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High BRAF variant allele frequencies are associated with distinct
pathological features and responsiveness to target therapy in
melanoma patients
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Background: BRAF mutant melanoma patients are commonly treated with anti-BRAF therapeutic strategies. However,
many factors, including the percentage of BRAF-mutated cells, may contribute to the great variability in patient
outcomes.

Patients and methods: The BRAF variant allele frequency (VAF; defined as the percentage of mutated alleles) of
primary and secondary melanoma lesions, obtained from 327 patients with different disease stages, was assessed
by pyrosequencing. The BRAF mutation rate and VAF were then correlated with melanoma pathological features
and patients’ clinical characteristics. Kaplan—Meier curves were used to study the correlations between BRAF VAF,
overall survival (OS), and progression-free survival (PFS) in a subset of 62 patients treated by anti-BRAF/anti-MEK
therapy after metastatic progression.

Results: A highly heterogeneous BRAF VAF was identified (3%-90%). Besides being correlated with age, a higher BRAF
VAF level was related to moderate lymphocytic infiltration (P = 0.017), to melanoma thickness according to Clark levels,
(level V versus Ill, P = 0.004; level V versus IV, P = 0.04), to lymph node metastases rather than cutaneous (P = 0.04) or
visceral (P = 0.03) secondary lesions. In particular, a BRAF VAF >25% was significantly associated with a favorable
outcome in patients treated with the combination of anti-BRAF/anti-MEK drug (OS P = 0.04; PFS P = 0.019),
retaining a significant value as an independent factor for the OS and the PFS in the multivariate analysis (P = 0.014
and P = 0.003, respectively).

Conclusion: These results definitively support the role of the BRAF VAF as a potential prognostic and predictive
biomarker in melanoma patients in the context of BRAF inhibition.
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INTRODUCTION and death rates." About 50% of patients carry a somatic
mutation of the BRAF gene, which encodes for a serine-
threonine kinase involved in the control of the MAPK
pathway (BRAF/MEK/ERK).” The BRAF p.V60OE (c. 1799T >
A) pathogenic variant is detected in up to 90% of the BRAF-
mutated melanomas along with other rarer variants in the

same codon (p.V600K, p.V600D, p.V600R, and p.V600M) or

Melanoma is the most aggressive cancer among all skin
tumors. The American Cancer Society reported about 100
000 new melanoma cases and 7300 estimated patient
deaths in 2019 with an increasing trend of both incidence
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in the surrounding amino acid residues.® In addition to
BRAF, driver mutations in the NRAS gene have been re-
ported in 15%-25% of cutaneous melanomas.® BRAF and
NRAS mutations are almost always mutually exclusive.”
The molecular profiling of melanomas has become
prominent following the approval of BRAF-mutated selec-
tive inhibitors as single agent™” or in combination with the
BRAF downstream effector MEK inhibitors.® Melanomas
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harboring a BRAF mutation are characterized by more
aggressive clinical features, resulting in shorter patient
survival.”® However, the approval of BRAF-targeting agents
has noticeably improved progression-free survival (PFS) and
overall survival (OS) in melanoma patients. Yet, as for many
other forms of neoplasia,”*" inter-patient heterogeneity
and tumor sub-clonality may influence the response to
treatments and result in variable clinical outcomes in BRAF-
mutated melanomas.™’

We previously reported a sun-exposure-dependent dis-
tribution of the BRAF p.V600E mutation in either nevi or
melanocytic lesions, thus suggesting that this oncogene
variant may not be clonally selected in melanoma pro-
gression.13 The relationship between the BRAF variant allele
frequency (VAF) and the clinical outcome in patients treated
with BRAF inhibitors was evaluated in previous studies with
controversial results.**’ Satzger et al.”® reported that the
allele frequency of the BRAF mutations does not impact on
overall and disease-free survival of melanoma patients
treated with BRAF-targeted therapy, whereas Stagni et al.*’
observed that BRAF VAF is an independent predictor of PFS
in melanoma patients treated with monotherapy or com-
bined anti-BRAF and anti-MEK agents. However, both
studies lacked correlations with the histopathological fea-
tures of the lesions.

In order to assess whether BRAF VAF can affect patho-
logical features, outcome, and treatment responsiveness to
target therapies in melanoma patients, the mutation rate
and the allele frequency of BRAF mutations were correlated
with the clinical-pathological features of a large cohort of
345 primary and secondary melanocytic lesions.

PATIENTS AND METHODS

Patient cohort

Our cohort consisted of 345 melanoma lesions derived from
327 patients consecutively diagnosed at the Candiolo Can-
cer Institute, FPO-IRCCS, between 2010 and 2018. Familial
melanoma was excluded according to their clinical history.
All lesions were clustered into seven subsets according to
their site of origin [trunk, limbs, facial/scalp, acral, ocular,
visceral, and occult primary melanoma (OPM)] and into
three groups according to metastatic spread (lymph nodal,
cutaneous, and visceral). For 208 patients, NRAS mutational
status was also available. Clinical and pathological data for
the total cohort are reported in Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2021.100133
and in Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2021.100133 for the NRAS cohort.
Follow-up data were obtained for 62 patients diagnosed
or progressed to stage IV disease. The BRAF test was
assessed on 18 primary melanomas and 44 metastatic le-
sions. After metastatic progression, patients were treated
with the BRAF inhibitor alone (MONO, n = 21, dabrafenib
or vemurafenib) or with a combination of anti-BRAF and
anti-MEK drugs (COMBO n = 41, dabrafenib plus trametinib
or vemurafenib plus cobimetinib). Tumor assessment was
carried out at baseline by computed tomography (CT) scan
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or magnetic resonance imaging (MRI) scan of the head,
chest, abdomen, and pelvis, and skin lesions were photo-
graphed. Scans were assessed every 8 weeks for a total of
56 weeks and were checked every 12 weeks thereafter until
disease progression or death. Response to treatment was
defined according to RECIST criteria. Considering the best
response to disease, the patients were clustered according
to disease progression (PD), stable disease (SD), and pa-
tients with response, either partial or complete [partial
response (PR) or complete response (CR), respectively]. We
estimated the overall survival from diagnosis (0Sd) as the
time from diagnosis to death or to the last follow-up, the
overall survival from treatment onset (OSt) as the time from
the beginning of therapy to death or last follow-up, and the
PFS, as the interval between the beginning of the therapy to
the time of progression. We also evaluated the lactate de-
hydrogenase (LDH) level in blood at the beginning of the
anti-BRAF therapy and patients were clustered in high LDH
(>450 U/I, 20 patients) and low LDH (<450 U/I, 42 patients)
levels. The cohort diagrams are summarized in
Supplementary Figure S1A and B, available at https://doi.
org/10.1016/j.esmo0p.2021.100133.

Clinical-pathological data were recovered after obtaining
informed consent from all the patients, approved by the
medical ethical committee of the FPO-IRCCS, and carried
out according to the principles of the Declaration of
Helsinki.

Specimens, DNA extraction, and pyrosequencing analysis

DNA was purified from formalin-fixed, paraffin-embedded
(FFPE) tissues. Before extraction, two independent pathol-
ogists reviewed the histological slides and recorded infor-
mation regarding: (i) tumor-infiltrating lymphocytes (TILs)
(absent, non-brisk, and brisk); (ii) Clark I-V levels and Bre-
slow levels corresponding to thickness in mm; (iii) mitotic
index for the primary lesions (number of mitoses/mm?); (iv)
site of metastases (cutaneous, lymph nodal, or visceral); (v)
eligibility for molecular assessment of the BRAF molecular
test (>100 cells and >50% tumoral cells). Tumor areas with
>50% of tumor cells were selected based on hematoxylin—
eosin-stained slides and dissected from four different 6-jim
FFPE sections. DNA was extracted using the QlAamp DNA
FFPE Tissue Kit (Qiagen, Germany) following the manufac-
turer’s protocol. All DNA samples were quantified using
DeNovix Spectrophotometer (Wilmington, DE) and Qubit
fluorometer (ThermoFisher Scientific, Waltham, MA).

The BRAF exon 15 analysis was carried out using the
pyrosequencing method, which permits evaluating both the
type and the allele fraction of the BRAF [Seq ID: Locus
Reference Genomic (LRG) 299; https://www.lrg-sequence.
org/]*° codons 599, 600, 601, and 602."° The assay was
carried out using the Anti-EGFR MoAb response® (BRAF
status) kit (Diatech Pharmacogenetics, Jesi, Italy) following
the manufacturer’s protocol. The same approach was
applied to sequence NRAS [Seq ID: LRG 92; https://www.Irg-
sequence.org/]20 codons 12, 13, 58, 59, 61, 117, and 146
using the Anti-EGFR MoAb response® (NRAS status) kit
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(Diatech Pharmacogenetics, Jesi, Italy). The mutation rate
(MR) was defined as the number of mutated samples in the
population and the VAF as the percentage of the mutated
peak in the BRAF sequence

Statistical analyses

Data were analyzed by using the IBM SPSS Statistics, Version
20.0. (IBM Corp Armonk, NY). The parametric (t-student) or
non-parametric (Mann—Whitney) tests were used to eval-
uate differences in the distribution of the BRAF MR, VAF,
and the different histopathological variables of the mela-
nomas. Pearson’s correlation coefficient was used to define
the relationship between age and BRAF variants whereas
Spearman’s correlation coefficient defined the relationship
between the VAF and the normalized VAF. The chi-squared
test was applied to infer proportions when assessing the
presence of an association between BRAF MR and VAF with
the type of metastasis. The same tests were applied to
evaluate the association between NRAS mutations and pre-
clinical features. For the survival analyses, OS and PFS were
evaluated by the Kaplan—Meier method and analyzed with
the log-rank test. Surviving or disease progression-free pa-
tients were censored at the date of the last follow-up.
Multivariate Cox regression model (backward, conditional)
considering all the clinical-pathological characteristics of the
patients was applied to evaluate the strengths of the VAF
values as OS or PFS independent factors. A P < 0.05 was
considered statistically significant.

RESULTS

BRAF MR/BRAF VAF and clinical data

Our cohort of 327 patients comprised 144 female and 183
male patients, with a mean age of 62 years (range 15-91).
DNA samples were obtained from 141 primary lesions and
204 metastatic specimens. BRAF was mutated in 156/345
(45%) of the analyzed specimens with the BRAF p.V600E
mutation being by far the most represented (89%). The rare
mutations included 11 p.V600K and 6 different substitutions
located between codon 599 and codon 602. BRAF VAF data
followed a normal distribution with mean and median
values of 33% and 31%, respectively (range 3%-90%).
Considering only the BRAF p.V600E mutated samples, the
mean and the median VAF values were both ~30% (range
3.5%-90%). As for the rare mutations, their mean and me-
dian VAF values were higher but not statistically different
(34% and 32%, respectively). Details regarding BRAF MR
and VAF for all the mutations are reported in
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2021.100133. Differences were detected in
terms of BRAF VAF distribution considering sex and clinical
stage while an inverse correlation of the MR and the VAF
was found (r Pearson = —0.96, P = 0.035, Supplementary
Figure S2A, available at https://doi.org/10.1016/].
esmoo0p.2021.100133) clustering the mutated patients
into four age-based quartile groups (group 1: <51 years;

group 2: 51-64 years; group 3: 65-74 years; group 4: >74
years) (Supplementary Figure S2B, available at https://doi.
org/10.1016/j.esmoop.2021.100133). The metastatic le-
sions showed a slightly higher but not significant median
MR and VAF compared with the primary melanomas (MR:
49% versus 40%; VAF: 34.1% versus 31.3%, P = 0.22).

BRAF MR/BRAF VAF, different melanoma sites and
metastatic spreading

We checked for possible relationships of BRAF MR and
BRAF VAF with the site of primary melanomas and the
metastases (Supplementary Table S1, available at https://
doi.org/10.1016/j.esmo0op.2021.100133). The highest MR
was detected in specimens derived from primary facial/
scalp melanomas (63%). Specimens from trunk and limb
melanomas showed a similar MR (46%), whereas samples
derived from acral and visceral neoplasia had the lowest MR
levels (26% and 18%, respectively). Regarding metastatic
lesions, the highest MR (67%) was found in the subset of
patients with OPM (Figure 1A).

Facial/scalp, limb, and trunk melanomas displayed a
heterogeneous distribution with comparable median VAF
levels while samples from ocular, acral, and OPM lesions
were more homogeneously grouped and exhibited the
median lowest (ocular and acral) and highest (OPM) VAF
value (Figure 1B). Overall, the BRAF VAF of the ocular-
derived cases was statistically different from that of the
other groups.

We also investigated whether the site of the metastatic
spreading was related to a specific pattern of the BRAF MR/
VAF. Cutaneous metastases were more frequently mutated
than lymph node and visceral lesions (P = 0.003 for both)
(Figure 1C). However, lymph node metastases displayed
higher BRAF VAF in comparison with cutaneous and visceral
metastases (P = 0.04 and P = 0.03, respectively)
(Figure 1C).

BRAF MR/BRAF VAF and pathological features of primary
melanomas

In order to investigate the potential effects of the tumor
cellularity on the BRAF VAF, we normalized VAF considering
tumor cellularity defined as the mean cell percentage
calculated on five different sample fields provided by the
detailed histological revision of 120 mutated samples. Tu-
mor cellularity ranged between 55% and 90%. As reported
in Supplementary Figure S3, available at https://doi.org/
10.1016/j.esmoop.2021.100133, Spearman’s correlation
revealed a linear trend between original and normalized
VAF values (r = 0.96), hence implying that VAF values were
not significantly influenced by tumor cell content.

We then assessed possible correlations between BRAF
status and specific features of primary melanomas, such as
TILs, melanoma thickness (Clark’s level and Breslow classi-
fication), and mitotic count.

No differences in MR and VAF were found comparing
TIL negative with TIL positive (brisk + non-brisk)
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Figure 1. BRAF MR and VAF correlations with the primary site of melanomas.

(A) Bar stacked chart of the MR (frequency) for each sample, clustered for the primary site. (B) Box and whisker plot defining the VAF distribution for each primary site;
the absence of visceral samples in the box plot is due to the too low number of mutated patients.” (C) Double Y-axis box and whisker plot for the MR and the VAF (only
for metastatic samples) grouped for the site of the metastasis; on the left Y-axis is reported the BRAF VAF, whereas on the right axis the MR; the MR was defined as the

average MR by the rhombus symbol.

OPM, occult primary melanoma; MR, mutation rate; VAF, variant allele frequency; WT, wild type.

melanomas; however, lesions with a moderate infiltrate
(non-brisk) had a significantly higher VAF compared with
those with severe TIL infiltration (brisk) (P = 0.017)
(Figure 2A).

Regarding tumor thickness, there was a positive associ-
ation between the VAF values and the depth of the lesions,
as defined by the Breslow classification (r = 0.517, P =
0.001). Moreover, Clark V level melanomas showed a sta-
tistically significant higher VAF compared with those of level
Il and IV (P = 0.004 and P = 0.04, respectively) (Figure 2B).
No correlation was observed with the mitotic count of
primary tumors.

BRAF MR/BRAF VAF and NRAS MR/NRAS VAF

NRAS MR and VAF were evaluated by pyrosequencing and
compared with BRAF MR and VAF in 208 lesions of the
cohort. NRAS was mutated in 28 (13.4%) of the analyzed
specimens, whereas 113 (54.4%) showed a BRAF mutation
and 67 (32.2%) were wild type for both genes. Coexisting
mutations were not identified. Most of the NRAS mutations
were detected on the codon 61 (26/28), with a prevalence
of p.Q61R variant (13/28) (Supplementary Table S2, avail-
able at https://doi.org/10.1016/j.esmoop.2021.100133).
NRAS mutations showed higher VAFs than BRAF (P =
0.015), with mean and median values of 42% and 40%,


https://doi.org/10.1016/j.esmoop.2021.100133

E. Berrino et al.

A
P=0.017

60 -
L 404
<

20 A

0 T T T
No til Brisk Non brisk

B P=0.04
P =0.0037
80
60
<
> 404
20
0 T T T
1l \Y Vv

Figure 2. BRAF MR and VAF correlations with both primary and metastatic features.
(A) Box and whisker plot reporting the VAF (only for primary melanoma cases) of the groups defined for the TIL. (B) Box and whisker plot reporting the VAF (only for

primary melanoma cases) of the groups defined by Clark’s level.

MR, mutation rate; VAF, variant allele frequency; TIL, tumor-infiltrating lymphocyte.

respectively (range 11%-80%). Metastatic lesions (11 cases)
had a slightly higher but not significant NRAS VAF compared
with primary melanomas (17 cases) (median VAF: 39.5%
versus 44%, P = 0.41). NRAS MR and VAF were not corre-
lated with the site of primary lesions (10 trunk, 14 limbs, 3
facial, and 1 acral) or the type of metastases (4 cutaneous, 3
lymph node, and 4 visceral). Finally, no association was
evidenced between NRAS VAF and the specific TIL subsets,
whereas thicker lesions, according to Clark levels, displayed
a higher but not significant NRAS VAF (P = 0.077)
(Supplementary Figure S4A—E, available at https://doi.
org/10.1016/j.esmoop.2021.100133).

BRAF MR/BRAF VAF and patient clinical outcomes

Finally, we analyzed the response and the outcome of the
62 patients with available clinical data treated with target
therapy after metastatic progression.

Twelve patients experienced disease progression (PD)
(19%) and 18 SD (29%). Of the 32 patients with response to
treatments, 19 achieved PR and 13 a CR (31% and 21%,
respectively). Overall, the median OSd was 46 months [95%
confidence interval (Cl) 30-60 months] while the median
OSt was 15 months (95% Cl 9-21 months). The median PFS
was 8 months (95% CI 5-11 months). As for the whole
cohort, the BRAF p.V600E mutation represented the most
prevalent variant (90%). In addition, five cases carried the
p.V60OK substitution and one patient exhibited the very
rare p.T599I variant. The mean and the median VAF were
28% and 25%, respectively.

BRAF inhibitor alone (MONO) was given to 21 patients
and the combination of anti-BRAF and anti-MEK inhibitors
(COMBO) to the remaining 41 patients. The ‘baseline’
mutational BRAF profile was assessed before starting the

therapy for all the patients. As expected, the patients
treated with COMBO showed an increased survival rate
(OSt P = 0.007 and PFS P = 0.004) compared with the
MONO therapeutic approach.

In particular, responsive (CR and PR) and SD patients
exhibited significantly higher VAFs compared with the group
with tumor progression (PD) (P = 0.005 and P = 0.041
respectively, Figure 3A and Table 1).

Only patients with low VAF levels did not respond to the
COMBO treatment, whereas patients with the highest VAF
levels were also responders for the MONO treatment (PC/
CR) (Figure 3B, and Table 1)

To estimate the influence of BRAF VAF on patient sur-
vival, we used the cut-off of 25% median VAF to dichoto-
mize cases in low VAF and high VAF. Longer 0OSd, OSt, and
PFS were observed in patients with high VAF (P = 0.046,
P =0.04, and P = 0.019, respectively) (Figure 4A and B and
Supplementary Figure S5A, available at https://doi.org/10.
1016/j.esmoop.2021.100133, Table 1). When patients
were clustered according to VAF values (high versus low)
and type of therapeutic approach (MONO versus COMBO),
the COMBO-treated, high VAF patients showed significantly
longer OSt and PFS compared with the other groups.
However, the survival curves of COMBO-treated/low VAF
patients and MONO-treated/high VAF patients tended to
overlap. The worse OS and PFS rates were observed for
MONO-treated/low VAF patients (Figure 4C and D and
Supplementary Figure S5B available at https://doi.org/10.
1016/j.esmo00p.2021.100133).

BRAF VAF still remained an independent factor for longer
OSt and PFS in multivariate analysis, including the VAF
levels, the stage at diagnosis (I-II, 1ll, IV), the sex, the age at
diagnosis, the type of therapy, and the LDH level. Data of
the analyses are reported in Table 1.
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Figure 3. Patient response to treatment and the VAF distribution.

(A) Box and whisker plot defining the BRAF VAF in the followed-up cohort grouped for the best response rate. The thick line represents the average value for each group.
(B) Box and whisker plot defining the BRAF VAF in the followed-up cohort clustered for the response rate and for the therapy type; the thick line denotes the average

VAF value for each group.

CR, complete response; PD, progression disease; PR, partial response; SD, stable disease.

DISCUSSION

Based on the improved clinical outcomes achieved by tar-
geted therapies in melanoma patients, the assessment of
BRAF mutational status has been recognized as a funda-
mental diagnostic tool for the choice of treatment. How-
ever, not all patients experience comparable disease control
and survival rate. Using a quantitative method for BRAF
mutation evaluation, we report a detailed analysis of BRAF
mutations from a large cohort of different stage melanoma
patients.

In our cohort, approximately half of the patients carried a
BRAF hotspot mutation. The BRAF mutation prevalence
results are in line with those previously reported.”**?
Heinzerling and colleagues observed a BRAF MR of
~45%, using pyrosequencing to assess BRAF status in 187
melanoma patients.”* However, only a limited number of
studies have been focused on the BRAF VAF.'*'" In our
analyses, the VAF of BRAF mutations followed a Gaussian
distribution, with the average and the median level at 33%
and 30%, respectively. Similarly, a previous report regarding
a detailed BRAF analysis of lesions with >80% of tumor cells
described a wide heterogeneity of VAF, ranging between
10% and 90%.%° Stagni and co-workers applying a correction
for the copy number variation of the BRAF locus on lesions
with >80% of tumor cells reported a BRAF VAF of ~54%."°
This frequency, which is higher compared with our findings,
can possibly be explained by the smaller cohort they
analyzed (42 patients) and the larger number of high-grade
melanomas.

The age of melanoma onset correlated with specific
features of BRAF mutations. The MR was higher in tumors
of younger patients, whereas older patients showed

increased VAF levels. The documented correlation of sun-
exposed body regions with the BRAF mutation incidence®®
and VAF™® suggests a lifetime of ultraviolet rays exposure
in elderly patients. Ultraviolet incidence may also explain
the different body distribution of the BRAF VAF of mela-
nomas. As a matter of fact, lesions with primary location in
the trunk, limbs, and face/scalp showed a higher level of
BRAF VAF compared with those with ocular and acral origin.
The rarity of the BRAF mutation in ocular’’ and acral mel-
anomas”® can further support this difference. We also found
a high BRAF MR and VAF in melanomas derived from un-
known primary lesions. Gos et al. evidenced that the high
incidence of BRAF and NRAS mutations, in the absence of
KIT alterations, suggested a cutaneous origin from sun-
damaged skin.”®

We demonstrated a highly heterogeneous distribution of
the BRAF mutations in the different metastatic subsets.
Although the cutaneous secondary lesions were the most
frequently mutated, the lymph node metastases displayed
the highest BRAF VAF, thus supporting different pathways
of anatomic and/or biological selections on BRAF-mutated
cells. Accordingly, Adler et al. reported the lymph nodes as
the main site of secondary lesions of BRAF-mutated primary
melanomas.®® In visceral metastases, we found a reduced
MR in agreement with other studies®® and VAF was not
directly correlated with that of the primary site.>*

Only limited data report the correlation between BRAF
mutations and TIL infiltration. We showed a higher VAF in
the non-brisk melanoma compared with the brisk lesions.**
A statistical association between the presence of TILs and
the BRAF mutation has been previously reported.** Simi-
larly, half of primary BRAF-mutated melanomas fell into the
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Table 1. Univariate and multivariate analyses

0S diagnosis (0Sd)

Median months (95% Cl)

Univariate analysis

Multivariate analysis

HR (95% Cl) P HR (95% Cl) P
Sex
Female 66 (41.08-90.91) 1 1
Male 40 (31.94-48.01) 1.28 (0.70-2.22) 0.40 1.10 (0.71-2.29) 0.50
BRAF VAF
HIGH 68 (35.45-100.66) 1 1
LOW 40 (33.51-46.80) 1.88 (0.99-3.29) 0.046 1.55 (0.85-2.85) 0.15
Therapy
COMBO 52 (28.65-75.35) 1 1
MONO 45 (33.78-56.22) 1.46 (0.80-2.66) 0.20 1.40 (0.72-2.70) 0.32
Stage
111 75 (56.85-93.15) 1 1
i 40 (36.70-43.3) 1.43 (0.71-2.86) 0.26 1.47 (0.75-2.90) 0.23
\% 16 (5.35-33.53) 4.77 (1.30-17.51) 0.001 5.10 (2.19-11.78) 0.0001
LDH
High 15 (37.03-94.97) 1 1
Low 8 (11.66-42.33) 0.15 (0.06-0.34) 0.001 0.21 (0.09-0.435) 0.0001
Therapy + VAF
MONO low VAF 40 (24.50-55.49) 1
MONO high VAF 45 (5.36-108.85) 1.54 (0.62-3.77) 0.30
COMBO low VAF 39 (30.68-47.316) 1.18 (0.51-2.681) 0.69
COMBO high VAF 77 (33.68-120.37) 2.22 (0.90-5.63) 0.045
0S from treatment onset (OSt)
Median months (95% Cl) Univariate analysis Multivariate analysis
HR (95% Cl) P HR (95% Cl) P
Sex
Female 19 (7.41-30.6) 1 1
Male 13 (7.42-18.6) 1.26 (0.72-2.22) 0.70 1.062 (0.592-1.90) 0.85
BRAF VAF
HIGH 21 (5.28-36.71) 1 1
LOW 10 (7.40-12.59) 1.89 (1.01-3.47) 0.024 2.14 (1.168-3.93) 0.014
Therapy
COMBO 21 (7.23-34.77) 1
MONO 10 (7.04-12.69) 2.39 (1.20-4.71) 0.007 3.04 (1.59-5.81) 0.001
Stage
111 26 (7.64-44.36) 1 1
1] 16 (8.22-23.78) 1.33 (0.69-2.56) 0.38 1.01 (0.442-1.76) 0.72
v 7 (6.08-11.92) 2.30 (0.96-6.14) 0.03 1.94 (0.91-3.77) 0.045
LDH
High 21 (11.02-30.98) 1 1
Low 6 (1.62-10.38) 0.11 (0.04-0.23) <0.0001 0.25 (0.13-0.48) 0.0001
Therapy + VAF
MONO low VAF 9 (6.93-11.06) 1
MONO high VAF 12 (3.90-20.09) 1.74 (0.70-4.32) 0.17
COMBO low VAF 12 (9.22-14.77) 2.09 (0.84-5.24) 0.06
COMBO high VAF 34 (8.83-21.17) 3.55 (1.21-10.33) 0.0006
PFS diagnosis
Median months (95% Cl) Univariate analysis Multivariate analysis
HR (95% Cl) P HR (95% CI) P
Sex
Female 9 (3.53-14.47) 1 1
Male 8 (3.78-12.21) 1.01 (0.56-1.78) 0.74 1.12 (0.63-2.00) 0.70
BRAF VAF
HIGH 16 (4.6-30.80) 1 1
LOW 7 (5.11-8.91) 2.00 (1.09-3.66) 0.019 2.79 (1.35-4.58) 0.001
Therapy
COMBO 13 (4.37-21.63) 1 1
MONO 5 (3.52-6.48) 2.158 (1.10-4.21) 0.004 2.92 (1.56-5.74) 0.006
Stage
111 12 (4.57-19.43) 1 1
1] 8 (1.88-14.12) 1.15 (0.60-2.18) 0.64 1.01 (0.39-1.81) 0.87
v 6 (5.07-10.92) 1.99 (0.66-3.4) 0.038 1.59 (0.60-2.96) 0.24

Continued
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Table 1. Continued

PFS diagnosis

Median months (95% Cl)

Univariate analysis

Multivariate analysis

MONO high VAF
COMBO low VAF 10 (3.18-16.24)
COMBO high VAF 26 (10.54-41.46)

9 (3.85-16.55)

3.05 (1.10-8.43)
4.38 (1.37-13.97)
5.10 (1.48-17.42)

HR (95% Cl) P HR (95% Cl) P
LDH
High 12 (2.703-21.297) 1 1
Low 6 (4.998-7.002) 0. 0.004 0.41 (0.22-0.77) 0.0001
Therapy + VAF
MONO low VAF 3 (1.48-4.51) 1

0.0037
0.0001
0.0001

P < 0.05 (in bold) are considered significant.

Cl, confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall survival; VAF, variant allele frequency.
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Figure 4. Survival data and the BRAF VAF.

(A) OSt survival curve for low and high VAF patients (cut-off 25%). High VAF curve shows a statistically higher survival compared with low VAF curve. (B) PFS survival
curve for low and high VAF patients (cut-off 25%). High VAF curve indicates a statistically higher time to progression compared with the low VAF curve. (C) OSt survival
curve for low VAF (<25%), high VAF (>25%), MONO- and COMBO-treated patients; high VAF-COMBO curve shows a statistically higher survival compared with the low
VAF-COMBO curve, high VAF-COMBO dotted curve, and low VAF-MONO dotted curve. (D) PFS survival curve for low VAF (<25%), high VAF (>25%), MONO- and
COMBO-treated patients. High VAF-COMBO solid curve shows a statistically higher survival compared with the low VAF-COMBO solid curve, high VAF-COMBO dotted

curve, and low VAF-MONO dotted curve.

CR, complete response; Cum survival, cumulative survival; OSt, overall survival treatment onset; PFS, progression-free survival; PR, partial response; SD, stable disease;

VAF, variant allele frequency.
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non-brisk phenotype and ~30% into the brisk group.®
Although the significance of TILs in primary melanomas is
still debated, in vitro data have shown the importance of
the immunomodulation associated with the BRAF-targeted
therapy.>®> Immunotherapy agents allow for durable re-
sponses only in a limited fraction of patients; therefore the
combination with BRAF-targeted inhibitors can be a suc-
cessful approach. Results from the IMspire150 trial showed
a substantial increase of PFS in patients treated with com-
bined anti-BRAF, anti-MEK, and atezolizumab immune
checkpoint therapy, even if with inter-patient heterogene-
ity.® Therefore, studying VAF and TILs could be of interest
when selecting patients for therapeutic options, including
immunotherapies.

Tumor thickness, evaluated as a continuous variable with
the Breslow depth or as a discrete class using the Clark
level, was reported as a clear negative prognostic factor for
melanoma patients.***” However, no correlation between
the BRAF MR and melanoma thickness has been previously
described.*®**° Here we showed that thicker melanomas
carry a higher BRAF VAF.

As shown earlier,*® no coexisting BRAF and NRAS acti-
vating mutations were detected in our cohort. Moreover, in
line with a previous report,® the NRAS VAF values were
generally higher than those of BRAF, but did not correlate
with sites of primary lesions, type of metastatic spreading,
and lymphocytic infiltration. This evidence demonstrates
that BRAF and NRAS mutations act differently and inde-
pendently in melanoma progression.

With respect to the correlation with BRAF VAF and clin-
ical outcomes, our findings agree with some of the previ-
ously reported data. Stagni and colleagues™® showed a
strong correlation of BRAF VAF with PFS, but not with the
response rate. Lebbe et al.'® found that the BRAF p.V600E
mutation was able to predict responses to vemurafenib
treatment in metastatic melanomas. However, Mesbah
Ardakani and co-workers, studying only 33 metastatic pa-
tients treated with BRAF inhibitors, proved that OS and PFS
were independent of the BRAF VAF.'” Similarly, no differ-
ences between low and high VAF patients were reported by
Satzger and colleagues, who scored 75 melanomas using a
BRAF VAF cut-off of 18%."*

In our experience, analyzing 62 metastatic patients with
available follow-up data and using the median level of BRAF
VAF (25%), we demonstrated that a lower BRAF VAF iden-
tified patients with a faster progression and a lower
response rate. Patients with high VAF showed prolonged
PFS and OSt in multivariate analyses, proving that BRAF VAF
can be used to select patients who might benefit from anti-
BRAF strategies. The impact of the stage at diagnosis, and
possibly the multiple treatments received during the pa-
tients’ oncological history, led to a lesser VAF effect on the
0Sd in the Cox model. Nevertheless, when patients were
classified according to a composed model (type of therapy
and the BRAF VAF discrete level), high VAF identified pa-
tients with a better outcome for all the survival metrics.
Patients with high BRAF VAF treated with MONO therapy
displayed comparable survival rates compared with low VAF

melanomas treated with the COMBO, suggesting that low
BRAF VAF might induce only partial activation of the
downstream MEK with a consequent reduced responsive-
ness to the COMBO treatment.

Even though our study has produced innovative results,
we are aware they still present some limitations. Mostly,
the strong heterogeneity in the VAF distribution of the
responder group suggests the need for further investigation
to increase the significance of the BRAF VAF as a molecular
marker. Secondly, it is a retrospective study on melanoma
lesions from different origins, which is a confounding factor
that we aimed to reduce by applying the Cox multivariate
model. Moreover, we were able to obtain follow-up data for
only 62 patients (40%) of the 153 mutated patients. In
addition, molecular profiling of melanomas carried out by
next-generation sequencing (NGS) has recently demon-
strated that low-frequency pathogenic alterations affecting
genes involved in several cancer-related pathways coexist
differently with BRAF mutations.*>** Thus, we cannot rule
out that any of these rare mutations might modulate the
correlation of BRAF VAF with the clinical and pathological
features of melanomas.

Pyrosequencing represents a well-assessed technique to
evaluate BRAF VAF. Nevertheless, alternative methods
could be validated in the future for a wider clinical appli-
cation of this analysis. Immunohistochemical detection of
BRAF V600E by VE1 antibody could be a fast and cost-
effective approach.”**® However, at present, there are
important limitations due to a lack of VE1 immunostaining
standardization and information concerning the relationship
between BRAF gene quantitative allelic variations and its
protein expression level.

In conclusion, we confirmed the prevalence of BRAF
alterations and we demonstrated that high BRAF VAF was
associated with patient age, melanoma thickness, non-
brisk TILs, and lymph node metastases compared with
the distant ones (cutaneous and visceral). More impor-
tantly, our results strongly demonstrate the significant
prognostic value of high BRAF VAF (>25%) in patients
treated with a combination of anti-BRAF and anti-MEK
treatment.

To corroborate these data, the evaluation of BRAF VAF in
other prospective, independent, and larger cohorts is war-
ranted. However, we envision that along with qualitative
assays, BRAF VAF could be used as a biomarker for the
selection of BRAF-targeting agents.
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