benefit from anti-EGFR. Even if 

OS was significantly longer in low vs high miR-31-3p expressers who received 

CT+anti-EGFR, survival was never higher with an anti-EGFR than with Beva in low 

expressers and even tended to be better with Beva, regardless of miR-31-3p 

expression, with a statistically longer median PFS in high expressers. These results 

are consistent with those previously reported by Laurent-Puig et al. from the FIRE-3 

trial, who found that OS was improved in low expresser patients treated with 

FOLFIRI+Cetux compared to those treated with FOLFIRI+Beva, except for patients 

with right-sided tumors [16]. Moreover, FOLFIRI+Beva was associated with a longer 

but not significantly different PFS compared to FOLFIRI+Cetux in the overall 
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population comprising left- and right-sided mCRC patients [16]. In this trial, patients 

were selected and received FOLFIRI in combination with Cetux or Beva. Our study 

led to the same conclusions in “real life” in unselected patients who received either 

Cetux or Pani as anti-EGFR therapy and various associated backbone 

chemotherapies (oxaliplatin and/or irinotecan-based regimens), reflecting all first-line 

therapeutic practices. Taken together, these data suggest that an anti-EGFR should 

not be recommended in first-line treatment of right-sided RAS wt mCRC patients. 

It should however be noted that the ORR of low miR-31-3p expressers treated 

with CT+anti-EGFR was the best ORR observed in our study. This could mean that 

in patients with right-sided RAS wt mCRC, miR-31-3p expression might identify 

patients who could benefit from anti-EGFR therapy when the objective is to obtain the 

best tumor response, as is the case in patients with potentially resectable or 

symptomatic metastases. Nevertheless, this hypothesis needs to be confirmed in a 

study with larger population. Furthermore, it should be kept in mind that an 

intensification of the chemotherapy backbone with a combination of 5-FU, oxaliplatin 

and irinotecan (FOLFOXIRI or FOLFIRINOX), with or without a targeted therapy, is 

also a therapeutic option associated with high response rates and must be 

considered in patients who can receive it [29–31]. These considerations do not 

concern patients with a tumor harboring a deficient MMR status (more frequently 

found in right-sided colon cancer) for whom immunotherapy has been proven to be 

superior to standard chemotherapy [32]. 

We found a good concordance of miR-31-3p expression status (low or high) 

between the primary tumor and corresponding metastases in the 16 patients with 

paired samples analyzed. Data on this concordance and the impact of CT and/or 

anti-EGFR therapy on miR-31-3p levels are discordant in the literature [28,33]. Our 
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results are concordant with a study performed in chemorefractory mCRC patients 

treated with Cetux as a single agent, where a good correlation of miR-31-3p 

expression (evaluated before Cetux administration) was found between primary 

tumors and metastasis [33]. In this study, the authors also compared miR-31-3p 

expression levels in sequential metastatic tissue biopsies collected before, during 

and after cetux administration and found no changes in miR-31-3p scoring. This 

would mean that sampling from either the primary tumor or a metastasis could be 

used to determine miR-31-3p expression level. 

MiR-31-3p expression level and cutoff value determination has been well 

described in a previous study and has proven to be a reproducible and simple clinical 

test [21, 23]. While miR-31-3p levels have been mostly determined by qPCR on 

tumor material until now, new quantification techniques have recently been 

developed. A recent study [33] described the use of in situ hybridization for miR-31-

3p quantification and revealed that the results of this technique were well correlated 

with qPCR results. Measurement of circulating tumor DNA is another promising 

technique for the quantification of biomarkers predictive of response to treatment. 

This method has been developed for RAS and BRAF status in mCRC and is still 

under development for miR-31-3p expression [34,35]. 

Our study has some limitations. First, its retrospective design, which explains 

the differences in characteristics between patients treated with CT+anti-EGFR and 

those treated with CT+Beva, should make us take the results with caution. However, 

while patients treated with CT+Beva more often had a primary tumor resection and a 

CT triplet, they also more frequently had ≥ 2 metastatic sites, which may have 

counterbalanced the former two favorable parameters. Second, the conclusions may 

have been partially influenced by different care depending on the centers, and the 
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distribution between CT + anti-EGFR and CT + Beva in each center was not similar 

as it depends on various factors, such as resectability of the metastases, the 

disease-related symptoms, patient comorbidities and/or investigator’s choice 

between the two targeted therapies assumed to be equally effective in the first line 

setting at the time of the study, where primary tumor side was not taken into account. 

Third, although this cohort dedicated to RAS wt right mCRC is one of the largest to 

date, the number of patients is limited because right-sided RAS wt mCRC represent 

only 15% to 20% of all mCRC. In addition, we had to exclude all patients who did not 

receive targeted therapy as first-line therapy and all those for whom the samples 

could not be analyzed for miR-31-3p expression. The small sample size may have 

limited the power of our results. 

 

 

5. Conclusion 

 

In conclusion, the poor prognosis of RAS wt right-sided mCRC observed in our 

study is concordant with the literature. We found a strong correlation between high 

miR-31-3p expression and the presence of the BRAF V600E mutation. Our results 

failed to demonstrate that miR-31-3p expression could identify a subgroup of patients 

with right-sided RAS wt mCRC who might benefit from anti-EGFR and suggest that 

Beva should be the targeted therapy of choice in first-line treatment of these patients, 

regardless of miR-31-3p expression level.  

 

Acknowledgments: We particularly thank Integragen SA, Evry, France, for its 

support in generously supplying the miRpredX-31-3p® kits. We thank Pascale 

                  



19 

 

Bellaud and Roselyne Viel from H2P2 (Rennes 1 University) for their valuable 

collaboration. We thank Dr Alain Bargain (Bargain laboratory), Dr Anne-Sophie 

Lajarte-Thirouard (Ouest-Pathologie laboratory) and Nantes Hospital University 

tumorothèque for their collaboration in supplying tumor material of participating 

centers. 

 

Author Contributions (according to CRediT taxonomy): 

Conceptualization: A Lièvre, MD Galibert 

Methodology: A Lièvre, A Lespagnol, M De Tayrac, MD Galibert, S Corre, E. 

Boisteau 

Software: R statistical environment (http://www.R-project.org/) 

Formal analysis: M De Tayrac 

Investigation: E Boisteau, P Artru, D Coupez, J Bennouna, R Coriat, L 

Bauguion, R Chautard, T Lecomte, D Grasset 

Resources: A Lièvre, MD Galibert, A Lespagnol, S Martin-Lannerée, J Edeline, 

N Rioux-Leclercq, P Artru, P Chalabreysse, PG Poureau, L Doucet, D Coupez, J 

Bennouna, C Bossard, R Coriat, F Beuvon, L Bauguion, F Leclair, R Chautard, 

T Lecomte, S Guyetant, R Desgrippes, D Grasset, H Lhostis, K Bouhier-

Leporrier, F Bibeau 

Data curation: E Boisteau, A. Lespagnol, S Corre, A Perrot, P Artru, D Coupez, 

J Bennouna, R Coriat, L Bauguion, R Chautard, T Lecomte, D Grasset 

Writing – original draft preparation : E Boisteau, A Lièvre, MD Galibert, A. 

Lespagnol, M De Tayrac, S Corre 

Writing – review and editing: A Lièvre, E Boisteau, MD Galibert, J Edeline, R 

Coriat, R Desgrippes, T Lecomte, P Artru, J Bennouna 

                  



20 

 

Visualization: E Boisteau, A Lièvre, MD Galibert, M De Tayrac 

Supervision: A Lièvre, MD Galibert 

Project administration: E Boisteau, A Lespagnol, A Lièvre, MD Galibert 

 

Ethics approval: The study was approved by the Ethics Committee of Rennes 

University Hospital for all participating centers (registration No. 18.37). It obtained the 

authorization of the National Commission for Data Protection and Liberties (CNIL) 

(number 2005096v0). 

Consent to participate: According to French regulations, patients were informed of 

the study and did not express opposition, except one who was excluded from the 

analysis. 

Consent for publication: All authors have read and agreed to the published version 

of the manuscript. 

Data availability: The datasets generated and analyzed during the current study are 

not publicly available due to patients confidentiality and protection of data but are 

available from the corresponding author on reasonable request. 

Conflicts of interests: EB reports nonfinancial support from Merck Serono, MSD, 

Sandoz, Amgen, Pfizer. ALespagnol and AP report nonfinancial support from 

IntegraGen SA. MDT reports nonfinancial support from IntegraGen SA. NRL reports 

lectures for Astra Zeneca, Pfizer and Bristol Myers Squib. SML declares non financial 

support from Integragen SA. PA reports board membership for Roche, Amgen, 

Merck, Pierre Fabre, Servier, and Bayer, with travel funded by Roche, Servier, 

Amgen, and Pierre Fabre. PGP reports grants, personal fees and nonfinancial 

support from Servier, nonfinancial support from Novartis, nonfinancial support from 

Astellas, nonfinancial support from Amgen, nonfinancial support from AbbVie, 

                  



21 

 

personal fees and nonfinancial support from Ipsen, personal fees and nonfinancial 

support from Bayer, and personal fees and nonfinancial support from Sanofi outside 

the submitted work. JB reports personal fees from Roche, Astra-Zeneca, MSD, 

Servier, Bayer, and Bristol Myers Squib. TL reports personal fees from Sanofi 

Genzyme, Merck Serono, Amgen and Servier and nonfinancial support from Amgen 

and Servier. SG declares personal fees from MSD and AstraZeneca and nonfinancial 

support from Roche SA, MSD, AstraZeneca and Bristol Myers Squib. DG reports 

grants from Sanofi Genzyme, Servier, Novartis, Roche. KBLP reports personal fees 

from IPSEN and Novartis and nonfinancial support from IPSEN. FBibeau reports 

personal fees from Bristol Myers Squib, MSD, Astra-Zeneca, Merck, Diaceutics, 

Amgen, and Bayer and nonfinancial support from Bristol Myers Squib and MSD. 

ALièvre reports grants from Bayer, Lilly, and Novartis; personal fees from AAA, 

Amgen, Bayer, HalioDx, Incyte, Ipsen, Mylan, Novartis, Pierre Fabre, Roche, Sanofi 

and Servier; and nonfinancial support from Amgen, Bayer, Boerhinger, Ipsen, Pfizer, 

Pierre Fabre, Roche, Sandoz, Servier and IntegraGen SA. MDG reports board 

membership with AZ, Amgen, Pfizer, and Roche and nonfinancial support from 

IntegraGen SA. PC, LD, DC, CB, RCoriat, FBeuvon, LB, FL, RChautard and RD 

declare no conflicts of interest. 

Funding: This research received no external funding. We thank the Rennes 

University Hospital and the Centre d’Etude des Maladies Digestives de Rennes 

(CEMDR) for their financial support. Anthony Perrot was financially supported by the 

Rennes University Hospital. 

Report guidelines: This study was performed using the REporting recommendations 

for tumor MARKer prognostic studies (REMARK). 

 

                  



22 

 

References 

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 
36 cancers in 185 countries. CA Cancer J Clin 2018;68:394–424. 
https://doi.org/10.3322/caac.21492. 

[2] Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A, et al. 
Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-refractory 
metastatic colorectal cancer. N Engl J Med 2004;351:337–45. 
https://doi.org/10.1056/NEJMoa033025. 

[3] Saltz LB, Meropol NJ, Loehrer PJ, Needle MN, Kopit J, Mayer RJ. Phase II Trial 
of Cetuximab in Patients With Refractory Colorectal Cancer That Expresses the 
Epidermal Growth Factor Receptor. J Clin Oncol 2004;22:1201–8. 
https://doi.org/10.1200/JCO.2004.10.182. 

[4] Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W, et 
al. Bevacizumab plus Irinotecan, Fluorouracil, and Leucovorin for Metastatic 
Colorectal Cancer. N Engl J Med 2004;350:2335–42. 
https://doi.org/10.1056/NEJMoa032691. 

[5] Lièvre A, Bachet J-B, Boige V, Cayre A, Le Corre D, Buc E, et al. KRAS 
mutations as an independent prognostic factor in patients with advanced 
colorectal cancer treated with cetuximab. J Clin Oncol 2008;26:374–9. 
https://doi.org/10.1200/JCO.2007.12.5906. 

[6] Douillard J-Y, Oliner KS, Siena S, Tabernero J, Burkes R, Barugel M, et al. 
Panitumumab–FOLFOX4 Treatment and RAS Mutations in Colorectal Cancer. N 
Engl J Med 2013;369:1023–34. https://doi.org/10.1056/NEJMoa1305275. 

[7] Van Cutsem E, Lenz H-J, Köhne C-H, Heinemann V, Tejpar S, Melezínek I, et al. 
Fluorouracil, Leucovorin, and Irinotecan Plus Cetuximab Treatment and RAS 
Mutations in Colorectal Cancer. J Clin Oncol 2015;33:692–700. 
https://doi.org/10.1200/JCO.2014.59.4812. 

[8] Heinemann V, Weikersthal LF von, Decker T, Kiani A, Vehling-Kaiser U, Al-
Batran S-E, et al. FOLFIRI plus cetuximab versus FOLFIRI plus bevacizumab as 
first-line treatment for patients with metastatic colorectal cancer (FIRE-3): a 
randomised, open-label, phase 3 trial. Lancet Oncol 2014;15:1065–75. 
https://doi.org/10.1016/S1470-2045(14)70330-4. 

[9] Venook AP, Niedzwiecki D, Lenz H-J, Innocenti F, Fruth B, Meyerhardt JA, et al. 
Effect of First-Line Chemotherapy Combined With Cetuximab or Bevacizumab 
on Overall Survival in Patients With KRAS Wild-Type Advanced or Metastatic 
Colorectal Cancer: A Randomized Clinical Trial. JAMA 2017;317:2392–401. 
https://doi.org/10.1001/jama.2017.7105. 

[10] Soriano A, Jubierre L, Almazán-Moga A, Molist C, Roma J, de Toledo JS, et al. 
microRNAs as pharmacological targets in cancer. Pharmacol Res 2013;75:3–14. 
https://doi.org/10.1016/j.phrs.2013.03.006. 

[11] Wang C-J, Stratmann J, Zhou Z-G, Sun X-F. Suppression of microRNA-31 
increases sensitivity to 5-FU at an early stage, and affects cell migration and 
invasion in HCT-116 colon cancer cells. BMC Cancer 2010;10:616. 
https://doi.org/10.1186/1471-2407-10-616. 

[12] Bandrés E, Cubedo E, Agirre X, Malumbres R, Zárate R, Ramirez N, et al. 
Identification by Real-time PCR of 13 mature microRNAs differentially expressed 
in colorectal cancer and non-tumoral tissues. Mol Cancer 2006;5:29. 
https://doi.org/10.1186/1476-4598-5-29. 

                  



23 

 

[13] Manceau G, Imbeaud S, Thiébaut R, Liébaert F, Fontaine K, Rousseau F, et al. 
Hsa-miR-31-3p Expression Is Linked to Progression-free Survival in Patients 
with KRAS Wild-type Metastatic Colorectal Cancer Treated with Anti-EGFR 
Therapy. Clin Cancer Res 2014;20:3338–47. https://doi.org/10.1158/1078-
0432.CCR-13-2750. 

[14] Mlcochova J, Faltejskova-Vychytilova P, Ferracin M, Zagatti B, Radova L, 
Svoboda M, et al. MicroRNA expression profiling identifies miR-31-5p/3p as 
associated with time to progression in wild-type RAS metastatic colorectal 
cancer treated with cetuximab. Oncotarget 2015;6:38695–704. 

[15] Mosakhani N, Lahti L, Borze I, Karjalainen-Lindsberg M-L, Sundström J, 
Ristamäki R, et al. MicroRNA profiling predicts survival in anti-EGFR treated 
chemorefractory metastatic colorectal cancer patients with wild-type KRAS and 
BRAF. Cancer Genet 2012;205:545–51. 
https://doi.org/10.1016/j.cancergen.2012.08.003. 

[16] Laurent-Puig P, Grisoni M-L, Heinemann V, Liebaert F, Neureiter D, Jung A, et 
al. Validation of miR-31-3p Expression to Predict Cetuximab Efficacy When 
Used as First-Line Treatment in RAS Wild-Type Metastatic Colorectal Cancer. 
Clin Cancer Res 2019;25:134–41. https://doi.org/10.1158/1078-0432.CCR-18-
1324. 

[17] Holch JW, Ricard I, Stintzing S, Modest DP, Heinemann V. The relevance of 
primary tumour location in patients with metastatic colorectal cancer: A meta-
analysis of first-line clinical trials. Eur J Cancer 2017;70:87–98. 
https://doi.org/10.1016/j.ejca.2016.10.007. 

[18] Petrelli F, Tomasello G, Borgonovo K, Ghidini M, Turati L, Dallera P, et al. 
Prognostic Survival Associated With Left-Sided vs Right-Sided Colon Cancer: A 
Systematic Review and Meta-analysis. JAMA Oncol 2017;3:211–9. 
https://doi.org/10.1001/jamaoncol.2016.4227. 

[19] Arnold D, Lueza B, Douillard J-Y, Peeters M, Lenz H-J, Venook A, et al. 
Prognostic and predictive value of primary tumour side in patients with RAS wild-
type metastatic colorectal cancer treated with chemotherapy and EGFR directed 
antibodies in six randomized trials†. Ann Oncol 2017;28:1713–29. 
https://doi.org/10.1093/annonc/mdx175. 

[20] McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM. 
Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK). 
JNCI J Natl Cancer Inst 2005;97:1180–4. https://doi.org/10.1093/jnci/dji237. 

[21] Laurent-Puig P, Paget-Bailly S, Vernerey D, Vazart C, Decaulne V, Fontaine K, 
et al. Evaluation of miR 31 3p as a biomarker of prognosis and panitumumab 
benefit in RAS-wt advanced colorectal cancer (aCRC): Analysis of patients (pts) 
from the PICCOLO trial. J Clin Oncol 2015;33:3547–3547. 
https://doi.org/10.1200/jco.2015.33.15_suppl.3547. 

[22] Laurent-Puig P, Grisoni M-L, Heinemann V, Bonnetain F, Fontaine K, Vazart C, 
et al. MiR 31 3p as a predictive biomarker of cetuximab efficacy effect in 
metastatic colorectal cancer (mCRC) patients enrolled in FIRE-3 study. J Clin 
Oncol 2016;34:3516–3516. https://doi.org/10.1200/JCO.2016.34.15_suppl.3516. 

[23] Ramon L, David C, Fontaine K, Lallet E, Marcaillou C, Martin-Lannerée S, et al. 
Technical Validation of a Reverse-Transcription Quantitative Polymerase Chain 
Reaction In Vitro Diagnostic Test for the Determination of MiR-31-3p Expression 
Levels in Formalin-Fixed Paraffin-Embedded Metastatic Colorectal Cancer 
Tumor Specimens. Biomark Insights 2018;13:1177271918763357. 
https://doi.org/10.1177/1177271918763357. 

                  



24 

 

[24] Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. 
New response evaluation criteria in solid tumours: Revised RECIST guideline 
(version 1.1). Eur J Cancer 2009;45:228–47. 
https://doi.org/10.1016/j.ejca.2008.10.026. 

[25] Gallois C, Pernot S, Zaanan A, Taieb J. Colorectal Cancer: Why Does Side 
Matter? Drugs 2018;78:789–98. https://doi.org/10.1007/s40265-018-0921-7. 

[26] NCCN - Evidence-Based Cancer Guidelines, Oncology Drug Compendium, 
Oncology Continuing Medical Education n.d. https://www.nccn.org/ (accessed 
February 17, 2021). 

[27] Nosho K, Igarashi H, Nojima M, Ito M, Maruyama R, Yoshii S, et al. Association 
of microRNA-31 with BRAF mutation, colorectal cancer survival and serrated 
pathway. Carcinogenesis 2014;35:776–83. https://doi.org/10.1093/carcin/bgt374. 

[28] Pugh S, Thiébaut R, Bridgewater J, Grisoni M-L, Moutasim K, Rousseau F, et al. 
Association between miR-31-3p expression and cetuximab efficacy in patients 
with KRAS wild-type metastatic colorectal cancer: a post-hoc analysis of the 
New EPOC trial. Oncotarget 2017;8:93856–66. 
https://doi.org/10.18632/oncotarget.21291. 

[29] Cremolini C, Antoniotti C, Lonardi S, Bergamo F, Cortesi E, Tomasello G, et al. 
Primary tumor sidedness and benefit from FOLFOXIRI plus bevacizumab as 
initial therapy for metastatic colorectal cancer. Retrospective analysis of the 
TRIBE trial by GONO. Ann Oncol 2018;29:1528–34. 
https://doi.org/10.1093/annonc/mdy140. 

[30] Modest DP, Martens UM, Riera-Knorrenschild J, Greeve J, Florschütz A, 
Wessendorf S, et al. FOLFOXIRI Plus Panitumumab As First-Line Treatment of 
RAS Wild-Type Metastatic Colorectal Cancer: The Randomized, Open-Label, 
Phase II VOLFI Study (AIO KRK0109). J Clin Oncol 2019;37:3401–11. 
https://doi.org/10.1200/JCO.19.01340. 

[31] Loupakis F, Cremolini C, Masi G, Lonardi S, Zagonel V, Salvatore L, et al. Initial 
Therapy with FOLFOXIRI and Bevacizumab for Metastatic Colorectal Cancer. N 
Engl J Med 2014;371:1609–18. https://doi.org/10.1056/NEJMoa1403108. 

[32] André T, Shiu K-K, Kim TW, Jensen BV, Jensen LH, Punt C, et al. 
Pembrolizumab in Microsatellite-Instability-High Advanced Colorectal Cancer. N 
Engl J Med 2020;383:2207–18. https://doi.org/10.1056/NEJMoa2017699. 

[33] Anandappa G, Lampis A, Cunningham D, Khan KH, Kouvelakis K, 
Vlachogiannis G, et al. miR-31-3p Expression and Benefit from Anti-EGFR 
Inhibitors in Metastatic Colorectal Cancer Patients Enrolled in the Prospective 
Phase II PROSPECT-C Trial. Clin Cancer Res 2019;25:3830–8. 
https://doi.org/10.1158/1078-0432.CCR-18-3769. 

[34] Thierry AR, El Messaoudi S, Mollevi C, Raoul JL, Guimbaud R, Pezet D, et al. 
Clinical utility of circulating DNA analysis for rapid detection of actionable 
mutations to select metastatic colorectal patients for anti-EGFR treatment. Ann 
Oncol 2017;28:2149–59. https://doi.org/10.1093/annonc/mdx330. 

[35] Khan KH, Cunningham D, Werner B, Vlachogiannis G, Spiteri I, Heide T, et al. 
Longitudinal Liquid Biopsy and Mathematical Modeling of Clonal Evolution 
Forecast Time to Treatment Failure in the PROSPECT-C Phase II Colorectal 
Cancer Clinical Trial. Cancer Discov 2018;8:1270–85. 
https://doi.org/10.1158/2159-8290.CD-17-0891. 

 

 

                  



25 

 

 

 

 

 

  

                  



26 

 

Table 1: Baseline characteristics of patients treated with CT+anti-EGFR or 

CT+bevacizumab 

 Anti-EGFR Bevacizumab 
 

P - value Total 

Number of patients 43 29  72 

Age (median, years) 62.3 64.9  63.5 

Sex, n (%) 
Male 

Female 

  
26 (60.5) 
17 (39.5) 

  
16 (55.2) 
13 (44.8) 

 
0.839 

  
42 (58.3) 
30 (41.7) 

PS at metastasis diagnostic n (%) 
0-1 

2 
Undetermined 

  
36 (83.7) 
5 (11.6) 
2 (4.7) 

  
28 (96.6) 

1 (3.4) 
0 (0.0) 

 
0.392 

  
64 (88.9) 
6 (8.3) 
2 (2.8) 

Primary tumor resection, n (%) 
Yes 
No 

 
35 (81.4) 
8 (18.6) 

  
29 (100) 
0 (0.0) 

  
 0.037 

  
64 (88.9) 
8 (11.1) 

Synchronous metastasis, n (%) 32 (74.4) 16 (55.2) 0.148 48 (66.7) 

Number of metastatic sites, n (%) 
1 

≥ 2 

  
25 (58.1) 
18 (41.9) 

  
9 (31.0) 

20 (69.0) 

 
0.043 

  
34 (47.2) 
38 (52.8) 

Liver metastasis, n (%) 
Yes 
No 

  
22 (51.2) 
21 (48.9) 

  
20 (69) 
9 (31.0) 

 
0.208 

  
42 (58.3) 
30 (41.7) 

Peritoneal metastasis, n (%) 
Yes 
No 

  
25 (58.1) 
18 (41.9) 

  
15 (51.7) 
14 (48.3) 

 
0.767 

  
40 (55.6) 
32 (44.4) 

Metastasis resection, n (%) 
Yes 
No 

  
11 (25.6) 
32 (74.4) 

  
8 (27.6) 

21 (72.4) 

 
1 
 

  
19 (26.4) 
53 (73.6) 

BRAF V600E mutation, n (%) 
Yes 
No 

  
13 (30.2) 
30 (69.8) 

  
13 (44.8) 
16 (55.2) 

 
0.319 

  
26 (36.1) 
46 (63.9) 

MMR status, n (%) 
MSI 

MSS 
N.A 

  
3 (7.0) 

17 (39.5) 
23 (53.5) 

  
6 (20.7) 
6 (20.7) 

17 (58.6) 

 
* 

  
9 (12.5) 
23 (31.9) 
40 (55.6) 

Chemotherapy–targeted therapy 
LV5FU2 

FOLFOX 
FOLFIRI 

FOLFIRINOX 
No cytotoxic chemotherapy 

Cetuximab 
Panitumumab 

0 (0.0) 
24 (55.8) 
18 (41.9) 
0 (0.0) 
1 (2.3) 

22 (51.2) 
21 (48.8) 

  
2 (6.9) 

12 (41.4) 
10 (34.5) 
5 (17.2) 
0 (0.0) 

 
 

 
0.007** 2 (2.8) 

36 (50.0) 
28 (38.9) 
5 (6.9) 
1 (1.4) 

 
 

*: no P-value was calculated because of small effectives 

**: Comparison of groups according to mono-, doublet or triplet CT. 
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Table 2. Correlation between miR-31-3p expression and BRAF V600E mutation 

 BRAF V600E status 

miR-31-3p expression 

level 

BRAF wt  

(n= 46) 

BRAF mutated 

(n= 26) 

 

P < 0.001 

Low (n= 39) 33 6  

High (n= 33) 13 20  

 

Wt= wild-type 
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Table 3. Treatment effect on objective response rate according to miR-31-3p 

expression level 

miR-31-3p expression 

level 

Univariate Odd 

ratio 

Response rates (%, number of patients) 

CT+Anti-EGFR CT+Beva 

Low (n=39) 1.35 [0.29; 6.40] 

P = 0.91 

53.8% (14/26) 46.2% (6/13) 

High (n=31) 1.16 [0.22; 6.14] 

P = 1 

37.5% (6/16) 40% (6/15) 

P = 0.45 

CT= chemotherapy 
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Figures legends: 

Figure 1. Flow chart (CT= chemotherapy, n= number of patients, Beva= 

bevacizumab, CRC= colorectal cancer, TCP= tumor cell percentage) 

 

Figure 2. (A) Progression-free survival (PFS) and (B) overall survival (OS) according 

to miR-31-3p expression in the overall cohort of patients (miR low= low miR-31-3p 

expression, miR high= high miR-31-3p expression, n= number of patients, mo= 

months, HR= hazard ratio, CI= confidence interval, pts= patients) 
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Figure 3. (A) Progression-free survival (PFS) and (B) overall survival (OS) of low 

miR-31-3p expressers according to targeted therapy; (C) PFS and (D) OS in high 

miR-31-3p expressers according to targeted therapy (n= number of patients, mo= 

months, HR= hazard ratio, CI= confidence interval, pts= patients, Beva= 

Bevacizumab) 

 

 

                  


