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ABSTRACT

Purpose: BRAF mutation occurs in 8–15% of colon cancers (CC), and is associated with 
poor prognosis in metastatic disease. Compared to wild-type BRAF (BRAFWT) disease, stage 
II/III CC patients with BRAF mutant (BRAFMT) tumors have shorter overall survival after 
relapse; however, time-to-relapse is not significantly different. The aim of this investigation 
was to identify, and validate, novel predictors of relapse of stage II/III BRAFMT CC. 

Experimental design: We used gene expression data from a cohort of 460 patients 
(GSE39582) to perform a supervised classification analysis based on risk-of-relapse within 
BRAFMT stage II/III CC, to identify transcriptomic biomarkers associated with prognosis 
within this genotype. These findings were validated using immunohistochemistry in 
an independent population-based cohort of Stage II/III CC (n = 691), applying Cox 
proportional hazards analysis to determine associations with survival. 

Results: High gene expression levels of Bcl-xL, a key regulator of apoptosis, were 
associated with increased risk of relapse, specifically in BRAFMT tumors (HR = 8.3, 95% 
CI 1.7–41.7), but not KRASMT/BRAFWT or KRASWT/BRAFWT tumors. High Bcl-xL protein 
expression in BRAFMT, untreated, stage II/III CC was confirmed to be associated with 
an increased risk of death in an independent cohort (HR = 12.13, 95% CI 2.49–59.13). 
Additionally, BRAFMT tumors with high levels of Bcl-xL protein expression appeared to 
benefit from adjuvant chemotherapy (P for interaction = 0.006), indicating the potential 
predictive value of Bcl-xL expression in this setting. 

Conclusions: These findings provide evidence that Bcl-xL gene and/or protein 
expression identifies a poor prognostic subgroup of BRAFMT stage II/III CC patients, 
who may benefit from adjuvant chemotherapy. 
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INTRODUCTION

Signaling through the Epidermal Growth Factor 
Receptor (EGFR) pathway is a common event in cancer 
development [1], with activating mutations in KRAS, NRAS 
and BRAF occurring in approximately 50% of colorectal 
cancer (CRC) patients [2]. Results from a phase III trial 
(MRC COIN trial, n = 1630) in metastatic CRC revealed 
that patients with BRAF mutant (BRAFMT) tumors have 
a significantly worse prognosis compared to patients 
with KRAS mutant (KRASMT) tumors or tumors with 
no detectable mutations in KRAS or BRAF (WT/WT) [3]. 
The use of a BRAFMT specific inhibitor, vemurafenib, 
in advanced melanoma, has improved survival rates for 
patients with this activating mutation [4], and underpinned 
the rationale for a phase Ib study employing vemurafenib in 
BRAFMT CRC [5]. Unfortunately, unlike the encouraging 
results observed in BRAFMT melanoma, the inhibitor did 
not benefit BRAFMT CRC patients in the advanced disease 
setting. Mechanistic studies have indicated that resistance 
to vemurafenib in CRC is due to feedback activation of the 
EGFR pathway [6], further highlighting the key role played 
by EGFR signaling in CRC. 

To examine the role of BRAF in the adjuvant 
stage II/III disease setting, Popovici and colleagues 
performed differential gene expression analysis to identify 
transcriptional differences between BRAFMT and BRAFWT/
KRASWT tumors in a cohort of 688 stage II and III colon 
cancer (CC) clinical trial samples (PETACC-3) [7]. Their 
analysis identified the distinct underlying biology of the 
BRAFMT subgroup. Furthermore, the authors generated 
a 64-gene classifier, which stratified the cohort into two 
subgroups. The first subgroup, which accounted for 27% of 
the cohort, displayed a transcriptional signature similar to 
BRAFMT tumors (termed “pred-BRAFm”) and had a worse 
prognosis in terms of overall survival (OS) and survival-
after-relapse compared to the second subgroup, which had a 
signature similar to that of BRAFWT disease (termed “pred-
BRAFwt”). Critically however, while both BRAF mutation 
and the pred-BRAFm signatures could identify subgroups of 
patients with poorer OS after relapse (i.e. when the patient 
had progressed to stage IV metastatic disease), the rates of 
disease relapse in these subgroups were not significantly 
different to BRAFWT and pred-BRAFwt disease.

There is currently a lack of understanding of the 
biology that drives disease relapse specifically within 
stage II/III BRAFMT disease, resolution of which could 
ultimately inform treatment of a clinically-definable 
subgroup of BRAFMT patients, who have the worst 
prognosis when they progress to stage IV, but who still 
may be potentially curable in stage II/III. Therefore, we 
aimed to identify novel predictors of relapse for stage 
II/III BRAFMT CC, employing transcriptomic datasets 
for in silico discovery/initial corroboration, followed by 
subsequent validation of promising lead candidate(s) 
from bioinformatics analyses by immunohistochemistry 

analysis within a large population-based stage II/III 
BRAFMT CC study.

RESULTS

Study outline and rationale for risk stratification 
in BRAFMT CC

We analyzed available transcriptional data from 
the well-characterized dataset, GSE39582, as outlined 
in Supplementary Figure 1. Compared to KRASMT and 
WT/WT patients, BRAFMT patients were significantly 
more likely to be older (p < 0.001), have proximal tumors 
(p < 0.001) that exhibited microsatellite instability (MSI, 
p < 0.001) and to be assigned as Consensus Molecular 
Subtype 1 (CMS1, p < 0.001) (Table 1). Additionally, 
patients with BRAFMT tumors were significantly more 
likely to be female (p = 0.04 and p = 0.001) and to receive 
no adjuvant chemotherapy (p = 0.001 and p = 0.006) 
compared to KRASMT and WT/WT respectively (Table 1). 
Finally, BRAFMT patients were significantly more likely 
to have later stage disease (stage II v III) compared to WT/
WT patients (p = 0.04) (Table 1). Using the 64 gene BRAF 
classifier identified by Popovici et al. [7] we performed 
semi-supervised hierarchical clustering of the gene 
expression profiles of the entire stage II/III patient cohort. 
We identified a subgroup accounting for 28% (n = 127) of 
the tumor profiles using this method of clustering, which 
displayed an expression pattern similar to the pred-BRAFm 
profile (Supplementary Figure 2A). We found no difference 
in relapse rates between the pred-BRAFm and the pred-
BRAFwt populations in this cohort (Supplementary  
Figure 2A; HR = 0.95 (95% CI 0.65–1.39)). 

Gene expression associated with risk of relapse 
in BRAFMT CC

Gene Set enrichment analysis (GSEA) of the 
discovery subset indicated increased myogenesis, 
epithelial-to-mesenchymal transition (EMT) and hypoxia 
pathways in the BRAFMT tumors with the highest-risk of 
disease relapse (Supplementary Figure 2B). Additionally, 
using the Microenvironment Cell Populations-counter 
(MCP), we identified a non-significant trend for increased 
fibroblasts in high-risk BRAFMT tumors (Supplementary 
Figure 2C). Using differential gene expression analysis 
contrasting profiles from high-risk or low-risk BRAFMT 
tumors in the discovery subset (Supplementary Figure 
1), we identified 83 probesets (Supplementary Table 1) 
corresponding to 67 annotated genes that are prognostic 
for relapse risk in BRAFMT tumors; high expression of 
43 genes were associated with increased risk of relapse, 
and high expression of 24 genes with decreased risk of 
relapse (Table 2). Increased expression of endoplasmic 
reticulum stress-induced transcripts such as PPP1R15A 
(GADD34), heat shock proteins HSPA6 and DNAJB1, 
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patient samples from within a Northern Ireland cohort  
(n =  661) (Supplementary Figure 1 and described in 
Methods). Employing tertiles defined by protein expression 
(Figure 2B), we found that Bcl-xLhigh was associated with 
an increased risk of CRC disease-specific survival (DSS; 
n = 77) when compared with Bcl-xLlow, in both unadjusted 
(HR = 3.07 (95% CI 1.24–7.60)) and adjusted models  
(HR = 5.50 (95% CI 1.71–17.69) (Supplementary Figure 
6A and Table 4). Similar findings were evident when using 
OS (n = 92) as the endpoint (Supplementary Figure 6B). 

We next conducted stratified analyses within the 
Northern Ireland cohort to assess independently the 
prognostic value of Bcl-xL protein expression in both 
untreated and chemotherapy-treated BRAFMT patients. 
In untreated patients, we observed a 12-fold increased 
DSS risk in patients with the highest Bcl-xL protein 
expression (adjusted model HR = 12.13 (95% CI 2.49–
59.13)) (Figure  3A), which was not observed in treated 
patients, (adjusted model HR = 0.96 (95% CI 0.08–11.42)) 
(Supplementary Figure 6C and Table 4). This significant 

Figure 2: Optimization of immunohistochemistry staining protocol for Bcl-xL protein expression in CC. (A) Whole-face 
CC tissue sections were used to optimize IHC protocol. A low level of protein expression was observed in the normal glands compared to 
surrounding stroma (Blue box) Elevated levels of expression were observed in neoplastic glands compared to both the normal glands and 
surrounding stroma (Red box). Some staining in the stroma is evident in both normal and cancer-associated regions. (B) Representative 
images of high, medium and low Bcl-xL protein expression by IHC in an independent “Northern Ireland cohort” of stage II/III CRC 
(Northern Ireland cohort; n = 740).
















