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Abstract

Previous studies have shown the clinical benefit of rechallenging the RAF pathway in melanoma patients previously
treated with BRAF inhibitors. 44 patients with multiple tumors harboring RAF alterations were rechallenged with a
second RAF inhibitor, either as monotherapy or in combination with other therapies, after prior therapy with a first
RAF inhibitor. This retrospective observational study results showed that rechallenging with RAFi(s) led to an overall
response rate of 18.1% [PR in thyroid (1 anaplastic; 3 papillary), 1 ovarian, 2 melanoma, 1 cholangiocarcinoma, and

1 anaplastic astrocytomal. The clinical benefit rate was 54.5%; more than 30% of patients had durable responses
with PR and SD lasting >6 months. The median progression-free survival on therapy with second RAF inhibitor in
the rechallenge setting either as monotherapy or combination was shorter at 2.7 months (0.9-30.1 m) compared

to 8.6 months (6.5-11.5 m) with RAF-1i. However, the median PFS with RAF-2i responders (PFS-2) improved at 12.8
months compared to 11.4 months with RAF-1i responders. The median OS from retreatment with RAF-2i was 15.5
months (11.1-30.8 m). Further prospective studies are needed to validate these results and expand targeted therapy
options for RAF-aberrant cancers.
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binding of active GTP-bound RAS to the N-terminal of
CR1 and phosphorylation of CR2 which removes autoin-
hibition with subsequent activation of the catalytic kinase
domain.

Oncogenic BRAF driver alterations, most commonly
the class I V60OE, are present variably across different
cancers but most commonly in cutaneous melanoma
and anaplastic thyroid cancer and a smaller percentage
in colon cancer, non-small cell lung cancers, and several
other tumor types. Other pathogenic alterations such
as amplifications and fusions are less prevalent across
tumors [2]. BRAF alterations are categorized as either
Class 1, which includes V600, and these are activating
RAS-independent monomers; Class II, activating RAS-
independent dimers; And class III, which are active RAS-
dependent alterations [3].

Over the years several BRAF V600 inhibitors (alone or
in combination with MEK inhibitors) have been devel-
oped and have shown objective responses and survival
benefits across several cancers and leading to tumor-
specific, tissue-agnostic, and companion diagnostic FDA
(Food and Drug Administration) approvals [4].

Although it is known that intratumor heterogeneity
can lead to variable responses, however unfortunately,
clonal evolution and development of acquired resistance
mechanisms can occur during treatment which limits the
clinical efficacy of these agents. Mechanisms for acquired
resistance can be diverse such as secondary MAPK muta-
tions, over-expression of tyrosine kinase receptor, activa-
tion of alternative resistance pathways such as PI3K/AKT
(phosphoinositide 3-kinase/Ak strain transforming), or
new alterations in MAPK-independent pathways and
even histological transformation [5]. In melanoma, for
example, resistance to treatment commonly develops due
to mutations in BRAF splice variants and amplifications,
and NRAS (neuroblastoma RAS viral oncogene homolog)
mutations among other mechanisms [6]. Thus, interest
has also grown over the development of the next genera-
tion of therapies targeting BRAF resistance mechanisms
and class II and III alterations to continue to target the
alterations in tumors.

Rechallenging patients with a BRAF inhibitor refers
to retreatment for those who initially experienced clini-
cal benefit to a BRAF treatment but later developed dis-
ease progression especially in the metastatic setting while
being treated with these inhibitors and subsequently
underwent rechallenge with RAF targeting therapy. It
should be noted that period off therapy and timing of
rechallenge are important considerations when rechal-
lenging patients [7].

Studies have explored temporary or reversible resis-
tance to BRAF inhibitors and a ‘plastic’ tumor phe-
notype which may revert upon removal of BRAF
inhibition, for example, changes observed in the tumor
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microenvironment (TME) by matrix remodeling and
therapeutic escape in melanoma cells [8]. Over time, the
diminishing impact of these resistance changes in tumors
may create an opportunity to target the BRAF mutation
again with the ultimate goal of deriving clinical benefit.

The aim of this study was to examine the activity of
RAF inhibitors (RAFi) among patients with BRAF-aber-
rant solid tumors, who underwent rechallenge with RAF
pathway-directed treatment in the context of early-phase
clinical trials.

Methods

This was a retrospective study conducted in a single
institution approved by The University of Texas MD
Anderson Cancer Center’s Institutional Review Board.
All patients treated as part of the clinical trial provided
written informed consent. The demographic, clinical, and
histopathologic data of patients were retrospectively col-
lected and analyzed. Trial designs, schedules, and assess-
ments varied among the clinical trials involved.

Statistical analysis

Demographic and clinical characteristics were analyzed
using descriptive statistics. PFS was defined as the time
from the first day of cycle 1 to the date of progression or
death, whichever came first. Patients who were alive and
progression-free at the last clinical follow-up were cen-
sored at the date of the last clinical follow-up. OS was
defined as the time from the first day of cycle 1 to death
from any cause. Patients alive at the last follow-up were
censored at the date of the last contact. Survival (PFS and
OS) were analyzed using the Kaplan-Meier method from
the time of trial participation and included median sur-
vivals (with 95% ClIs). HRs and corresponding Cls and
P values were computed using a Cox proportional haz-
ards regression analysis. Clopper-Pearson exact binomial
CIs were provided for estimates of proportions. Survival
differences between treatment cohorts were assessed
through the log-rank test with univariate analysis. All
tests were 2-sided, and P values<0.05 were considered
statistically significant. All statistical analyses were per-
formed using R software, v3.6.0.

Genomic analysis

Archived tumor specimens were analyzed at institutional
Clinical Laboratory Improvement Amendments (CLIA)-
certified laboratories for next-generation sequencing
data. Data was reviewed using other platforms such as
NeoGenomics, Aliso Viejo, CA, USA; Guardant360;
Guardant Health, Redwood City, CA; and Foundation
Medicine, Cambridge, MA, USA.
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Results

Treatment with RAF-1 inhibitor

Patient characteristics

Between January 2010 and November 2022, 44 patients
with BRAF aberrated advanced solid tumors who
received the first RAFi (RAF-1i) as monotherapy or in
combination and were rechallenged with a second RAFi
(RAF-2i) with or without other therapies at the Clini-
cal Center for Targeted Therapy, University of Texas
MD Anderson Cancer were identified for study analy-
sis. Patients received therapy either as standard of care
or as part of a clinical trial. RAF-1i and RAF-2i included
class I, pan-RAF or dimer-selective RAF inhibitors. The
Institutional Review Board independently reviewed and
approved each clinical trial in which patients presented
within this analysis were enrolled. The patients provided
written informed consent before treatment with inves-
tigational therapy. All procedures conformed with the
ethical standards of the institutional research committee
and with the Declaration of Helsinki. Patient and disease
characteristics before rechallenging are shown in Table
S1.

The median age of trial participants was 54.5 years (25
years — 76 years) while in gender distribution, male par-
ticipation was predominant (n=26; 59%) compared to
female participation (n=18; 41%). The majority of the
patients were of Caucasian ethnicity (n=36; 82%) fol-
lowed by Hispanic (n=6; 14%) and African-American
(n=1; 2%) and Asian ethnicities (n=1; 2%) Tumor types
and histologies included cutaneous melanoma (n=16;
36%), colorectal carcinoma (CRC) (n=10; 23%), thy-
roid cancers with papillary thyroid histology (n=3; 7%),
anaplastic histology (n=1; 2%), Central Nervous Sys-
tem (CNS) tumors including glioblastoma (n=2; 5%),
pleomorphic xanthoastrocytoma (n=1; 2%), anaplas-
tic astrocytoma (n=1; 2%). Other tumor types included
cholangiocarcinoma (n=3; 7%); pancreatic ductal adeno-
carcinoma (PDAC) (n=2; 5%), ovarian serous carcinoma
(n=2; 5%), non-small lung cancer of adenocarcinoma his-
tology (n=1; 2%), triple negative breast cancer (n=1; 2%)
and neuroendocrine carcinoma (n=1; 2%). All patients
had locally advanced, recurrent, or metastatic disease
before RAF-1i therapy. 22% of patients had 1-2 lines of
prior therapies of which 21 patients (48%) had prior tar-
geted therapy, 17 patients (39%) had prior immunother-
apy (IO), 23 patients (52%) had prior chemotherapy and
16 patients (36%) had prior radiation therapy.

For RAF-1i therapy, 21 patients (48%) received dab-
rafenib, while 10 patients (23%) received vemurafenib
and encorafenib, respectively and 3 patients (7%) received
investigational therapy as part of clinical trial participa-
tion. The majority of patients had an Eastern Cooperative
Oncology Group (ECOG) of 1 (n=30) followed by ECOG
of 0 (n=13) and ECOG of 2 (n=1). Most patients had no
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CNS disease at the time of RAF-1i therapy (n=36; 82%).
The burden of metastatic disease sites ranged from 0 to 7
sites with at least 15 patients (34%) with 1 metastatic site
at therapy. 24 patients (55%) had RAF-1i as an investiga-
tional agent while 20 patients (45%) had RAF-1i as stan-
dard of care (SOC) therapy. 37 patients (84%) received
RAF-1i as part of combination therapy with immune
checkpoint inhibitors (ICI) (n=9; 20%), therapy targeting
MEK, Epidermal Growth Factor Receptor (EGFR), B-cell
lymphoma 2 (BCL2), and multi-kinase pathways (n=34;
77%) or chemotherapy (n=6; 14%).

Safety and tolerability

Toxicities were evaluated based on the National Can-
cer Institute (NCI) Common Terminology Criteria for
Adverse Events version 4 or 5 (CTCAE) [9]. The median
treatment duration was 7 months for RAF-1i while the
median number of cycles with RAF-1i was 7 (range:
1-70). Thirty-six patients came off therapy due to PD
(82%) while 6 patients (14%) came off therapy due to tox-
icities as detailed below and 2 patients (5%) completed
duration of intended therapy either as standard of care
or as part of a clinical trial. Eleven patients (25%) devel-
oped grade 3 or 4 toxicities (G3 or G4) secondary to
RAF-1i therapy. Of this, 6 patients developed treatment-
related adverse events (TRAEs) secondary to investiga-
tional therapy such as G3 fatigue (#=1), G3 neutropenia
(n=2), G3 transaminitis (z=1) and G3 cutaneous rash
(n=2) where 4 patients received combination regimens
with ICI, BCL-2i or MEKi. Five patients developed G3/
G4 toxicities to combinatory standard of care therapies
targeting BRAF and MEK pathway with G3 cutaneous
rash (n=3), G3 pyrexia (n=1), and G3 acute kidney injury
(n=1). Hence, six patients discontinued therapy second-
ary to the above toxicities. Notably, four of these patients
had the best responses with 3 partial responses (PR) and
1 complete response (CR) with a median duration of
response (DOR) of 27.4 months which included cutane-
ous melanoma, cholangiocarcinoma, anaplastic thyroid
carcinoma (ATC) and papillary thyroid carcinoma (PTC).

Antitumor activity

The best overall response was 36.3% seen in 16 patients
(3 CRs and 13 PRs) with median DOR of 11.4 months.
One patient with PTC and another patient with pleo-
morphic xanthoastrocytoma treated with investigational
therapy experienced complete response while another
patient with PTC treated with SOC therapy experienced
complete response as well. Of the 13 PRs, nine partial
responses were as part of investigational therapy which
included TNBC (n=1), NSCLC (n=1), CRC (n=1), chol-
angiocarcinoma (n=2), cutaneous melanoma (#=2) and
ATC (n=1) where 8 of the 9 patients received combina-
tory regimen with chemotherapy, ICI, MEKi or BCL-2i.
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Four patients experienced partial responses as part of
SOC therapy including cutaneous melanoma (#=2) and
CRC (n=1) which included a combination with MEKi,
EGFRI, and ICI 24 patients experienced stable disease
(SD) with 11 patients experiencing durable responses
greater than 6 months. The disease control rate (DCR)
including CR, PR, and SD >/= 6 months was 61.3% seen
in 27 patients. Four patients including 2 CRC, 1 PDAC,
and 1 glioblastoma experienced progressive disease (PD)
via SOC and investigational therapies after a median
treatment duration of 3.2 months.

Survival outcomes

Of the 44 patients, six patients were censored due to
discontinuation for toxicities. The median progression-
free survival (PFS-1) with therapy with RAF-1i either
as monotherapy or combination was 8.4 months. The
median PFS-1 among responders was 11.4 months. The
most common reason for discontinuation of therapy was
progressive disease (n=36) while two patients completed
therapy (n=2).

Treatment between RAF-1 and RAF-2 inhibitor therapies
Twenty-seven patients (61%) underwent intervening
therapies before rechallenge with RAF-2i while seven-
teen patients (39%) did not have intervening therapies
after RAF-1i. Investigational regimens included Phos-
phoinositide 3-kinase (PIK3)i, Janus kinase (JAK)1i, Por-
cupine homolog (PORCN)ji, ICI, oncolytic viral therapy,
cytokine therapy, extracellular signal-regulated kinase
(ERK)i, immunomodulators targeting TLR7/8, antibody-
drug conjugate therapy, and radiation. SOC therapies
included chemotherapy, anti-VEGF (Vascular Endothe-
lial Growth Factor) agents, ICI, BRAFi, and MEKi.

The median time to RAF-2i was 3.3 months (0.03-
73.7 m) from the end of RAF-1i. In terms of survival
outcomes, the median PFS with intervening therapies as
stated above was 3.8 months (1-20.6 m).

Treatment with RAF-2 inhibitor

Patient characteristics

Predominantly 93% (1#=41) of patients went on to receive
RAF-2i as investigational therapy where 17 patients
(41%) received in combination with an agent target-
ing BRAF (n=2), MEK (n=3), ERK (n=1), BCL2 (n=1),
EGFR (n=4), cytochrome P450 3 A (CYP3A)i (n=1)
and multi-kinases (n=7). Twenty-four patients received
investigational therapy as monotherapy. Three patients
received SOC therapies with RAF-2i in combination
with MEKi and/or ICIs. Most patients had an ECOG of
1 (n=40; 90%) while 8 patients had CNS metastases with
one patient who developed CNS involvement after RAF-
1i therapy. The burden of metastatic disease was higher
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in this group with sites ranging from 0 to 6 sites with at
least 12 patients (28%) with 3 metastatic sites at therapy.

Safety and tolerability

The median treatment duration with RAF-2i was shorter
with rechallenge at 2.6 months versus 7 months for
RAF-1i while the median number of cycles with RAF-2i
was also shorter at 3 (1-33) compared with RAF-1i at
7 (1-70). Nine patients developed G3/G4 TRAEs with
rechallenge to RAF-2i, all related to investigational thera-
pies. Of this, 3 patients received monotherapy and devel-
oped G3 cutaneous rash (n=2) and G3thromboembolic
episode (n=1). Six patients received combinatory thera-
pies targeting MEK, ERK, CYP3A, multi-kinase pathway,
and EGFR and developed G3 hypertension and creati-
nine kinase elevation (n=1), G3 cutaneous rash (n=2),
G3 lipase elevation (n=1), G3 Alanine Aminotransfer-
ase (ALT) elevation (n=1) and G3 vomiting (n=1). Six
patients underwent dose reduction. Interestingly, one
patient with ovarian serous carcinoma currently off trial
and another patient with papillary thyroid carcinoma
who is still experiencing partial response had a median
DOR of 15.4 months.

Antitumor activity

The best overall response was 18.1% in eight patients to
rechallenge with RAF-2i with a partial response of 18%
(7 cPR+1 uPR). Sixteen patients experienced SD (36%)
while 20 patients developed PD (45%) while the clini-
cal benefit rate (PR+SD) was greater than 50% in the
participants (54.5%). Of 24 patients with PR and SD, 8
(33%) patients had durable responses (3 PRs and 5 SD)
lasting greater than 6 months (Table S2). PR’s were seen
in thyroid cancer (1 anaplastic; 2 papillary), 1 ovarian
serous histology, 2 cutaneous melanoma, 1 cholangio-
carcinoma, and 1 anaplastic astrocytoma. However, the
median DOR with RAF-2i was 2.5 months compared to
11.4 months with RAF-1i. Six patients received investi-
gational therapy while 2 patients received SOC. Of the
36 patients who discontinued RAF-1i due to PD, 17%
responded to rechallenge with 6 partial responses to
RAF-2i. Among 16 patients who had CR or PR on RAF1ij,
5 patients experienced partial responses again with RAF-
2i while 3 patients who experienced SD with RAF-1i, had
conversion to PR with RAF-2i. In the RAF-2i group, of all
patients achieving PR (#=8), 5 patients had other inter-
vening therapies before RAF-2i (ICL kinase inhibitors;
chemotherapy; investigational therapies) while 3 had no
interim therapies. 5 responders received a combination
with MEKi, while 1 responder had MEKi and ICI and 2
responders had monotherapy with RAF-2i. Notably, all
responders had a median time off therapy from RAF-1i
at 5.6 months. The bar plot of responses between RAF-1i
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and RAF-2i therapies is depicted in Fig. 1 and stratified
by histology and survival impact in Fig. 2.

Survival outcomes

Of the 44 patients, 8 patients were censored due to dis-
continuation for toxicities (n=2), patient preference
(n=2), and on trial (#=4). The median progression-free
survival (PFS-2) with therapy with RAF-2i either as
monotherapy or combination was shorter at 2.3 months
(1.83-5.6 m) compared to 8.6 months (6.5-11.5 m)
with RAF-1i. Of the eight rechallenge responders, four
patients were censored as they remain on trial. How-
ever, the median PFS with RAF-2i responders (PFS-2)
was improved at 12.8 months compared to 11.4 months
with RAF-1i responders. At a median follow-up of 20 m,
the median OS from retreatment with RAF-2i was 15.4
months (11.1-30.8 m). The median overall survival was
83.3 months for all patients who underwent rechal-
lenge (39.1 m-N/A). RAF-2i therapy demonstrated a sig-
nificantly inferior impact on PFS compared to RAF-1i
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therapy (Hazard Ratio [HR]: 2.2989, 95% confidence
interval [CI]: 1.42-3.68, p=0.000631). Concordantly,
RAF-2i demonstrated a significant impact on OS with
an HR of 2.62 (95% CI: 1.48-4.63, p=0.000961). These
survival graphs are depicted in Figure S1. However, one
must interpret these findings with caution since this is
a retrospective observational study with a small sample
size.

Prognostic factors

Independent prognostic factors for significant inferior
survival outcomes at rechallenge included male gender
treated with RAF-2i, metastatic burden at the time of
RAF-2i, ECOG 0 and 1 with RAF-2i while rechallenge
with combination RAF-2i had a worse survival impact on
PFS compared to RAF-2i monotherapy (PFS: 11.6 m vs.
2.7 m; HR: 3.6; p=0.037). Further characteristics are pro-
vided in the univariate analysis provided in Table S3. Spe-
cific factors that impact survival outcomes are presented
in Figure S2.

EFFICACY BETWEEN RAF1 AND RAF2 INHIBITOR THERAPIES
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Fig. 1 Anti-Tumor Activity of RAF2 inhibitor with rechallenge after RAF1 inhibitor. lllustration depicting the Anti-Tumor Activity of RAF2 inhibitor upon
rechallenge subsequent to RAF1 inhibitor treatment. The figure visually captures the treatment response dynamics, showcasing the impact of RAF2 in-
hibitor rechallenge on tumor progression following initial RAF 1 inhibitor therapy. CR=Complete Response; PR=Partial Response; ORR=Overall Response
Rate; SD=Stable Disease; PD = Progressive Disease; DCR= Disease Control Rate; CBR=Clinical Benefit Rate; RAF1i=First RAF inhibitor; RAF2i=Second RAF

inhibitor
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of treatment responses categorized by histological subtypes, highlighting the survival outcomes observed in the context of the Re-RAFFLE study.
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0S2=0verall Survival with second RAF inhibitor; PFS1=Progression Free-Survival with first RAF inhibitor; PFS2 =Progression Free-Survival with second

RAF inhibitor

Receiving intervening therapies or not did not have
a significant impact on survival for RAF2i rechal-
lenge (HR:0.6143, 95% CI: 0.2932-1.287, p=0.2 [PFS];
HR:0.9674, 95% CI: 0.4215-2.21, p=0.94 [OS]) as in Fig-
ure S3. ORR did not significantly differ between the com-
bination and monotherapy groups in RAF-2i (p=0.056).
However, the median PFS in the patients who received
intervening therapies was 3.8 months (2.37-11 m).

In terms of combination therapies, RAF-2i regimens
had a significantly worse impact on overall survival

compared to combination RAF-1i regimens (HR=3.5677,
p=0.0159). Similarly, The RAF-2i combination showed
a significant association with a worse impact on PFS
(HR=6.2360, p=0.00145) as depicted in Figure S4.

When examining the impact of SOC and investiga-
tional therapies on RAF-1i and RAF-2i, investigational
RAF-2i demonstrated a significantly inferior outcome
on PFS with an HR of 2.8753 (p<0.001) and on OS with
HR of 2.9158 (p=0.0019) while no significant impact was
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noted with SOC therapies with RAF-1i or RAF-2i (Figure
S5).

Genomic landscape

At baseline, 41 patients had BRAF V600E aberration,
while aberrations in the RAF/RAS pathway were seen
as BRAF V600K (n=1); BRAF K601Q (n=1) and KRAS
GI12S (n=1). 13 patients had genomic testing post-RAF-
1i or RAF-2i. Nine patients had a liquid biopsy and four
patients had tissue based next-generation sequencing
(NGS) performed on post-therapy tumor biopsies. Of
the 9 patients with post-therapy liquid biopsy, 4 patients
had prior tissue based somatic NGS testing. One patient
with rectal adenocarcinoma had baseline BRAF V600E
and PIK3CA I39IM mutation at baseline tumor NGS
while post-therapy liquid biopsy revealed persistence of
BRAF V600E mutation, loss of PIK3CA aberration, the
emergence of APC L629; APC T1556fs; EGFR 1134delins;
GNAS R201C and TP53 V203fs aberrations with variant
allele frequency (VAF)>2% in each. Another patient with
CRC had baseline tumor NGS with BRAF V600E; RNF43
V36fs and TP53 Q167 aberrations while post-therapy lig-
uid biopsy revealed persistence of BRAF V60OE and TP53
Q167 aberrations while emergent aberrations with CDK6
gain; EGFR gain and MYC gain was noted. A cholangio-
carcinoma patient with baseline BRAF V600E mutation
and BRAF amplification on tumor NGS revealed the per-
sistence of BRAF V600E aberration and development of
ESRI L536F aberration on post-therapy liquid biopsy.
The last patient with ovarian serous carcinoma had a
baseline BRAF V600E mutation via tumor NGS with
the persistence of BRAF V60OE aberration and no newly
acquired aberrations on post-therapy liquid biopsy.

Discussion
This study explored the activity of RAF inhibitors (RAFi)
among diverse patients with BRAF-aberrant solid tumors
beyond melanoma, who underwent rechallenge with
RAF pathway-directed treatment in the context of early-
phase clinical trials. Rechallenge with RAFi (s) resulted
in clinical benefit rate of 54.5% with an overall response
rate of 18% and a median DOR of 2.5 months. Durable
responses were seen in 33% of the participants (n=8/24)
lasting greater than 6 months as well. Rechallenge with
RAF-2i produced an improved benefit in PFS when com-
pared with RAF-1i (12.8 months vs. 11.4 months) and
median OS was extended by 10.5 months with no impact
on intervening therapies or duration from rechallenge.
This points to the sustainability of rechallenging the same
oncogenic driver regardless of treatment breaks or other
therapies.

This study presents intriguing findings on the anti-
tumor activity of RAF inhibitors (RAF-1i and RAF-2i)
in various solid tumors. Notable partial responses were
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observed in thyroid cancer, ovarian serous histology,
cutaneous melanoma, cholangiocarcinoma, and ana-
plastic astrocytoma. However, the DOR was shorter with
RAF-2i compared to RAF-1i. Rechallenge with RAF-
2i showed promising responses in 14% of patients who
previously discontinued RAF-1i due to disease progres-
sion. Interestingly, responders in the RAF-2i group had
a median time off therapy from RAF-1i of 5.6 months
although 3 patients did not have any intervening thera-
pies, suggesting a potential impact of treatment dura-
tion on subsequent responses. While this retrospective
study contributes valuable insights, it’s crucial to recog-
nize certain limitations. The diverse inclusion of vari-
ous tumor types provides a comprehensive perspective,
but it may affect generalizability due to potential var-
ied responses to RAF inhibitors across different tumor
types. Limited information on treatment cycle durations,
potential confounding of adverse effects by accompany-
ing therapies, and variability in prior therapies introduce
complexities in interpreting treatment responses and
survival outcomes. The sample size of 44 patients, while
offering valuable data, may have some constraints in sta-
tistical power. The 20-month median follow-up, while
informative, might be relatively short for assessing more
extended outcomes.

However, transitioning to RAF-2i therapies led to
inferior survival outcomes, highlighting the importance
of understanding prognostic factors to optimize treat-
ment strategies in this patient population. Although, the
median PFS-2 with rechallenge therapy with an RAF-2i
either as monotherapy or combination was shorter at
2.3 months compared to 8.6 months with RAF-1i, nota-
bly this did extend the median OS from retreatment with
RAF-2i by 15.4 months. Since this study involved inves-
tigational agents targeting the RAF pathway beyond only
BRAF inhibition, some caveats need to be considered.
Many of the RAF-2i (s) were investigational therapies in
dose-finding phases and the maximum potential of anti-
tumor activity could not have been reached. Despite this,
notably among 54% of patients treated with investiga-
tional RAF-2i, 25% of patients were responders to rechal-
lenge. This speaks to the potential of retargeting the RAF
pathway in a tumor-agnostic fashion with an impact on
anti-tumor activity and survival outcomes. Moreover,
combinations with other classes of agents including
chemotherapy, immunotherapy, and targeted therapies
could confound tolerability, safety, and anti-tumor activ-
ity leading to a median treatment duration shorter with
rechallenge at 2.6 months versus 7 months with RAF-1i.
Moreover, the burden of metastatic disease was higher
in this group with sites ranging from 0 to 6 sites with at
least 12 patients (28%) with 3 metastatic sites at therapy.

Multiple prior studies have shown the benefit of rechal-
lenge by retargeting the oncogenic BRAF driver pathway,
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especially melanoma. Johnson et al. rechallenged with
dabrafenib and trametinib in 71 patients with advanced
BRAF V600E mutated melanoma in an open-label phase
I/II study treated previously with either dabrafenib or
vemurafenib monotherapy and reported an ORR of
13-15% in two cohorts with or without crossover from
dabrafenib monotherapy. Patients previously treated
with dabrafenib for greater than six months demon-
strated improved outcomes with the addition of MEKi
compared to patients previously treated less than six
months, showing a median PES of 3.9 months versus 1.8
months (HR, 0.49; p=0.02) and an ORR of 26% versus
0% [10]. In another retrospective study with advanced
melanoma (n=60) re-challenge with a BRAFi (BRAF2i)
+/- MEKi after progression on prior BRAF inhibitor
treatment (BRAF1i) was investigated. Re-challenge with
BRAF2i resulted in an ORR of 28%, while the median PFS
was 5.0 months, and the DOR was 14.0 months. Previ-
ous response to BRAF1i was the main predictive factor
for response to BRAF2i. The addition of MEK inhibi-
tion to BRAF2i did not significantly improve outcomes
compared to monotherapy or combination therapy [11].
Similarly, in another multi-institutional retrospective
study with metastatic melanoma, 116 patients who previ-
ously received BRAFi with treatment-free interval, were
rechallenged with BRAFi +/- MEKi. The overall response
rate with BRAFi rechallenge was 43.3% while the rechal-
lenge median OS was 9.8 months, with a median PFS of 5
months [12].

It should be noted not all patients respond equally, and
intrinsic or acquired resistance can limit clinical efficacy
especially secondary to clonal heterogeneity in tumors.
Understanding the translational biology of oncogenic
driver mutations and selectively choosing the apt path-
ways for rechallenge hold the key to practice-changing
care. Resistance to BRAF/MEK inhibitors in patients
with BRAF-mutant tumors can be primary or intrin-
sic and secondary or acquired resistance. In patients
with advanced BRAF-aberrated metastatic melanoma,
approximately 20% show intrinsic resistance demon-
strating refractoriness to BRAF-targeted therapy [13].
This resistance is thought to arise from various mecha-
nisms, including mutations in RACI, loss of NF1, NRAS
mutations, loss of PTEN, gain of cyclin DI, upregula-
tion of MAP3KS8, and hepatocyte growth factor [13,
14]. Acquired resistance, on the other hand, involves
the recrudescence of MAPK-pathway signaling or other
feedback loops, empowering tumor growth despite
MAPK inhibition [15]. Significantly, the primary reason
for BRAFi resistance is not the emergence of new muta-
tions in the BRAF kinase domain that hinder the bind-
ing of the drug, which is a common phenomenon seen
with other small-molecule kinase inhibitors. In contrast,
resistance to BRAFi typically arises when the MAPK
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pathway is reactivated through various mechanisms.
These mechanisms include the upregulation of receptor
tyrosine kinases (RTKs) or RAS aberration, activation of
downstream components such as MEK, ERK, and ULK,
or development of class II or III aberrations in the BRAF
gene [16, 17]. Other contributing factors may include
adaptive PI3K/AKT signaling, changes in the expression
of transcriptional regulators leading to therapy resis-
tance, and the presence of quiescent “stem-like” cells that
exhibit tolerance towards perturbations in the MAPK
pathway, a phenomenon known as “drug addiction” [8].
Phenotype switching has also been postulated as a mech-
anism of acquired resistance, whereby melanoma cells
switch cellular sensitivity with diminished dependence
on the MAPK pathway leading to ineffective inhibition
with BRAF and MEK targeted therapy [18]. This adapt-
ability phenomenon can allow other co-occurring genetic
alterations to formulate in the tumor environment to
promote tumor growth despite MAPK inhibition. Addi-
tionally, resistance may arise from the development of
a drug-resistant TME, allowing tumor growth due to
robust extracellular matrix reorganization. Given the
heterogeneity of tumors, varying genetic and epigenetic
mechanisms likely contribute to BRAF/MEK resistance
[15]. The concept of drug dependency in drug-resistant
cells suggests that altering dosing strategies may prevent
the emergence of resistance. Research has demonstrated
that cessation of treatment and transitioning to an alter-
native therapy can result in the regression of tumors that
are resistant to BRAFi. This transition may promote the
emergence of rapidly proliferating clones that maintain
their susceptibility to rechallenging with BRAF/MEKi [8].

Multiple preclinical studies have explored temporary or
reversible resistance to BRAF inhibitors and the concept
of a ‘plastic’ tumor phenotype. The role of TME changes
and therapeutic escape mechanisms in melanoma cells
may impact treatment response and resistance. Das
Thakur et al. demonstrated that melanoma cells display
temporary resistance to BRAF inhibitors due to their
ability to adapt in response to treatment and switch
between different cellular states such as proliferative and
invasive phenotypes, in response to treatment pressure.
Melanoma cells can activate alternative survival path-
ways, develop drug-tolerant subpopulations, and exhibit
a “plastic” tumor phenotype. This phenotype switching
may contribute to treatment resistance by enabling mela-
noma cells to acquire additional genetic alterations and
promote survival in the presence of BRAF inhibitors. The
findings highlight the importance of exploring combina-
tion therapies targeting both intrinsic and immunologi-
cal factors to overcome resistance and improve treatment
outcomes in BRAF-mutant cancers [8].

The plastic phenotype observed in melanoma cells
upon BRAF inhibitor withdrawal indicates the dynamic
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nature of tumor response and potential opportunities for
rechallenge in various arrays of treatment schedules [8].
In a translational study examining intermittent treatment
with the BRAFV600E inhibitor, LGX818/encorafenib,
was more effective in suppressing growth in human mel-
anoma cells expressing BRAFV600E, p61-BRAFV600E,
or MEK2C125 oncogenes compared to continuous treat-
ment. The advantageous effect of intermittent treatment
appeared to be driven by re-sensitization during drug
removal, followed by cell death upon drug re-addition,
rather than drug addiction. The intermittent treatment
also resulted in a distinct transcriptome, including medi-
ators of cell invasiveness and the epithelial-to-mesen-
chymal transition, indicating phenotypic plasticity and
drug re-sensitization as underlying mechanisms [19].
However, phase 2 trials employing intermittent dosing
with combinations of BRAF and MEK inhibitors showed
poorer PES and no significant difference in OS compared
to continuous treatment [20, 21]. Further elucidation of
the mechanisms governing the response to intermittent
therapy, other dosing schedules, and translation into clin-
ical effectiveness is needed.

To overcome acquired resistance from BRAF class II
and III alterations and other RAF aberrations, develop-
ing novel therapies is crucial. The investigational drug
tovorafenib, a selective pan-RAF inhibitor, has shown
clinically meaningful responses in pediatric patients
with BRAF-altered low-grade gliomas (LGGs) in phase
1B and phase 2 trials. In the phase 2 FIREFLY-1 trial
(NCT04775485), tovorafenib demonstrated an ORR of
64% among 77 patients, where more than 60% of patients
had prior MAPK-targeted therapies. Responses were
observed in both BRAF fusion/rearrangement and V600E
mutation tumors, including those previously treated with
MAPK inhibitors. The most common treatment-related
adverse events were manageable and included hair
color changes, increased creatine phosphokinase, ane-
mia, fatigue, and maculopapular rash [22]. FORE8394 is
another investigational inhibitor targeting class 1 (V600)
and class 2 (activating non-V600) BRAF-altered tumors.
In a phase 1/2a study, 110 patients with advanced solid
or CNS tumors carrying BRAF alterations received
FORES8394 where 25% had prior MAPK-targeted ther-
apy. ORR in patients with MAPKi-naive, V600 mutant
tumors, was 39% while rechallenge in patients with V600
mutated tumors previously treated with MAPKi, ORR
was 18%. The most commonly reported treatment-emer-
gent adverse events (TEAEs) were grade 1-2 increased
ALT (39%), increased AST (35%), and fatigue (34%) [23].

Conclusions

RAF inhibitors have demonstrated promising antitu-
mor activity and derived clinical benefit in patient out-
comes in the rechallenge of patients with RAF aberrated
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advanced solid tumors. However, acquired resistance
remains a significant challenge. Research efforts to iden-
tify resistance mechanisms, develop next-generation
therapies, and optimize treatment strategies are critical
for achieving long-lasting and durable responses. How-
ever, further analysis and considerations, such as sample
size, clinical context, and other factors, are necessary to
draw definitive conclusions about the impact of RAF-1i
and RAF-2i therapies on clinical outcomes. Further pro-
spective studies are warranted to validate these findings
and expand re-challenging targeted therapy options in
tumor-agnostic BRAF-aberrant cancers.

Abbreviations
RAF Rapidly Accelerated Fibrosarcoma

BRAF v-RAF murine sarcoma viral oncogene homolog B1
CR1/2/3 Conserved Region

MEK Mitogen-Activated Protein Kinase

ERK Extracellular Signal-Regulated Protein Kinase
PI3K Phosphoinositide 3-Kinase

RAS Rat Sarcoma

CR Completed Response

FDA Food and Drug Administration

PR Partial Response

ORR Overall Response Rate

DOR Duration of Response

SD Stable Disease

PD Progressive Disease

PFS (1/2) Progression-Free Survival

(o) Overall Survival

ECOG Eastern Cooperative Oncology Group

SOC Standard of Care

INV Investigational

(@ Immune Checkpoint Inhibitor

DCR Disease Control Rate

HR Hazard Ratio

cl Confidence Interval

CYP3A cytochrome P450 3 A

ALT Alanine Aminotransferase

TME Tumor Microenvironment

AKT Protein kinase B

NRAS Neuroblastoma RAS viral oncogene homolog
CLIA Clinical Laboratory Improvement Amendments
CRC Colorectal Carcinoma

CNS Central Nervous System

EGFR Epidermal Growth Factor Receptor

PDAC Pancreatic Ductal Adenocarcinoma

(@ Immune Checkpoint Inhibitors

TNBC Triple Negative Breast Cancer
NSCLC Non-Small Cell Lung Cancer

BCL2 B-cell lymphoma 2

VAF Variant Allele Frequency

TRAE Treatment Related Adverse Event
G Grade

ATC Anaplastic Thyroid Carcinoma

PTC Papillary Thyroid Carcinoma

10 Immunotherapy

VEGF Vascular Endothelial Growth Factor
PIK3 Phosphoinositide 3-kinase

JAK Janus kinase

PORCN Porcupine homolog

ALT Alanine Aminotransferase

VAF Variant Allele Frequency

LGG Low-Grade Gliomas

NGS Next-Generation Sequencing

RAFi (1/2) RAF inhibitors

TEAE Treatment-Emergent Adverse Events



Nelson et al. Molecular Cancer (2024) 23:64

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512943-024-01982-4.

Supplementary Material 1
Supplementary Material 2

Electronic supplementary materialBelow is the link to the electronic
supplementary material.Supplementary Material 2

Acknowledgements

We would like to thank all the patients and their families for their participation
in the respective trials. We thank the Precision Oncology Decision Support
Program at U.T. M.D. Anderson Cancer Center for providing annotations of
genomic alterations of participating patients. MD Anderson receives licensing
fees for our Precision Oncology Decision Support (PODS) database from
Philips Healthcare, which support continued development of the system at
MD Anderson. This study was supported by the NIH/NCI under award number
P30CA016672 and the Clinical and Translational Science Awards (CTSA) grant.

Author contributions
Study concept and design: B.E.N. and V.S. Study data collection: BEN, EC;

AMJ; JA; CMN.B,; M.N. Data analysis: B.ENN. and J.R. lllustrations: JR. and B.E.N.

Manuscript writing: B.EN. and J.A. BEN. and JR. are co-first authors. S.PW,,
M.C, MJ, SAPP 1.C.G.O, EMB. VS critically revised and all authors approved
the final version of the manuscript.

Funding
None Received.

Data availability

Data availability is not openly available as it is contingent on completion of
on-going studies and data analysis. Data are located in controlled access
data storage at MD Anderson Cancer Center. The findings, including relevant
scientific data, will be made accessible through appropriate channels or
publications to facilitate further research.

Declarations

Ethical approval

The study has been performed based on the principles of the World Medical
Association Declaration of Helsinki. The study protocol was approved by the
University of Texas MD Anderson Cancer Center Institutional Review Board.
Human Ethics and Consent to Participate declarations: not applicable.

Competing interests

Blessie Elizabeth Nelson, Jason Roszik, Jibran Ahmed, Carmelia Maria Noia
Barretto, Mirella Nardo, Erick Campbell, Amber M Johnson, and Shiao-Pei
Weathers report no disclosures. Sarina A. Piha-Paul receives research/grant
funding from AbbVie, Inc,, ABM Therapeutics, Inc,, Acepodia, Inc., Alkermes,
Aminex Therapeutics, Amphivena Therapeutics, Inc,, BioMarin Pharmaceutical,
Inc., Boehringer Ingelheim, Bristol Myers Squib, Cerulean Pharma, Inc,, Chugai
Pharmaceutical Co,, Ltd., Curis, Inc,, Daiichi Sankyo, Eli Lilly, ENB Therapeutics,
Five Prime Therapeutics, Gene Quantum, Genmab A/S, GlaxoSmithKline,
Helix BioPharma Corp., Incyte Corp., Jacobio Pharmaceuticals Co., Ltd.,
Medimmune, LLC,, Medivation, Inc., Merck Sharp and Dohme Corp., Novartis
Pharmaceuticals, Pieris Pharmaceuticals, Inc,, Pfizer; Principia Biopharma, Inc,,
Puma Biotechnology, Inc., Rapt Therapeutics, Inc,, Seattle Genetics, Silverback
Therapeutics, Taiho Oncology, Tesaro, Inc,, and TransThera Bio. Isabella C.
Glitza Oliva receives research/grant funding from Bristol Myers Squib, Merck
and Pfizer and is on the consulting/advisory board for Pfizer, Novartis and
Midatech. Maria Cabanillas reports funding from Merck and Genentech

and is on the consulting and advisory boards for Bayer, Lilly, Exelixis, and
Blueprint. Milind Javle reports personal fees from Taiho during the conduct
of the study; grants and personal fees from QED, grants, and personal fees
from Incyte, nonfinancial support from Basilea, and grants and personal

fees from Transthera outside the submitted work; and consultant for Merck,
EMD Serono, Novartis, Eli Lilly, Meclun, Pieris, Lynx group, BMS, AstraZeneca.
F. Meric-Bernstam reports receiving grants from Calithera Biosciences and

Page 10 of 11

Novartis, receives personal fees from AbbVie, Aduro BioTech Inc,, Alkermes,
AstraZeneca, DebioPharm, eFFECTOR Therapeutics, F. Hoffman-La Roche Ltd,,
Genentech Inc,, IBM Watson, Infinity Pharmaceuticals, Jackson Laboratory,
Kolon Life Science, Lengo Therapeutics, OrigiMed, PACT Pharma, Parexel
International, Pfizer Inc., Samsung Bioepis, Seattle Genetics Inc,, Tallac
Therapeutics, Tyra Biosciences, Xencor, Zymeworks, Black Diamond, Biovica,
Eisai, Immunomedics, Inflection Biosciences, Karyopharm Therapeutics, Loxo
Oncology, Mersana Therapeutics, OnCusp Therapeutics, Puma Biotechnology
Inc,, Seattle Genetics, Silverback Therapeutics, Spectrum Pharmaceuticals,

and Zentalis; and grants from Aileron Therapeutics, Inc. AstraZeneca, Bayer
Healthcare Pharmaceutical, Curis Inc,, Cytomx Therapeutics Inc., Daiichi Sankyo
Co. Ltd,, Debiopharm International, eFFECTOR Therapeutics, Genentech

Inc., Guardant Health Inc., Klus Pharma, Takeda Pharmaceutical, Puma
Biotechnology Inc., and Taiho Pharmaceutical Co. Vivek Subbiah reports
grants from Eli Lilly/LOXO Oncology, Blueprint Medicines Corporation, Turning
Point Therapeutics, Boston Pharmaceuticals; and Helsinn Pharmaceuticals.

He also reports grants and services in an advisory board/consultant position
for Eli Lilly/Loxo Oncology. He has received research grants from Roche/
Genentech, Bayer, GlaxoSmithKline, Nanocarrier, Vegenics, Celgene, Northwest
Biotherapeutics, Berghealth, Incyte, Fujifilm, D3, Pfizer, Multivir, Amgen,
Abbvie, Alfa-sigma, Agensys, Boston Biomedical, Idera Pharma, Inhibrx,
Exelixis, Blueprint Medicines, Altum, Dragonfly Therapeutics, Takeda, National
Comprehensive Cancer Network, NCI-CTEP, the University of Texas MD
Anderson Cancer Center, Turning Point Therapeutics, Boston Pharmaceuticals,
Novartis, Pharmamar, and Medimmune and has served on an advisory board
and/or as a consultant for Helsinn, Incyte, QED Pharma, Daiichi-Sankyo,
Signant Health, Novartis, Relay therapeutics, Roche, and Medimmune. He

has received travel funds from Pharmamar, Incyte, ASCO, and ESMO and has
received other support from Medscape.

Received: 8 December 2023 / Accepted: 11 March 2024
Published online: 26 March 2024

References

1. Roskoski R Jr. RAF protein-serine/threonine kinases: structure and regulation.
Biochem Biophys Res Commun. 2010,399:313-7.

2. Dankner M, Rose AA, Rajkumar S, Siegel PM, Watson IR. Classifying BRAF
alterations in cancer: new rational therapeutic strategies for actionable muta-
tions. Oncogene. 2018;37:3183-99.

3. Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, Teague J, Woffendin
H, Garnett MJ, Bottomley W. Mutations of the BRAF gene in human cancer.
Nature. 2002;417:949-54.

4. Gouda M, Subbiah V. Precision oncology for BRAF-mutant cancers with BRAF
and MEK inhibitors: from melanoma to tissue-agnostic therapy. ESMO open.
2023;8:100788.

5. Nelson BE, Reddy NK, Huse JT, Amini B, Nardo M, Gouda M, Weathers SP, Sub-
biah V. Histological transformation to gliosarcoma with combined BRAF/MEK
inhibition in BRAF V600OE mutated glioblastoma. NPJ Precis Oncol. 2023;7:47.

6. TianY, Guo W. A review of the molecular pathways involved in resistance to
BRAF inhibitors in patients with advanced-stage melanoma. Med Sci Monitor:
Int Med J Experimental Clin Res. 2020,26:€920957-920951.

7. Gebhardt C, Ascierto P, Atkinson V, Corrie P, Dummer R, Schadendorf D.

The concepts of rechallenge and retreatment in melanoma: a proposal for
consensus definitions. Eur J Cancer. 2020;138:68-76.

8. DasThakur M, Salangsang F, Landman AS, Sellers WR, Pryer NK, Levesque
MP, Dummer R, McMahon M, Stuart DD. Modelling vemurafenib resis-
tance in melanoma reveals a strategy to forestall drug resistance. Nature.
2013;494:251-5.

9. Common Terminology Criteria for Adverse Events (CTCAE). [https://ctep.
cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_4.03.
xIsx].

10.  Johnson DB, Flaherty KT, Weber JS, Infante JR, Kim KB, Kefford RF, Hamid O,
Schuchter L, Cebon J, Sharfman WH, et al. Combined BRAF (Dabrafenib) and
MEK Inhibition (Trametinib) in patients with BRAFV600-Mutant melanoma
experiencing progression with single-Agent BRAF inhibitor. J Clin Oncol.
2014;32:3697-704.

11, Tietze JK, Forschner A, Loquai C, Mitzel-Rink H, Zimmer L, Meiss F, Rafei-Sham-
sabadi D, Utikal J, Bergmann M, Meier F et al. The efficacy of re-challenge with
BRAF inhibitors after previous progression to BRAF inhibitors in melanoma: a
retrospective multicenter study. Oncotarget 2018, 9.


https://doi.org/10.1186/s12943-024-01982-4
https://doi.org/10.1186/s12943-024-01982-4
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_4.03.xlsx
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_4.03.xlsx
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_4.03.xlsx

Nelson et al. Molecular Cancer

(2024) 23:64

Valpione S, Carlino MS, Mangana J, Mooradian MJ, McArthur G, Schadendorf
D, Hauschild A, Menzies AM, Arance A, Ascierto PA, et al. Rechallenge with
BRAF-directed treatment in metastatic melanoma: a multi-institutional
retrospective study. Eur J Cancer. 2018,91:116-24.

Sanchez JN, Wang T, Cohen MS. BRAF and MEK inhibitors: use and resistance
in BRAF-mutated cancers. Drugs. 2018,78:549-66.

Griffin M, Scotto D, Josephs DH, Mele S, Crescioli S, Bax HJ, Pellizzari G, Wynne
MD, Nakamura M, Hoffmann RM. BRAF inhibitors: resistance and the promise
of combination treatments for melanoma. Oncotarget. 2017,8:78174.
Gallagher SJ, Tiffen JC, Hersey P. Histone modifications, modifiers and

readers in melanoma resistance to targeted and immune therapy. Cancers.
2015;7:1959-82.

Johnson DB, Menzies AM, Zimmer L, Eroglu Z, Ye F, Zhao S, Rizos H, Sucker

A, Scolyer RA, Gutzmer R. Acquired BRAF inhibitor resistance: a multicenter
meta-analysis of the spectrum and frequencies, clinical behaviour, and phe-
notypic associations of resistance mechanisms. Eur J Cancer. 2015;51:2792-9.
Van Allen EM, Wagle N, Sucker A, Treacy DJ, Johannessen CM, Goetz EM,
Place CS, Taylor-Weiner A, Whittaker S, Kryukov GV. The genetic landscape of
clinical resistance to RAF inhibition in metastatic melanoma. Cancer Discov.
2014;4:94-1009.

Levesque MP, Cheng PF, Raaijmakers MI, Saltari A, Dummer R. Metastatic
melanoma moves on: translational science in the era of personalized medi-
cine. Cancer Metastasis Rev. 2017,36:7-21.

Kavran AJ, Stuart SA, Hayashi KR, Basken JM, Brandhuber BJ, Ahn NG. Intermit-
tent treatment of BRAF < sup >V600E melanoma cells delays resistance by

20.

21.

22.

23.

Page 11 of 11

adaptive resensitization to drug rechallenge. Proceedings of the National
Academy of Sciences 2022, 119:2113535119.

Algazi AP, Othus M, Daud Al, Lo RS, Mehnert JM, Truong T-G, Conry R, Kendra
K, Doolittle GC, Clark JI. Continuous versus intermittent BRAF and MEK inhibi-
tion in patients with BRAF-mutated melanoma: a randomized phase 2 trial.
Nat Med. 2020,26:1564-8.

Gonzalez-Cao M, Mayo de las Casas C, Oramas J, Berciano-Guerrero MA, de

la Cruz L, Cerezuela P, Arance A, Mufioz-Couselo E, Espinosa E, Puertolas T.
Intermittent BRAF inhibition in advanced BRAF mutated melanoma results of
a phase Il randomized trial. Nat Commun. 2021;12:7008.

Khuong-Quang D-A, Nysom K, Landi DB, Ziegler DS, Driever PH, Leary S,
Bailey S, Lugt Jvd, Perreault S, Waanders AJ, et al. Clinical activity of pan-RAF
inhibitor tovorafenib in the registrational pediatric low-grade glioma arm of
the phase 2 FIREFLY-1 (PNOC026) study. J Clin Oncol. 2023;41:10004-10004.
Ahnert JR, Yaeger R, Tsai FY-C, Janku F, Butowski NA, Allen CE, Ammakkanavar
NR, Taylor JW, Michelson G, Kline |, et al. Safety and efficacy of the novel BRAF
inhibitor FORE8394 in patients with advanced solid and CNS tumors: results
from a phase 1/2a study. J Clin Oncol. 2023;41:3006-3006.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿RAF inhibitor re-challenge therapy in BRAF-aberrant pan-cancers: the RE-RAFFLE study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Statistical analysis
	﻿Genomic analysis

	﻿Results
	﻿Treatment with RAF-1 inhibitor
	﻿Patient characteristics


	﻿Safety and tolerability
	﻿Antitumor activity
	﻿Survival outcomes
	﻿Treatment between RAF-1 and RAF-2 inhibitor therapies
	﻿Treatment with RAF-2 inhibitor
	﻿Prognostic factors
	﻿Genomic landscape
	﻿Discussion
	﻿Conclusions
	﻿Electronic supplementary material
	﻿References


