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A B S T R A C T

Purpose
Molecular diagnostic testing has become an integral part of the evaluation of patients with met-
astatic colorectal cancer (CRC). Expanded mutational testing, such as next-generation sequencing
(NGS), often identifies mutations with unclear clinical or prognostic implications. One such example
is BRAF mutations that occur outside of codon 600 (non-V600BRAF mutations).

Methods
We conducted this multicenter, retrospective cohort study to characterize the clinical, pathologic,
and survival implications of non-V600BRAFmutations in metastatic CRC.We pooled patients in whom
non-V600BRAF mutations were identified from NGS databases at three large molecular genetics
reference laboratories.

Results
A total of 9,643 patients with metastatic CRC underwent NGS testing. We identified 208 patients
with non-V600BRAF mutations, which occurred in 2.2% of all patients tested and accounted for 22%
of all BRAFmutations identified. Cancers with non-V600BRAFmutations, compared with cancers with
V600E BRAF (V600EBRAF) mutations, were found in patients whowere significantly younger (58 v 68
years, respectively), fewer female patients (46% v 65%, respectively), and patients who had fewer
high-grade tumors (13% v 64%, respectively) or right-sided primary tumors (36% v 81%, re-
spectively). Median overall survival was significantly longer in patients with non-V600BRAF-mutant
metastatic CRC compared with those with both V600EBRAF-mutant and wild-type BRAF metastatic
CRC (60.7 v 11.4 v 43.0 months, respectively; P , .001). In multivariable analysis, non-V600BRAF
mutation was independently associated with improved overall survival (hazard ratio, 0.18; P, .001).

Conclusion
Non-V600BRAF mutations occur in approximately 2.2% of patients with metastatic CRC and define
a clinically distinct subtype of CRC with an excellent prognosis.

J Clin Oncol 35:2624-2630. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Molecular diagnostics, including testing for ex-
tended RAS (rat sarcoma) and RAF (rapid
accelerated fibrosarcoma) mutations, have be-
come a standard component of the initial work-
up of patients with metastatic colorectal cancer
(CRC). The role of KRAS, NRAS, and, to a lesser
extent, HRAS mutations (collectively referred to
as RASmutations) in development, pathogenesis,
and resistance to epidermal growth factor re-
ceptor (EGFR) antagonists has been well defined
previously.1 There is also emerging evidence of
a similar resistance to EGFR inhibition in patients
with V600E BRAF (V600EBRAF) mutations.2 The

prognostic impact of V600EBRAF mutations in
metastatic CRC is also clear and quite dramatic.
Patients with V600EBRAF-mutant CRC survive, on
average, less than half as long as patients with
BRAF wild-type (WTBRAF) metastatic CRC.3-5

Advances in next-generation sequencing (NGS)
have allowed for more comprehensive testing of
multiplemutational hotspots within various genes of
interest. These expanded mutational analyses helped
to define the nearly 20% of patients who were
originally classified as having KRAS wild-type (WT)
metastatic CRC but were subsequently found to have
exon 3 or 4KRAS orNRASmutations.6 In the case of
these novel RAS mutations, the clinical phenotype
was similar to those originally described in exon 2
KRAS mutations. It is clear that expanded
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mutational information can and should influence clinical practice;
however, for the majority of identified mutations, the clinical, ther-
apeutic, and prognostic implications remain unclear. One such ex-
ample is mutations within the BRAF gene that occur outside of the
600th codon (non-V600BRAF mutations).

From a clinical perspective, nearly all of our current un-
derstanding of BRAF-mutant CRC has been derived from patients
with the V600EBRAF mutation. The only report including clinical
characteristics of patients with non-V600BRAF-mutant CRC de-
scribed only 10 patients with codon 594 and 596 BRAFmutations.7

These patients had markedly different molecular, pathologic, and
clinical features compared with patients who harbored V600EBRAF
mutations. Given the limited sample size and exclusivity to
mutations at codons 594 and 596, it is difficult to draw de-
finitive conclusions with regard to the clinical phenotype of all
non-V600BRAF mutations from this report alone. However, the
implication that not all BRAF mutations have the same dismal
prognosis is of great clinical and biologic interest. In this mul-
ticenter, retrospective cohort study, we aim to further characterize
the clinical characteristics of all non-V600BRAF mutations by
pooling NGS data from three large US reference laboratories.

METHODS

Study Design
After approval by the respective institutional review boards, patients

were identified from three separate NGS databases from the Mayo Clinic
(MC), The University of Texas MD Anderson Cancer Center (MDACC),
and Foundation Medicine (FM). Each database contains mutational and
basic demographic information from all patients with CRC who underwent

NGS at the three reference laboratories between the years of 2013 and 2016.
Patients with non-V600BRAF mutations from all three institutions were
identified and pooled for the primary analysis. Concurrently treated samples
from 133 patients with V600EBRAF-mutant and 249 patients with WTBRAF
metastatic CRC from MC were identified from the same NGS database and
included for comparative analysis. Therefore, the study population consisted
of 208 patients with non-V600BRAF-mutant, 133 patients with V600EBRAF-
mutant, and 249 patients with WTBRAF metastatic CRC (Fig 1). Baseline
demographic information was available for all patients. Clinical follow-up,
histopathologic characteristics, and date of death information were collected
from review of electronic medical records at both academic institutions. In
the case of FM samples, histopathologic and demographic information was
collected from the referral pathology reports. Clinical follow-up and death
data were obtained from referring physicians and cross-referenced with
Social Security Death Index searches for all patients.

NGS Testing Platforms
Pathologic specimens from all patients were submitted for clinically

drivenmutation profile testing at the three reference laboratories. DNAwas
extracted, purified, and quantified from formalin-fixed paraffin-embedded
solid tumor specimens in a standard, clinically validated fashion at all
laboratories. In the case of MC andMDACC samples, the Ampliseq Cancer
Hotspot Panel v2 (Life Technologies, Carlsbad, CA) was used to perform
multiplex polymerase chain reaction analysis containing 205 amplification
reactions from genomic DNA for regions covering the mutation hotspots
in 50 cancer-related genes. FM samples were tested in a Clinical Laboratory
Improvement Amendments–certified laboratory preforming hybrid-
capture–based comprehensive genomic profiling of at least 3,769 exons of
at least 236 cancer-related genes plus 47 introns from 19 genes frequently
rearranged in cancer, as described previously.8

Statistical Analysis
Demographic, clinical, and molecular features were summarized for

all patients and tested for differences according to BRAF status

All patients with metastatic
colorectal cancer who had
NGS-based testing at MC,

FM, or MDACC
(N = 9,643)

non-V600EBRAF-mutant metastatic
colorectal cancer with available

follow-up data
(n = 101)

Patients included

in survival analysis

Sample of patients from MC
with metastatic colorectal

cancer with clinical follow-up
data available

Pooled cohort of all patients with
non-V600BRAF mutations

identified at MC, FM, and
MDACC

Patients included

for clinical

characteristics

non-V600BRAF mutation not identified
(n = 9,435)

non-V600BRAF mutation identified
(n = 208)

All patients included

for prevalence

calculation

WTBRAF metastatic
colorectal cancer with available

follow-up data
(n = 249)

V600EBRAF-mutant metastatic
colorectal cancer with available

follow-up data
(n = 99)

Fig 1. Patient flow diagram. FM, Foundation Medicine; MC, Mayo Clinic; MDACC, The University of Texas MD Anderson Cancer Center; NGS, next-generation
sequencing; WT, wild type.
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(V600EBRAF-mutant CRC v non-V600BRAF-mutant CRC v WTBRAF CRC)
and BRAF mutation type (V600EBRAF-mutant CRC v non-V600BRAF-mu-
tant CRC) using Fisher’s exact tests for categorical variables and analysis of
variance (three groups) or two-sample t tests (two groups) for continuous
variables where approximate normality was satisfied. Otherwise, non-
parametric Kruskal-Wallis tests (three groups) and Wilcoxon rank sum
tests (two groups) were used.

Kaplan-Meier curves for overall survival (OS), defined as the time
from metastatic diagnosis until death as a result of any cause, were plotted
with 95% CIs according to BRAFmutation status, both overall and for MC
patients only. Survival by BRAF status (overall and MC population) was
statistically compared using a log-rank test, with P , .05 indicating sta-
tistical significance. To further quantify the prognostic effects, a Cox
proportional hazards regression model was constructed from all patients
with available outcome and BRAF status, where BRAF status served as a key
covariate. The assumption of proportional hazards was tested using the
method of Grambsch and Therneau.9 Subsequently, an adjusted multi-
variable Cox regression model was constructed, controlling for age, sex,
tumor grade (low-intermediate v high), side of primary tumor (right v
left), RAS mutational status, and presence versus absence of liver, lung,
peritoneal, lymph node, and other metastases. In the adjusted model, any
secondary variables missing for less than 50% of patients were imputed
using multiple imputation with predictive mean matching; variables with
high missing data (eg, microsatellite instability [MSI] status) were not
considered for imputation.10 Also, within the adjusted model, continuous
variables such as patient age were modeled as potentially nonlinear on the
log relative hazard scale using restricted cubic splines.11,12 To investigate
whether the effect of BRAF status on clinical outcome differed by any other
patient features, tests for two-way interactions between BRAF status and
each of the other patient or disease variables were also performed, where an
interaction P , .01 was deemed to indicate statistical significance.

Within the group of patients with non-V600BRAF mutations, survival
differences between those with codon 594 involvement versus involvement
of other codons as well as differences between patients with activated
versus impaired kinase activity were tested using a log-rank test, and where
statistical significance was indicated, Cox proportional hazards modeling
was used to report relative effects. All statistical analyses were performed
using the R statistical programming language (version 3.2.2) from The R
Project for Statistical Computing, with packages “rms” (version 3.3.2) for
imputation and Coxmodeling and “survminer” (version 3.3.2) for survival
plotting.13

RESULTS

Within the pooled cohort, we identified a total of 208 patients with
non-V600BRAF mutations. The specific mutations, as well as their
respective frequencies, are presented in Figure 2. The estimated
overall prevalence of non-V600BRAF mutations in patients with
metastatic CRC who underwent NGS was approximately 2.2%,
which accounted for 21.6% of all BRAF mutations (Table 1).

Clinical Characteristics
As summarized in Table 2, several demographic, clinical, and

pathologic characteristics differed significantly by BRAF status, and
specifically, these differences were most pronounced between
patients with V600EBRAF-mutant versus non-V600BRAF-mutant CRC.
In terms of demographics, patients harboring a non-V600BRAF
mutation, compared with those with V600EBRAF mutations, were
significantly younger (median age, 58 v 68 years, respectively;
P , .001) and less likely to be female (46% v 65%, respectively;
P , .001). In terms of clinical and pathologic characteristics,

patients with non-V600BRAF mutations, compared with patients
with V600EBRAF mutations, were significantly less likely to have
high-grade tumors (13% v 64%, respectively; P , .001) or right-
sided primary tumors (37% v 81%, respectively; P, .001). When
comparing sites of metastatic disease, patients with non-V600BRAF
mutations were less likely than patients with V600EBRAFmutations
to have peritoneal metastases (15% v 59%, respectively; P, .001);
no significant differences in the rates of liver, lung, or nodal
metastases were noted.

Concomitant RAS Mutations and MSI
Patients with non-V600BRAF mutations were more likely to

have concomitant RAS mutations than patients with V600EBRAF
mutations (26% v 2%, respectively; P , .001). Patients with
non-V600BRAF-mutant CRC with concomitant RASmutations were
similar to patients without concomitant RAS mutations for most
demographic, clinical, and pathologic features. Only right-sided
primary tumors were more common in patients with concomitant
RAS mutations compared with those without concomitant RAS
mutations (54% v 31%, respectively; P = .02). Patients with
non-V600BRAF mutations were less likely to have MSI than patients
with V600EBRAF mutations (6% v 30%, respectively; P , .001).

Survival Analysis
Complete follow-up and survival data were available for 101

patients with nonV600BRAF mutations, 99 patients with V600EBRAF
mutations, and 249 patients with WTBRAF tumors. Across all
patients considered, BRAF status was significantly associated with
OS (log-rank P, .001; Fig 3A); significance was maintained within
the set of MC-only patients (P, .001; Fig 3B). Among all patients
with V600EBRAF mutations, median OS time was 11.4 months
(95% CI, 9.4 to 13.5 months). In contrast, patients with
non-V600BRAF mutations had a significantly longer median OS
time of 60.7 months (95% CI, 36.5 to 81.2 months), exceeding the
median OS of 43.0 months among patients with WTBRAF status
(95% CI, 30.7 to 62.0 months; Fig 3). In single-variable Cox
regression modeling, BRAF was significantly prognostic for OS
(P, .001; hazard ratio [HR] for non-V600/V600E, 0.14; 95% CI,
0.09 to 0.22; HR for non-V600/WT, 0.62; 95% CI, 0.40 to 0.95;

93

29
23

16 14
8 6 6

2 2 1 1 1 1 1 1 1 1 1

59
4

46
9

46
6

60
1

58
1

59
7

46
4

47
1

48
6

59
8

44
4

50
3

59
1

59
6

60
2

60
8

60
9

65
6

67
1

Codon Mutated

N
o.

 o
f P

at
ie

nt
s

Fig 2. Non-V600 BRAF codon mutation distribution.

2626 © 2017 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Jones et al



HR for V600E/WT, 4.30; 95% CI, 3.10 to 5.98). In multivariable
analysis adjusting for other covariates potentially associated with
OS (age at diagnosis, sex, histologic grade, primary tumor site,
RAS mutational status, and presence v absence of liver, lung,
nodal, and peritoneal metastases), non-V600BRAF mutations
remained significantly associated with improved OS (HR, 0.18;
95% CI, 0.10 to 0.32; P , .001). No significant two-way in-
teractions involving BRAF status were found; that is, the effect of
BRAF status on OS was not mediated by any other patient,
disease, or mutational characteristics. Median follow-up by BRAF
cohort was as follows: 20.3 months for patients with WTBRAF,
25.9 months for patients non-V600BRAF mutations, and
22.8 months for patients with V600EBRAF mutations. In the
lattermost group, the 27 patients without known death dates were
right-censored (lost to follow-up) before 33.4 months (Fig 3). In
the Cox regression models, the assumption of proportional
hazards was found to be satisfied.

To confirm that OS was not solely influenced by the most
common mutation in our cohort (codon 594, representing 45% of
all non-V600BRAF mutations), we compared survival for patients
with non-V600BRAF mutations at codon 594 with survival for pa-
tients with all other non-V600BRAF mutations and found no sig-
nificant difference in OS between the two groups, conceivably as
a result of low sample size, although OS trended shorter among
patients with non-V600BRAF mutations involving codon 594
(38.5 months for codon 594 v 61.9 months for other non-V600
codons; P = .404).

Finally, we compared OS times for patients with non-V600BRAF
mutations that are known to have increased in vitro basal kinase
activity to those with known impaired kinase activity and those
with unknown kinase activity, as described in Table 3.14-16 There
was no significant difference in OS for patients with activated
versus impaired kinase mutations (median OS, 37.5 v 38.5 months,
respectively; P = .544).

DISCUSSION

In this collaborative effort, we have defined and comprehensively
characterized non-V600BRAF-mutant CRC as a distinct molecular
subset of CRC that has little to no clinical similarity to V600EBRAF-
mutant CRC. By pooling sequencing data from nearly 10,000 pa-
tients, we are able to estimate the overall prevalence of non-V600BRAF
mutations among patients with metastatic CRC in the US pop-
ulation at approximately 2.2%.

We confirmed a number of previously described clinical and
pathologic characteristics of V600EBRAF-mutant CRC such as fe-
male predominance, older age, right-sided primary tumors, pre-
ponderance of high-grade histology and MSI, and frequent
peritoneal spread. All of these findings are in contrast to our
findings in patients with non-V600BRAF mutations.

In terms of survival analyses, we confirmed the poor prognostic
impact of V600EBRAFmutations, with these patients having a median
OS of only 11.4 months in our cohort, which is in keeping with
previous studies in this population.3,5,17 However, we found
a substantially longer median OS of 60.7 months in patients with
non-V600BRAF mutations. These survival estimates exceed not only
the median OS of 43.0 months for WTBRAF patients in our cohort
but also most other contemporary estimates of survival for patients
with metastatic CRC in general.17,18 Of note, Cox proportional
hazards models stratified by institution (ie, allowing for institution-
specific baseline hazard functions) were additionally considered and
were found to produce BRAF effects nearly identical to the pooled
(unstratified) models. For this reason and because MDACC and FM
only contributed survival data for patients with non-V600BRAF
mutations, we present only the pooled analyses for brevity.

There are a number of immediate clinical implications that
can be drawn from our findings. First, we show that NGS-based
testing identifies more than 20% of patients with BRAF mutations
that would otherwise go undiagnosed using V600EBRAF-directed
polymerase chain reaction tests. Thus, we characterized a subgroup
of patients with metastatic CRC who are significantly more
common than previously described. Second, we demonstrated that
non-V600BRAF mutations are distinctly different from V600EBRAF
mutations in terms of clinical characteristics or prognostic impact.
Patients with non-V600BRAFmutations present with a less aggressive
clinical phenotype and are likely to have significantly longer OS. It
is conceivable that patients with non-V600BRAF mutations will not
require the aggressive chemotherapeutic regimens that have
emerged as beneficial in V600EBRAF-mutant tumors, but might
actually require a more measured approach to therapy given their
overall excellent prognosis. Similarly, it is unclear whether CRCs
with non-V600BRAF mutations harbor the same resistance to anti-
EGFR therapy as cancers with V600EBRAF mutations. However,
concomitant RAS mutations, which occur more frequently in
non-V600BRAFmutants, will have to be considered in this scenario.

Although the immediate clinical implications of our findings
are numerous, perhaps the most powerful insights come from
understanding non-V600BRAF mutations as naturally occurring
models of BRAF signaling modulation that seem to escape the

Table 1. Patients Included in Three Databases

Measure MC Database MDACC Database FM Database All Databases

Patients with metastatic CRC included in database, No. 1,014 2,276 6,353 9,643
Patients with any BRAF mutation, No. 162 334 469 965
Patients with non-V600 BRAF mutations, No. 29 53 126 208
Prevalence of any BRAF mutation within tested population, %
(95% CI)

16.0 (13.8 to 18.4) 14.7 (13.3 to 16.2) 7.4 (6.8 to 8.1) 10.0 (9.4 to 10.6)

Prevalence of non-V600 BRAF mutations within tested
population, % (95% CI)

2.9 (2.0 to 4.1) 2.3 (1.8 to 3.1) 2.0 (1.7 to 2.4) 2.2 (1.9 to 2.5)

Abbreviations: CRC, colorectal cancer; FM, Foundation Medicine; MC, Mayo Clinic; MDACC, The University of Texas MD Anderson Cancer Center.
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paradoxical ERK reactivation that inevitably occurs with exoge-
nous BRAF inhibitors. More than 1000 unique BRAF mutations
have been previously described in patients with various
malignancies.19,20 Although these reports have included little
clinical information, attempts have been made to further classify
the in vitro kinase activity and signaling properties of these mu-
tations. One such effort was reported byWan et al,14 who classified
17 non-V600BRAF mutations according to their basal kinase activity
compared with WTBRAF. Surprisingly, they found that even mu-
tations with impaired kinase activity were able to phosphorylate

ERK nearly two-fold more than WTBRAF, but only in the presence
of endogenous CRAF. This finding lead to the discovery that
impaired BRAF mutants, such as those that occur at codon 594,
phosphorylate ERK by a mechanism involving BRAF-CRAF
dimerization.21,22 The structural mechanism of this interaction
was later found to be mediated by a dimerization interface (DIF),
which is required for downstream signaling in both normal RAF
and kinase-impaired RAF mutants.21

Given the reliance on BRAF-CRAF heterodimerization, for
impaired mutants, it seems unlikely that the therapeutic use of

Table 2. Baseline Demographic and Clinical Characteristics According to BRAF Mutation Status

Characteristic

No. of Patients (%)

Test 1 P* Test 2 P†All Patients BRAF V600E BRAF Non-V600 BRAF WT

Total 590 (100) 133 (23) 208 (35) 249 (42)
Mean age, years (range) 61 (25-91) 68 (33-88) 58 (26-83) 60 (25-91) , .001 , .001
Sex , .001 , .001
Male 306 (52) 46 (35) 112 (54) 148 (59)
Female 284 (48) 87 (65) 96 (46) 101 (41)

Tumor grade , .001 , .001
Low-Intermediate 363 (75) 35 (36) 117 (87) 211 (85)
High 118 (25) 62 (64) 18 (13) 38 (15)
Missing 102 36 73 0

Lung metastases , .001 .1333
Yes 133 (27) 11 (12) 29 (20) 86 (35)
No 355 (73) 83 (88) 116 (80) 163 (65)
Missing 102 39 63 0

Liver metastases .0337 .5475
Yes 281 (58) 46 (49) 78 (54) 157 (63)
No 207 (42) 48 (51) 67 (46) 92 (37)
Missing 102 39 63 0

Peritoneal metastases , .001 , .001
Yes 133 (27) 55 (59) 22 (15) 56 (22)
No 355 (73) 39 (41) 123 (85) 193 (78)
Missing 102 39 63 0

LN metastases .3102 1.000
Yes 116 (24) 25 (27) 39 (27) 52 (21)
No 372 (76) 69 (73) 106 (73) 197 (79)
Missing 102 39 63 0

Other metastases .2287 .2523
Yes 85 (17) 22 (23) 24 (17) 39 (16)
No 403 (83) 72 (77) 121 (83) 210 (84)
Missing 102 39 63 0

Tumor side , .001 , .001
Left 295 (60) 19 (19) 92 (63) 184 (74)
Right 198 (40) 80 (81) 53 (37) 65 (26)
Missing 97 34 63 0

RAS status , .001 , .001
MT 179 (31) 3 (2) 51 (26) 125 (50)
WT 396 (69) 130 (98) 142 (74) 124 (50)
Missing 15 0 15 0

MSI status , .001 , .001
Yes 33 (15) 13 (30) 6 (6) 14 (22)
No 181 (85) 31 (70) 99 (94) 51 (78)
Missing 376 89 103 184

Codon NA NA
594 93 (45)
Other 115 (55)
Missing 0

Kinase NA NA
Activated 44 (28)
Impaired 112 (72)
Missing 52

Abbreviations: LN, lymph node; MSI, microsatellite instability; MT, mutant; NA, not available because only collected for non-V600 BRAF MT patients; WT, wild type.
*Test 1 P value: two-sided P value for test of differences in factor means across three levels of BRAF: WT v MT V600E v MT non-V600.
†Test 2 P value: two-sided P value for test of differences in factor means between BRAF V600E MT v BRAF non-V600 MT only.
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selective BRAF inhibitors will offer any significant clinical benefit.
In fact, these inhibitors stabilize a structural confirmation that in-
duces dimerization similar to BRAF codon 594 mutants.23 An ideal
therapy in this case is one that disrupts the BRAF-CRAFDIF. Indeed,
when impaired mutants are cultured with a peptide inhibitor of DIF,
BRAF-CRAF dimerization is halted and RAF-induced ERK signaling
ceases.24 Although this same peptide inhibitor has little effect on

V600EBRAF-mutant cells, perhaps if used in combination with
a potent BRAF kinase inhibitor, one could eliminate paradoxical
ERK activation that inevitably leads to resistance.

A major strength of our study is that we pooled patient data
from three large molecular genetics reference laboratories. Al-
though rare at any single institution, non-V600BRAFmutations make
up more than 20% of all BRAF mutations identified in patients
with metastatic CRC. Pooling data in this manner allowed for more
robust clinical description and survival analyses.

There are a number of limitations of our study. First, our
analysis is limited by the retrospective nature of our cohort. Given
the relative scarcity of non-V600BRAFmutations, it would be difficult
to assemble a cohort of this size in a prospective fashion; none-
theless, there is risk for an inherent selection bias in retrospective
studies such as this study. In defining non-V600BRAF-mutant CRC as
a distinct clinical entity, we hope to inform future clinical trial
development in these patients, similar to that which has been
undertaken for patients with ALK- or ROS1-positive, non–small-
cell lung cancers, which are equally rare. Second, we were limited
by the fact that we did not have complete clinical follow-up and
treatment information available for all patients sampled. In at-
tempts to reduce selection bias toward patients with more follow-
up data, we included all patients with mutational and demographic
data and limited individual analyses to patients with available data
for the characteristic in question, with the exception of adjusted
Cox regression modeling, where imputation was used to address
missing data of secondary variables.

In summary, non-V600BRAF-mutant metastatic CRC represents
a molecular subtype of CRC with excellent prognosis and distinct
clinical and pathologic characteristics. These findings not only have
immediate clinical implications, but also provide valuable insights
into a model of BRAF modulation that could potentially be
exploited to better understand and treat BRAF-mutant cancers.
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Fig 3. Kaplan-Meier estimates of overall survival (OS) according to BRAF mutation status, with simultaneous 95% CIs displayed as shaded regions, for (A) all
institutions and (B) Mayo Clinic only.

Table 3. In Vitro Kinase Activity by Specific Mutation

Mutation No. of Patients

Kinase activity activated 44
K601E 9
G469A 7
G469V 6
L597R 6
K601N 4
G464V 3
N581S 2
L597Q 2
A598V 2
G464E 1
G466A 1
G469E 1

Kinase activity impaired 112
D594G 69
D594N 16
G466V 7
G466R 6
G466E 5
D594E 3
D594H 3
D594V 1
G596R 1
D594Y 1

NOTE. Data adapted.14-16
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