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BACKGROUND: Recent data suggest that BRAFV600E-mutated metastatic colorectal cancer (mCRC) patients with right-sided
tumours and ECOG-PS= 0 may achieve benefit from the triplet regimen differently than those with left-sided tumours and ECOG-
PS > 0.
METHODS: The predictive impact of primary sidedness and ECOG-PS was evaluated in a large real-life dataset of 296 BRAFV600E-
mutated mCRC patients treated with upfront triplet or doublet ± bevacizumab. Biological differences between right- and left-sided
BRAFV600E-mutated CRCs were further investigated in an independent cohort of 1162 samples.
RESULTS: A significant interaction effect between primary sidedness and treatment intensity was reported in terms of both PFS
(p= 0.010) and OS (p= 0.003), with a beneficial effect of the triplet in the right-sided group and a possible detrimental effect in the
left-sided. No interaction effect was observed between ECOG-PS and chemo-backbone. In the MSS/pMMR population, a consistent
trend for a side-related subgroup effect was observed when FOLFOXIRI ± bevacizumab was compared to oxaliplatin-based doublets
±bevacizumab (p= 0.097 and 0.16 for PFS and OS, respectively). Among MSS/pMMR tumours, the BM1 subtype was more prevalent
in the right-sided group (p= 0.0019, q= 0.0139). No significant differences were observed according to sidedness in the MSI-H/
dMMR population.
CONCLUSIONS: Real-life data support the use of FOLFOXIRI ± bevacizumab only in BRAFV600E-mutated mCRC patients with right-
sided tumours.
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BACKGROUND
BRAFV600E mutation is found in 8–12% of metastatic colorectal
cancers (mCRC) and accounts for more than 95% of BRAF
mutations in mCRC [1]. Its negative prognostic impact is well-
established with a median overall survival (OS) of around
12 months [2, 3]. Given the low percentage of patients able
to receive further therapies after progression to first-line
treatment due to rapidly progressive and highly aggressive

disease, the choice of upfront therapy is of paramount
importance [4, 5].
Current international guidelines consider the intensified regimen

FOLFOXIRI (fluorouracil, oxaliplatin and irinotecan) plus bevacizumab
(bev) to be the preferred first-line option for patients with
BRAFV600E mutant mCRC [6]. This recommendation mainly derives
from a subgroup analysis of the phase III TRIBE study that compared
FOLFOXIRI/bev with FOLFIRI (5-fluorouracil and irinotecan)/bev in
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the first-line setting of mCRC. In particular, among patients with
BRAF mutant disease, the magnitude of the benefit from the triplet
regimen was numerically higher compared with those with RAS
mutant or RAS/BRAF wild-type tumours, even if a formal interaction
effect was not observed [7, 8]. However, the phase III TRIBE2 trial
comparing FOLFOXIRI/bev with FOLFOX (5-fluorouracil and oxali-
platin)/bev and a recent metanalysis of five randomised trials
assessing the role of the triplet/bev with respect to the doublets
(FOLFOX or FOLFIRI)/bev did not confirm these data [9, 10].
Although the reasons for such discordance are unknown, a
subgroup effect according to primary tumour location was
suggested both in the TRIBE2 study and in the above-mentioned
metanalysis where patients with left-sided BRAF mutant tumours
seemed to derive a detrimental effect from treatment intensification
[9–11]. In addition, a recent study exploring clinical and gene
expression markers in BRAF mutant patients enrolled in the
TRIBE2 study, showed a significant interaction effect between the
treatment arm and patients’ Eastern Cooperative Oncology Group
(ECOG) Performance Status (PS) in terms of progression-free survival
(PFS) with a similar trend in OS, with no benefit from the triplet
among those with ECOG-PS 1 [11].
Several studies, mainly focusing on RAS/BRAF wild-type

tumours, showed that the molecular landscape of right- versus
left-sided mCRC is different. Indeed, tumours located in the right
colon have a higher rate of alterations potentially associated with
poor prognosis [12, 13] and with resistance to anti-EGFR
antibodies [14, 15]. It is currently unknown whether relevant
differences exist in the molecular profile of right- versus left-sided
tumours also among BRAFV600E-mutated mCRCs.
Drawing from these retrospective findings, we challenged the

predictive impact of primary tumour location and ECOG-PS in a
large real-life dataset of BRAFV600E mutant mCRC patients treated
with upfront systemic therapies [16]. To further explore genomic
and transcriptomic alterations in BRAFV600E-mutated CRCs
according to primary tumour location, an independent database
of patient tumours with comprehensive molecular profiling [17]
was retrospectively reviewed.

METHODS
Study populations
Consecutive patients with BRAFV600E-mutated mCRC referred to 22
oncology units between January 2005 and December 2016 included in
the “BRAF BeCool” dataset were gathered [16]. Only patients who met the
criteria of potential eligibility for the triplet regimen (aged 18–70 years with
ECOG-PS of 2 or less, aged 71–75 years with an ECOG-PS of 0 and no
previous oxaliplatin-based adjuvant therapy) [18] and received upfront
doublet or triplet ± bev were deemed eligible for the present analysis
(“BRAF-Be-Cool” population).
Tumours located in the cecum and the ascending and in the proximal two-

thirds of the transverse colon were defined as right-sided, whereas those
located in the distal third of the transverse colon, in the splenic flexure,
descending colon, sigma and rectum were defined as left-sided [19].
In addition, a total of 1162 formalin-fixed paraffin-embedded (FFPE)

tumour samples from BRAFV600E-mutated CRC patients were collected at
various institutions in different countries and molecularly profiled by a
commercial CLIA-certified laboratory (Caris Life Sciences, Phoenix, AZ)
(“Comprehensive Genomic Profiling (CGP)” population) [17].

Genome, transcriptome and immunohistochemistry analyses
of the CGP population
Next-generation sequencing (NGS) of DNA (592-gene panel or whole-
exome) and RNA (whole-transcriptome) was performed using material
isolated from FFPE samples [17].
Microsatellite (MS) and mismatch repair system (MMR) status were

assessed with a combination method using immunohistochemistry (IHC),
fragment analysis, and NGS, with the resulting status defined as either
microsatellite instability-high (MSI-H)/mismatch repair deficient (dMMR) or
microsatellite stable (MSS)/ mismatch repair proficient (pMMR), as
previously described [20, 21].

The consensus molecular subtype (CMS) classifier was developed using
RNA sequencing data collected from the WTS platform, as previously
described [22].
Tumour mutational burden (TMB) was measured by counting all non-

synonymous missense, nonsense, inframe insertion/deletion and frame-
shift mutations found per tumour that had not been previously described
as germline alterations in dbSNP151, Genome Aggregation Database
(gnomAD) databases or benign variants identified by Caris geneticists. The
threshold adopted for the definition of TMB-high (TMB-H) was ≥10
mutations per Megabase (Mb) based on the KEYNOTE- 158 trial showing
higher clinical activity with pembrolizumab in patients with a TMB ≥ 10
mutations/Mb across several tumour types than patients with a TMB < 10
mutations/Mb [23]. Caris Life Sciences is a participant in the Friends of
Cancer Research TMB Harmonization Project [24].
PD-L1 expression was tested via IHC using SP142 antibody (Spring

Biosciences). The staining intensity on the tumour cell membrane was
assessed on a semiquantitative scale: 0 for no staining,
1+ for weak staining, 2+ for moderate staining and 3+ for strong

staining. Tumours exhibiting >5% of tumour cells stained as 2+ or 3+ were
considered PD-L1 positive.
The Microenvironment Cell Population-counter (MCP-counter) was used

for quantification of the immune and stromal cell population abundance
using WTS data. Gene expression levels were analysed for each subgroup,
with the fold change in median expression calculated for comparison [25].
Based on a previously published classifier of BRAFV600E mutant tumours

using a 44-gene set signature, a composite score was derived from the
difference in average z-scores of genes associated with BM1 or BM2 subtype
(note: four genes from the original gene set did not correlate with remaining
genes as previously reported and were removed) [26].
Wnt signalling activation was defined as ligand-independent (LI) in case

of APC or CTNNB1 mutations and ligand-dependent (LD) in case of RNF43
mutation or RSPO3 fusion [27].
Homologous recombination deficiency (HRD) was defined as the

presence of one or more pathogenic or presumed pathogenic mutations,
categorised according to the American College of Medical Genetics and
Genomics standards, in any of Homologous Recombination-related genes,
as previously described [28].
In a cohort of 331 BRAFV600E-mutated CRC samples profiled by whole-

exome sequencing (WES), the genomic loss of heterozygosity (LOH),
defined as the percentage of examined genomic segments (max 552) with
an average SNP variant frequency skewed ≥15% from the expected
heterozygous frequency (50%) was assessed. Tumours with a LOH ≥ 16% of
examined segments were regarded as LOH-high, while tumours with a
LOH < 16% as LOH-low [29, 30].

Statistics
Descriptive statistics was used to summarise clinicopathological character-
istics. PFS and OS were defined as the time from the start of first-line
chemotherapy to the first evidence of disease progression or death,
whichever occurred first, and as the time from randomisation to death due
to any cause, respectively. Survival curves were estimated by the
Kaplan–Meier method and compared with the log-rank test. Hazard ratios
(HRs) with 95% confidence intervals (CI) were estimated with a Cox
proportional hazards model. Subgroup analyses according to primary
tumour location and ECOG-PS for PFS and OS were carried out using an
interaction test. Chi-square test, Fisher’s exact test or Mann–Whitney test
were used whenever appropriate to compare clinical and molecular
baseline characteristics between patients treated with triplet and doublet
chemotherapy and between right- and left-sided tumours. The impact of
primary tumour location, ECOG-PS and other prognostic factors on PFS and
OS was firstly assessed in univariate analyses. Significantly prognostic
covariates (p ≤ 0.10) were included in a multivariable Cox proportional
hazard model. The data cut-off for the present analysis was July 13, 2020.
Statistical significance was set at p= 0.05 for a bilateral test. To adjust p-

values for multiple hypothesis testing, the q values were calculated using the
Benjamini–Hochberg method. All analyses were carried out in SAS, version 9.4
(SAS Institute, Inc., Cary, NC) and Python 3.9.7 (Python Software Foundation).

RESULTS
BRAF-Be-Cool population
Of 647 patients included in the “BRAF-Be-Cool” dataset, 296
fulfilled the pre-specified age and ECOG-PS inclusion criteria.
Overall, 124 patients (42%) were treated with triplet ± bev and 172
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(58%) were treated with doublet ± bev (134 oxaliplatin-based and
38 irinotecan-based) (Supplementary Fig. 1). Patients’ character-
istics are listed in Supplementary table 1. As expected, most of the
patients had an ECOG-PS of 0 (73%) and a right-sided primary
tumour (60%). Microsatellite status was available only for 192
(65%) patients with 160 pMMR/MMS (83%) and 32 dMMR/MSI-
H (17%).
No prognostic differences were observed between right- and

left-sided tumours in terms of PFS and OS (Supplementary Fig. 2A
and B).

Among patients with a right-sided primary tumour, those
treated with FOLFOXIRI ± bev had more frequently ECOG-PS= 0
(p= 0.032), a lower median age (p= 0.002) and received a bev-
containing regimen (p < 0.001) compared with patients treated
with doublet ± bev. In the left-sided group, patients treated with
FOLFOXIRI ± bev had more frequently pMMR/MSS (p= 0.0085)
tumours and received a bev-containing regimen (p= 0.0078)
(Table 1).
A significant interaction effect was shown between sidedness

and the chemo-backbone (FOLFOXIRI ± bev versus doublet ± bev)

Table 1. Patients’ characteristics of BRAF-BeCool population based on tumour sidedness.

Right sided N= 179 Left sided and rectum N= 116

Triplet+/−bev
N= 72 n (%)

Doublet+/−bev
N= 107 n (%)

p Triplet+/−bev
N= 52 n (%)

Doublet+/−bev
N= 64 n (%)

p

Age (years) 0.002 0.23

Median 59 64 59 61

Range (min–max) 27–74 28–74 34–74 24–75

Sex 0.84 0.80

Male 30 (42%) 43 (40%) 28 (54%) 36 (56%)

Female 42 (58%) 64 (60%) 24 (46%) 28 (44%)

ECOG-PS 0.032 0.18

0 60 (83%) 74 (69%) 40 (77%) 42 (66%)

1–2 12 (17%) 33 (31%) 12 (23%) 22 (34%)

Microsatellite status 0.32 0.0085

pMMR/MSS 48 (81%) 45 (74%) 43 (100%) 24 (83%)

dMMR/MSI-H 11 (19%) 16 (26%) 0 (0%) 5 (17%)

NA 13 46 9 35

Resected primary tumour 0.69 0.71

Yes 57 (79%) 82 (77%) 35 (67%) 41 (64%)

No 15 (21%) 25 (23%) 17 (33%) 23 (36%)

Liver only disease 0.093 0.49

Yes 22 (31%) 21 (20%) 16 (31%) 16 (25%)

No 50 (69%) 86 (80%) 36 (69%) 48 (75%)

Number of metastatic sites 0.58 0.94

1 38 (53%) 52 (49%) 24 (46%) 30 (47%)

>1 34 (47%) 55 (51%) 28 (54%) 34 (53%)

R0/R1 resection of
metastases

0.20 0.33

Yes 17 (24%) 17 (16%) 7 (13%) 13 (20%)

No 55 (76%) 90 (84%) 45 (87%) 51 (80%)

Time to metastases 0.41 0.20

Synchronous 68 (94%) 96 (90%) 47 (90%) 52 (81%)

Metachronous 4 (6%) 11 (10%) 5 (10%) 12 (19%)

Semplified risk score 0.30 0.68

High 12 (17%) 25 (24%) 9 (17%) 15 (24%)

Intermediate 23 (32%) 37 (36%) 19 (37%) 20 (31%)

Low 37 (51%) 42 (40%) 24 (46%) 29 (45%)

NA – 3 – –

Bevacizumab-based
treatment

<0.001 0.0078

Yes 70 (97%) 72 (67%) 48 (92%) 46 (72%)

No 2 (3%) 35 (33%) 4 (8%) 18 (28%)

Bold values indicate statistical significance p < 0.05.
Simplified score as described by Loupakis et al. [12].
N number, ECOG-PS Eastern Cooperative Oncology Group Performance Status, NA not available, pMMR proficient mismatched repair, MSS microsatellite stable,
dMMR deficient mismatched repair, MSI-H microsatellite instability high.
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in terms of both PFS (p for interaction= 0.010) and OS (p for
interaction= 0.003) with a clear benefit and a possible detrimental
effect from the triplet in right- and left-sided tumours, respectively
(Figs. 1a; 2a and b). These findings were confirmed after excluding
patients treated with irinotecan-containing doublet chemotherapy
(p for interaction of 0.004 and 0.003 for PFS and OS, respectively)
(Figs. 1b; 2a and b). When the population was restricted to the
MSS/pMMR group (N= 160) (Fig. 1c and d; Supplementary Fig. 3),
a similar trend was observed comparing FOLFOXIRI ± bev versus
oxaliplatin-based doublet ± bev (p for interaction of 0.097 and 0.16
for PFS and OS, respectively).
Patients with ECOG-PS 0 reported longer PFS (9.8 versus

5.1 months; HR: 1.73, 95% CI: 1.30–2.29; p < 0.001) and OS (20.6
versus 11.2; HR: 1.90, 95% CI: 1.41–22.57; p < 0.001) compared with
those with ECOG-PS 1 or 2 (Supplementary Fig. 4A and B). In the
multivariable model, the better prognosis for patients with ECOG-
PS= 0 was confirmed in terms of both PFS (p= 0.008) and OS
(p= 0.014) (Supplementary Table 2). No interaction effect was
observed between ECOG-PS and treatments in terms of both PFS
and OS (Fig. 1).
Of note, patients with MSI-H/dMMR tumours (N= 32), showed a

better prognosis than those with MSS/pMMR tumours (N= 160) at
uni- and multi-variate analyses. Seven (22%) of these patients
received checkpoint inhibitors in subsequent lines (Supplemen-
tary Table 2).

CGP population
Of 1162 BRAFV600E mutant patients included in the platform, 165
tumours had an unknown primary location and were excluded
from the analysis. Among the 997 remaining cases, 766 (76.8%)
and 231 (23.1%) were right- and left-sided, respectively. Overall,
392 (39%) and 604 (61%) were MSI-H/dMMR and MSS/pMMR,
respectively, and in 1 tumour microsatellite status was not
available. Right-sided tumours were enriched in MSI-H/dMMR
compared to left-sided tumours (47% vs 15%, p and q < 0.0001)
(Fig. 3).
Considering the different biological characteristics between

MSI-H/dMMR and MSS/pMMR tumours, the analyses were
separately conducted in these two groups.

MSS/pMMR cohort
The most frequently mutated genes (>5%) were TP53, RNF43,
ARID1A, APC, SMAD4, PIK3CA, FBXW7, PTEN and NF1. Among these,
mutations in APC, SMAD4, PTEN and NF1 genes were more
frequent in left-sided tumours, while RNF43 mutation was more
common in right-sided ones (p < 0.05) (Fig. 4a). Amplification and
fusion events were uncommon overall, but higher frequencies of
FGF4 amplifications and RSPO3 fusions were observed in left-sided
tumours (p < 0.05) (Fig. 4b and c).
Patients’ characteristics are summarised in Table 2. Patients with

right-sided tumours were more frequently females (p= 0.018, q=

P value

HR (95% CI)events/N (%)Subgroup
FOLFOXIRI/bev

events/N (%)
Doublets/bev

0.010

0.107

0.003

0.714

0.25 0.5 1 2 3 4

0.57 (0.41, 0.80)

1.15 (0.76, 1.73)

0.86 (0.64, 1.16)

0.59 (0.34, 1.01)

0.68 (0.47, 0.97)

1.58 (1.02, 2.45)

1.07 (0.77, 1.48)

0.93 (0.53, 1.62)

(77.8)

(82.7)

(81.0)

(75.0)

(65.3)

(76.9)

(69.0)

(75.0)

56/72

43/52

81/100

18/24

47/72

40/52

69/100

18/24

(85.0)

(82.8)

(81.9)

(89.3)

(73.8)

(68.8)

(69.0)

(78.6)

91/107

53/64

95/116

50/56

79/107

44/64

80/116

44/56

Progression-free survival

Sidedness

a

ECOG-PS

Overall survival

Sidedness

ECOG-PS

Right

Left

0

1–2

Right

Left

0

1–2

FOLFOXIRI/bev Doublets/bev

P valueHR (95% CI)events/N (%)events/N (%)Subgroup
FOLFOXIRI/bevDoublets/bev

0.255

0.158

0.398

0.672

0.25 0.5 1 2 3 4

0.62 (0.40, 0.96)

0.86 (0.50, 1.50)

0.80 (0.54, 1.17)

0.54 (0.26, 1.10)

0.71 (0.45, 1.13)

1.22 (0.69, 2.14)

0.92 (0.62, 1.39)

1.06 (0.52, 2.18)

(85.4)

(83.7)

(86.3)

(77.8)

(75.0)

(81.4)

(76.7)

(83.3)

41/48

36/43

63/73

14/18

36/48

35/43

56/73

15/18

(93.3)

(83.3)

(86.3)

(100)

(86.7)

(83.3)

(82.4)

(94.4)

42/45

20/24

44/51

18/18

39/45

20/24

42/51

17/18

Progression-free survival

Sidedness

ECOG-PS

Overall survival

Sidedness

ECOG-PS

Right

Left

0

1–2

Right

Left

0

1–2

FOLFOXIRI/bev Doublets/bev

P valueHR (95% CI)events/N (%)events/N (%)Subgroup
FOLFOXIRI/bevOxa-based/bev

0.097

0.335

0.165

0.618

0.25 0.5 1 2 3

0.53 (0.33, 0.85)

0.94 (0.51, 1.73)

0.71 (0.47, 1.07)

0.57 (0.26, 1.24)

0.68 (0.41, 1.12)

1.16 (0.62, 2.17)

0.84 (0.54, 1.31)

1.07 (0.49, 2.34)

(85.4)

(83.7)

(86.3)

(77.8)

(75.0)

(81.4)

(76.7)

(83.3)

41/48

36/43

63/73

14/18

36/48

35/43

56/73

15/18

(94.4)

(88.2)

(90.0)

(100)

(83.3)

(82.4)

(80.0)

(92.3)

34/36

15/17

36/40

13/13

30/36

14/17

32/40

12/13

Progression-free survival

Sidedness

ECOG-PS

Overall survival

Sidedness

ECOG-PS

Right

Left

0

1–2

Right

Left

0

1–2

FOLFOXIRI/bev Oxa-based/bev

P valueHR (95% CI)events/N (%)Subgroup
Oxa-Based/bev

events/N (%)
FOLFOXIRI/bev

0.004

0.201

0.003

0.748

0.25 0.5 1 2 3

0.53 (0.37, 0.77)

1.23 (0.79, 1.92)

0.84 (0.62, 1.16)

0.63 (0.36, 1.12)

0.67 (0.45, 0.98)

1.67 (1.04, 2.68)

1.09 (0.77, 1.54)

0.95 (0.53, 1.69)

(84.7)

(83.7)

(83.7)

(85.7)

(72.9)

(67.3)

(67.4)

(78.6)
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0.067) and older (p and q < 0.0001) compared with those with left-
sided CRCs. TMB-high tumours were uncommon, while PD-L1 was
expressed in the 15% of tumours without any difference
according to sidedness. In addition, no difference in the
distribution of CMS subtypes was observed between right- and
left-sided tumours, with a limited prevalence of the CMS2 subtype
overall.
In left-sided tumours, a trend for higher TOP2A expression,

target of irinotecan, was observed (p= 0.067), which was not
significant after adjustment for multiple hypotheses testing. The
expression of ERCC1 and ERCC2, targets of oxaliplatin, was not
significantly different according to primary location (Supplemen-
tary Fig. 5).
MCP-counter analysis of the tumour microenvironment showed

minimal differences based on sidedness, with an increase of some
immune and stromal cell populations in right-sided CRC that were
not significant after adjustment for multiple hypothesis testing
(Supplementary Fig. 6A).
BM1/BM2 subtypes were equally distributed in left-sided

tumours, whereas right-sided CRC had increased prevalence of
BM1 (53% versus 44%, p= 0.0019, q= 0.0139) (Supplementary
Fig. 7).
Among alterations implicated in the WNT pathway, RNF43

mutation, APC mutation and RPSO3 fusion were strongly mutually
exclusive with each other (p < 0.05). CTNNB1 mutations had a
tendency toward mutual exclusivity with these alterations but
occurred at a very low frequency. Other WNT pathway alterations

(BCL9, AMER1, CTNNA1 and AXIN2 mutations) frequently co-
occurred with RNF43 mutation, but not with APC mutation, and
were mutually exclusive with RSPO3 fusion (Supplementary
Fig. 8A). LD alterations occurred at similar rates in left- and
right-CRC, while LI alterations were numerically higher in left-sided
CRC (32% versus 23%, p= 0.28, q= 0.56). Tumours harbouring
both LD and LI alterations were rare in both left- and right-sided
tumours.
Rates of HRD and LOH-High, as dichotomous variables, were

similar in left- and right-sided CRC, although right-sided tumours
had a higher median LOH (10% versus 8%, p and q < 0.0001).

MSI-H/dMMR cohort
Consistent with the high mutational burden associated with MSI-
H/dMMR tumours, several genes were mutated, but no significant
differences were observed based on sidedness (Supplementary
Fig. 9A). On the other hand, amplification and fusion events were
generally absent (Supplementary Fig. 9B and C).
Patients’ characteristics were listed in Table 2. Overall, 97%, 33%

and 89% of MSI-H/dMMR tumours were TMB-high, PD-L1 positive
and CMS1, respectively. CMS2 subtype was not found. No
significant differences were reported for these molecular char-
acteristics based on sidedness.
In left-sided tumours, a higher expression was observed for

TOP2A (p= 0.0065, q= 0.030) and ERCC1 (p= 0.0049, q= 0.030)
with a trend for ERCC2 (p= 0.087, q= 0.16) compared with right-
sided ones (Supplementary Fig. 5).
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MCP-counter analysis showed minimal differences based on
sidedness with an increase of some immune and stromal cell
populations in right-sided CRC that were not significant after
adjustment for multiple hypothesis testing (Supplementary
Fig. 6B).
Overall, MSI-H/dMMR tumours were enriched in BM2 subtype,

with a higher rate of BM2 in left-sided tumours (74% versus 58%,
p= 0.046, q= 0.17) (Supplementary Fig. 7).
Regarding WNT pathway alterations, APC and RNF43 mutations

were mutually exclusive (p < 0.05). RSPO3 fusion had a tendency
toward mutual exclusivity with other alterations but occurred at a
very low frequency (Supplementary Fig. 8B). LD alterations were
more common overall, with a similar frequency based on sidedness,
while LI alterations were numerically higher in left-sided CRC (17%
versus 8%, p= 0.12, q= 0.32). MSI-H/dMMR tumours harbouring
both alterations were more common than MSS/pMMR ones, with a
similar frequency between right- and left-sided CRC.
HRD was much more prevalent among MSI-H/dMMR tumours

with respect to MSS/pMMR ones, yet no differences based on
sidedness were observed. Median LOH was low in both right- and
left-sided CRC, and LOH-high was identified in only one MSI-H/
dMMR tumour.

DISCUSSION
BRAFV600E-mutated CRCs were initially considered a homoge-
neous entity with distinct clinicopathological, molecular and
prognostic features [2, 3, 5, 31–35]. Conversely, it has been
recently shown that these tumours show heterogeneous char-
acteristics both from a clinical and a molecular perspective. In fact,
the median OS of BRAFV600E-mutated mCRC ranges from 6 to
30 months [16], and at least two distinct molecular subtypes (BM1
and BM2) have been identified [26], as well as two different
mechanisms of Wnt signalling pathway activation (LD and LI) [27].
From a therapeutical point of view, although the combination of

a BRAF inhibitor with an anti-EGFR agent has clearly demonstrated
its efficacy in advanced lines of treatment of mCRC [36, 37] and is
under investigation in the first-line setting, chemotherapy with or
without bevacizumab is currently the standard upfront treatment

[38, 39]. However, the use of the triplet versus doublets of
chemotherapy is still debated, with recent data from the TRIBE2
randomised trial suggesting significant interaction effects between
chemo-intensity and both primary tumour location and ECOG-PS.
Indeed, even if limited by retrospective nature and limited sample
size, a possible detrimental effect of triplet chemotherapy in BRAF-
mutated patients with left-sided primary tumours or an ECOG-PS of
1 was observed [11].
Considering the limitations of these data, we challenged these

findings in a larger real-world population of 296 BRAF-mutated
mCRC patients treated with upfront doublet or triplet ± bev [16].
To mitigate the intrinsic clinical selection bias of this series, only
patients potentially eligible for an intensified regimen according
to their age and ECOG-PS (i.e. aged 18–70 years with ECOG-PS of
2 or less, aged 71–75 years with an ECOG-PS of 0 and no
previous oxaliplatin-based adjuvant therapy) were included [18].
The interaction effect was confirmed for primary tumour
location, but not for ECOG-PS. In particular, patients with
right-sided primary tumours showed a clear benefit from
FOLFOXIRI ± bev, while those with left-sided tumours showed
a possible detrimental effect from the triplet. These findings
were more pronounced when the analysis was restricted to
patients treated with an oxaliplatin-based doublet in the control
arm. Taking into account the association of BRAFV600E mutation
and MSI-H/dMMR status [3, 33], and the new first-line standard,
i.e. the anti-PD1 pembrolizumab, for patients with MSI-H/dMMR
tumours irrespective of BRAF mutation [40], we restricted the
analysis to the subgroup with MSS/pMMR tumours. Although
this analysis was hampered by reduced sample size for the lack
of microsatellite status in about one-third of cases, a similar
trend was observed when comparing the triplet with the
oxaliplatin-based doublet.
In right-sided tumours, the higher prevalence of younger

patients and with ECOG-PS of 0 in the group treated with
FOLFOXIRI ± bev may have contributed to the better outcome
observed in this group. However, considering the lack of any
interaction effect between chemo-intensity and ECOG-PS and the
median age abundantly under 70 years in both groups, this
hypothesis seems unlikely.
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*p<0.05 (raw p -value)
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Table 2. Patients’ characteristics in the CGP population.

Characteristics Overall
population N
= 997 n (%)

MSS/pMMR population N= 604 MSI-H/dMMR population N= 392

Right-sided
N= 409
(68%) n
(%)

Left-sided
N= 195
(32%) n
(%)

p q Right-sided
N= 357
(91%) n
(%)

Left-sided
N= 35
(9%) n (%)

p q

Age N= 997 N= 409 N= 195 N= 357 N= 35

Median 70 68 60 <0.0001a <0.0001a 76 78 0.60a 0.78a

Range 19–90 34–90 25–90 19–90 56–90

Sex N= 997 N= 409 N= 195 N= 357 N= 35

Male 375 (38%) 168 (41%) 100 (51%) 0.018b 0.067b 94 (26%) 12 (34%) 0.31b 0.56b

Female 622 (62%) 241 (59%) 95 (49%) 263 (74%) 23 (66%)

MS/MMR status N= 996 / / / /

MSI-H/dMMR 392 (39%) / / / / / / / /

MSS/pMMR 604 (61%) / / / /

NA 1 / / / /

TMB-high (≥10
mut/Mb)

N= 997 N= 409 N= 195 N= 357 N= 35

Yes 393 (39%) 9 (2%) 1 (1%) 0.13b 0.31b 349 (98%) 34 (97%) 0.82b 0.82b

No 604 (61%) 400 (98%) 194 (99%) 8 (2%) 1 (3%)

TMB (mut/Mb) N= 997 N= 409 N= 195 N= 357 N= 35

Median 6.5 5 4 0.15a 0.34a 39 34 0.33a 0.56a

Range 0–179 0–57 1–11 8–179 6–73

PD-L1 N= 955 N= 388 N= 189 N= 343 N= 35

Yes 203 (21%) 54 (14%) 29 (15%) 0.65b 0.79b 108 (31%) 12 (34%) 0.73b 0.80b

No 752 (79%) 334 (86%) 160 (85%) 235 (69%) 23 (66%)

NA 42 21 6 14 –

CMS subtypes N= 964 N= 400 N= 188 N= 343 N= 33

CMS1 584 (61%) 177 (44%) 80 (43%) 0.50b 0.69b 297(87%) 30 (91%) 0.76b 0.80b

CMS2 11 (1%) 6 (1%) 5 (3%) 0 (0%) 0 (%)

CMS3 145 (15%) 74 (19%) 42 (22%) 27 (8%) 2 (6%)

CMS4 224 (23%) 143 (36%) 61 (32%) 19 (5%) 1 (3%)

NA 33 9 7 14 2

BM subtypes N= 996 N= 409 N= 195 N= 357 N= 35

BM1 385 (39%) 215 (53%) 85 (44%) 0.0019b 0.0139b 82 (23%) 3 (9%) 0.046b 0.17b

BM2 436 (44%) 119 (29%) 85 (44%) 206 (58%) 26 (74%)

Unclear 175 (17%) 75 (18%) 25 (12%) 69 (19%) 6 (17%)

NA 1 – – – –

WNT pathway N= 994 N= 407 N= 194 N= 357 N= 35

LD 477 (48%) 128 (31%) 69 (36%) 0.28b 0.56b 256 (72%) 24 (69%) 0.12b 0.32b

LI 191 (19%) 92 (23%) 63 (32%) 30 (8%) 6 (17%)

Both 55 (6%) 3 (1%) 0 (0%) 48 (14%) 4 (11%)

Neither 271 (27%) 184 (45%) 62 (32%) 23 (6%) 1 (3%)

NA 3 2 1 – –

HD pathway N= 997 N= 409 N= 195 N= 357 N= 35

HRD 390 (39%) 58 (14%) 19 (10%) 0.13b 0.31b 283 (79%) 30 (86%) 0.36b 0.57b

HDP 607 (61%) 351 (86%) 176 (90%) 74 (21%) 5 (14%)

LOH N= 330 N= 131 N= 58 N= 128 N= 12

High (≥16%) 40 (12%) 29 (22%) 10 (17%) 0.44b 0.65b 1 (1%) 0 (0%) 0.76b 0.80b

Low (<16%) 290 (88%) 102 (78%) 48 (83%) 127 (99%) 12 (100%)

NA 667 278 137 229 23

LOH N= 330 N= 131 N= 58 N= 128 N= 12

Median 6% 10% 8% <0.0001a <0.0001a 3% 3.5% 0.0046a 0.023a

Range 0–33% 0–33% 2–22% 0–15% 1–14%

Bold values indicate statistical significance p < 0.05.
NA not available, N number, mut mutation, MS microsatellite, MMR mismatch repair, MSI-H microsatellite instability high, dMMR deficient mismatch repair, MSS
microsatellite stable, pMMR proficient mismatch repair, TMB tumour mutational burden, Mb megabase, CMS consensus molecular subtype, BM BRAFV600E
mutant, HD homologous recombination, HRD homologous recombination deficiency, HRP homologous recombination proficiency, LOH loss of heterozigosity.
aMann–Whitney test.
bChi-square test.
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Subsequently, we evaluated whether the different efficacy of
treatments based on primary tumour location was underpinned
by relevant molecular differences using a large dataset of 997
BRAFV600E-mutated CRC samples that underwent comprehensive
molecular profiling. Again, considering the association between
BRAFV600E mutation and MSI-H/dMMR status, the biological
differences between MSI-H/dMMR and MSS/pMMR tumours, and
the higher frequency of MSI-high/dMMR status in the right side of
the colon [41], we separately analysed these two populations.
Overall, a different molecular profile between MSS/pMMR and

MSI-H/dMMR was confirmed in BRAF-mutated tumours, as
expected. In the MSI-H/dMMR group, no substantial differences
were observed based on sidedness. On the other hand, a few
differences between right- and left-sided tumours were reported
in the MSS/pMMR group, including both clinical and biological
parameters. The higher expression of TOP2A in left-sided tumours
may cause decreased activity of irinotecan and consequently
lower efficacy of FOLFOXIRI compared with FOLFOX in left- versus
right-sided colon. However, this difference was not statistically
significant after adjustment for multiple hypotheses testing, and
this hypothesis would hardly explain the potential detrimental
effect of treatment intensification in left-sided tumours. In the
right-sided group, the higher representation of BM1 subtypes may
justify the better efficacy of the triplet. Indeed, similar findings
were also reported in the subgroup analysis of BRAF-mutated
patients included in the TRIBE2 study where an interaction effect,
albeit not statistically significant probably due to the small sample
size, was suggested between chemo-intensity and BM subtypes,
with a better outcome for BM1 tumours treated with FOLFOXIRI
and bev [11]. However, the lack of a biological rational supporting
a reduced efficacy of irinotecan in BM2 subtype limits the above
interpretation.
Previous experience reported a differential response to

oxaliplatin and irinotecan based on CMS classification. In
particular, patients with CMS2 tumours achieve a higher response
to oxaliplatin, while CMS4 tumours benefit more from irinotecan
compared to other subtypes [42–44]. However, in our study, no
difference distribution of CMS subtypes was shown between right-
and left-sided tumours in both MSS/pMMR and MSI-H/dMMR
populations.
Overall, the molecular similarity between right- and left-sided

cancers could justify the comparable prognosis found in the BRAF-
Be-Cool cohort, differently from what is reported in the literature
for RAS/BRAF wild-type mCRC [12, 13].
The lack of information about the stage of disease, administered

treatment and survival outcome of patients included in CGP
population prevents us from drawing any predictive or prognostic
conclusions. In particular, both the frequency of gene alterations
and their clinical impact may differ in the early and in the
metastatic disease as already reported for several markers [45–48].
Indeed, the restriction of molecular analyses to mCRC patients
would have made the BRAF-Be-Cool and CGP populations more
clinically similar and would have increased the possibility of
finding molecular differences according to sidedness. Further-
more, the CpG islands methylation phenotype, features associated
with BRAFV600E mutant tumours [49], was not assessed in this
analysis for the lack of methylation profiling.
In conclusion, clinical data suggest a different efficacy of triplet

and doublet chemotherapy based on primary tumour location in
BRAF-mutated mCRC, although in the absence of a clear biological
rationale.
Although considering the high sample size of the BRAF-Be-Cool

cohort and the adoption of clinical criteria to select only patients
potentially eligible for the triplet, the present findings are
exploratory and would require prospective evaluation. Moreover,
results of the ongoing BREAKWATER trial, assessing the combina-
tion of anti-EGFR and anti-BRAF agents alone or with FOLFOX in
first-line will probably change the treatment landscape of

BRAFV600E mutant mCRC, thus making sidedness less relevant
in the future clinical practice. However, waiting for these results
[39], our findings may be useful to refine the choice of the upfront
treatment in the MSS population.
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