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Promising response of dabrafenib, trametinib, and
osimertinib combination therapy for concomitant BRAF and

EGFR-TKI resistance mutations

Clint Taonaishe Chimbangu, Zhou Ya, Li Xi, Zhao Jiayue, Meng Xiao,

Wang Ying, Yu Xingxu and Xiaomei Liu

Despite the initial promise of epidermal growth factor
receptor-tyrosine kinase inhibitors (EGFR-TKIs) in
effectively combating tumor growth, the majority of
patients with advanced non-small cell lung cancers
(NSCLCs) inevitably develop resistance to these
treatments. An infrequent genetic mutation known as
BRAFV600E has been identified as a contributing factor
to the emergence of acquired resistance to EGFR-

TKils. Genetic alterations in BRAF, particularly V60OE,
contribute to resistance to osimertinib. However, a
combination therapy involving osimertinib, dabrafenib (a
BRAF inhibitor), and trametinib has shown effectiveness
in overcoming BRAF V600E-mediated resistance in
advanced lung adenocarcinoma. This treatment regimen
holds promise for similar cases. In our case report, the

Introduction

Lung cancer stands as the leading cause of cancer-related
deaths worldwide, with non-small cell lung cancer (NSCLC)
accounting for approximately 85% of cases [1]. Substantial
advancements have been made in targeting driver gene
mutations in lung adenocarcinoma, the most common sub-
type of NSCLC. Notably, epidermal growth factor receptor
(EGFR) mutations are present in 16% of advanced ade-
nocarcinoma cases and are even more prevalent in Asian
females, with a frequency of approximately 61.1% [2,3].
Consequently, EGFR-tyrosine kinase inhibitors (TKIs)
have emerged as effective targeted therapies for lung ade-
nocarcinoma [4]. Despite the initial efficacy of EGFR-"TKISs,
most advanced NSCLC cases inevitably develop acquired
resistance (AR) to these treatments. One off-target down-
stream pathway contributing to AR in EGFR-mutated
lung cancer is the V-Raf murine sarcoma viral oncogene
homolog B1 (BRAF) V600OE mutation [5-7]. Although the
BRAFV600E mutation is considered uncommon, it plays a
crucial role in AR for approximately 3% of patients undergo-
ing second-line osimertinib treatment [8-11].

Dabrafenib  and  trametinib are  FDA-approved
BRAF and MEK inhibitors, respectively, utilized as
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first-line treatment for metastatic NSCLC patients with
the BRAFV600E mutation [12-14] In cases where osi-
mertinib, an EGFR-TKI, proves ineffective for NSCLC
patients exhibiting EGFR resistance with the BRAF
V600E mutation, the combination of osimertinib with
dabrafenib and trametinib has shown promise in over-
coming resistance mediated by the BRAFV600E muta-
tion in advanced lung adenocarcinoma [15-19].

Within this case report, we present a patient with lung
adenocarcinoma who developed resistance to osimer-
tinib and subsequently received the combination ther-
apy of osimertinib, dabrafenib, and trametinib. The
patient experienced partial regression of the tumor and
maintained progression-free survival for over a year.
Furthermore, continuous monitoring of the patient dur-
ing treatment exhibited the manageable toxicity of the
combination therapy.

It is worth noting that accurate identification of predic-
tive genetic alterations is crucial for patient management,
prognosis, and the understanding of AR mechanisms.
Various sample types, detection methods, and genetic
testing platforms can influence the accuracy of precision
medicine and the selection of appropriate treatments
[20]. Liquid biopsies, such as peripheral blood and pleu-
ral effusion analysis, have been proposed as alternatives
to tissue biopsies for capturing tumor heterogeneity and
clonal diversification [21-23]. Additionally, monitoring
changes in serum carcinoembryonic antigen (CEA) levels
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has shown potential as a noninvasive option for monitor-
ing and predicting outcomes in lung cancer patients [24].

Incorporating liquid biopsies and monitoring serum
CEA levels can enhance the accuracy of genetic testing
and contribute to patient management. Further research
and clinical trials are necessary to validate the efficacy and
safety of EGFR/BRAF/MEK co-inhibition in this patient
population.

Results

Case report

In January 2019, CT and blood tests were conducted
on a 66-year-old male patient, revealing sporadic lung
nodules, enlarged lymph nodes, pleural effusion, and
elevated CEA levels. A biopsy confirmed the presence
of lung adenocarcinoma. The initial diagnosis indicated
stage IV left lung adenocarcinoma with malignant pleu-
ral effusion. Further examination through a lymph node
biopsy revealed an EGFR exon 21 deletion, with an
ECOG score of 2. Initially, the patient responded partially
to EGFR-TKIs, but experienced abnormal liver function
as a result. Subsequent reexamination of the patient after
TKI treatment showed a significant increase in pleural
effusion compared to pretreatment levels. After 2 cycles
of cisplatin combined with pemetrexed, the patient’s dis-
ease remained uncontrolled.

Treatment with osimertinib was then initiated, resulting
in a partial remission as the best response. However, with
continued osimertinib treatment, the patient developed
new liver and pancreatic metastases, leading to disease

Fig. 1

progression. To address this, a combined treatment
involving osimertinib, dabrafenib, and trametinib was
administered, resulting in a significant reduction in liver
and pancreatic metastases and notable improvement in
symptoms, with an ECOG score of 1. Adverse events
were manageable. At the last follow-up in June 2023, the
patient’s disease assessment still indicated a maintenance
of partial remission. (Please refer to Figs. 1-3 for visual
representations of the treatment course, tumor indicators,
and genetic testing results.)

Efficacy and toxicity

In this 66-year-old male patient, the best response assess-
ment for combination therapy after developing resistance
to osimertinib was partial response, which has been main-
tained for over a year. During the course of combination
treatment, the patient experienced recurring fever, with a
maximum body temperature of 39 °C. Following a series of
examinations, the fever was determined to be an adverse
reaction associated with the drug therapy. After receiving
symptomatic treatment, the patient’s body temperature
returned to normal. Additionally, the patient developed
mild rashes, fatigue, and nausea. However, after adjusting
the dosage of the drug, the patient tolerated it well.

'To the best of our knowledge, combined treatment tar-
geting EGFR/BRAF/MEK has been investigated in
eight cases, and we have compiled the clinical character-
istics, treatment outcomes, and side effects in Table 1.
Similarly, we have summarized the clinical characteris-
tics, treatment outcomes, and side effects of the seven
patients from our hospital in Table 2.
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Radiologic images and time-line of patient’s clinical course. This figure displays radiologic images and a chronological time-line documenting the
clinical course of patient 1. (The concept is adapted from Zeng et al's work in Cancer Drug Resistance 2021;4 : 1019-27).




Dabrafenib, trametinib, and osimertinib synergy against BRAF and EGFR-TKI resistance mutations Chimbangu et al. 111

Fig. 2

Time-tumor marker serum graph

Gefitinib Osimertinib
45
40 Ty
= 35
E ..... ...nl.a". .
-Eh 30 = 3 ey Fooveecs
Z 25 . I
o % bote’
o 20 Tt
E - un.,....-. .
g 15 - / -\
%) v : . .
1 — - \ | \ .
5 " .-
\\- C T oam ¢ ew \" - -
0 il
O P PSP S P D el S A TSR g QT o W
¥ I S SV P PGS QI I v v N2 VY
FOaaRaiagosaaluiaoafoioiioloioouiuoRotuse
N AN \ Y ) N N X © AN AN
ﬁﬁ?”ﬁ”ﬁ’ﬁ?’ﬂ?@’i‘@%’ﬂ’@ﬂ?ﬂ"ﬁ’ﬁi"ﬁﬁ?’ﬁ@@ﬂ'ﬁ

Time in Dates
= o CEAeeees ProGRP == CY211

Changes in tumor serum levels during patient’s clinical course. In this figure, the fluctuations in tumor serum levels are illustrated, representing
the changes observed throughout patient 1's clinical course. (The concept is adapted from Zeng et al's research in Cancer Drug Resistance

2021;4:1019-27).
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Mutations detected at different time-points from tissue or liquid biopsies in patient’s. This figure presents the mutations identified at various time-
points through tissue or liquid biopsies in the patient. The concept is adapted from Zeng et al's study in Cancer Drug Resistance 2021;4 : 1019-27.

Discussion

The concurrent presence of BRAF V60OE and EGFR-
TKI resistance mutations poses a significant challenge
in the treatment of advanced NSCLC. However, emerg-
ing evidence suggests that a promising therapeutic
approach may lie in the combination of dabrafenib, tra-
metinib, and osimertinib. This triple therapy has demon-
strated remarkable efficacy in overcoming resistance and

achieving meaningful clinical responses. Dabrafenib
and trametinib, BRAF and MEK inhibitors respectively,
effectively target the BRAF V600OE mutation, leading to
inhibition of the MAPK pathway and subsequent tumor
regression [25].

A non-comparative, open-label international multi-
center trial called BRF113928 demonstrated an over-
all response rate of 63% for the combination therapy
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Table1 Overview of literature for osimertinib-induced BRAF V600 mutation with the reported efficacy and treatment toxicities
Mutation profile Best
Baseline EGFR at resistance to Dose overall  Progression- Adverse effect
Author Cases mutation Previous treatment osimertinib Treatment Initial dose adjustment response free time (grade)
Huang 65 male EGFR 19del Gefitinib—Osimertinib EGFR 19del/ D+T+O D:150 mgbid Not need SD >7.4months Diarrhea(G1)
etal T790M T:1 mg qd Aronychia(G1)
BRAF V600E 0:80 mg qd
Solassol 68 EGFR 19del Chemo- Afatinib-chemo— EGFR 19del/ D+T+O D:150mgbid Not need SD 6 months NR
etal female ICI-Osimertinib— T790M T:2mg qd
chemo+anti-VEGF BRAF V600E 0:80 mg qd
Ding etal 63 male EGFR 19del Gefitinib—~Osimertinib EGFR 19del/ D+T+O D:1560mgbid Not need SD 9 month Pyrexia(G1-2)
T790M T:2mg qd Arontchia(G1-2)
BRAF V600E 0:80 mg qd
Zhou etal 69 male EGFR L858R Post-operative recurrence, EGFR L858R/ D+T+0O D:150mgbid Not need PR >2 months Rash(G2)
gefitinib~chemo— T790M T:2mg qd Decreased
osimertinib~chemo BRAF V600E 0:80 mg qd apptite(G2)
Meng P1:56 P1:EGFR 19del  P1:Gefitinib—~osimertinib P1:EGFR 19del  P1: P1/P2: P1:discontiuation / P1:6 weeks  P1:Pneumonitis
etal female P2:EGFR 19del  P2:Afatinib—osimertinib BRAF V600E D+T+0O D:150mgbid P2:D:50 mgbid PR P2:13.4 P2:Pyrexia(G2)
P2:66 P2:EGFR 19del/  P2: T:2 mg qd T:0.5 mg qd months Nausea,vomiting
male T790M D+T+0O 0:80mgaqd 0:80 mg qd
BRAF V600E
Ribeiro 50 EGFR 19del Erlotinib—Osimertinib+S- EGFR 19del/ D+T+0O D:75mgbid D:150 mg bid PR 8 months Pyrexia,nausea
etal female BRT-chemo+ICl-chemo T790M T:1 mg qd T:2 mg qd dysgueusia(G1)
BRAF 0:80mgqd  0:80mgqd Fatigue(G1-G2)
V600E,PIK3CA (Not succeed)
mutation
Mauclet 60 EGFR 19del Chemo+WBRT-ICl- EGFR 19del/ D+T+0O D:150mgbid D:75 mg bid PR 7 months Increased creatine
et al female erlotinib—osimertinib T790M T:2 mg qd T:1 mg qd kinase(G3)
BRAF V600E 0:80mgqd  0:40 mgqd Pyrexia(G2)

This table provides a summary of various literature sources that have investigated osimertinib-induced BRAF V600 mutation. It includes information on the effectiveness
of the treatment (efficacy) as well as the adverse effects and side effects experienced by patients during the course of the treatment (treatment toxicities). The table
serves as a comprehensive reference for understanding the outcomes and potential risks associated with osimertinib in relation to the specific BRAF V600 mutation.
Specific combination regimen, efficacy and toxicity of osimitinib-induced BRAF V600 mutations have been reported in the literature. (Concept adapted from Zeng et al.
Cancer Drug Resist 2021;4 : 1019-27).

D, dabrafenib; O, osimertinib; T, trametinib.

Table 2 Patients were followed up for the efficacy and toxicity of the combination therapy

Baseline Mutation profile Best
EGFR Previous at resistance to Dose overall Progression- Adverse effect
Cases mutation treatment osimertinib Treatment Initial dose adjustment response free time (grade)
66 male EGFR Gefitin- EGFR L858R D+T+0O D:150 mg bid D:75mgbid PR >13months Pyrexia(G2)
L858R ib-~chemo- BRAF V600E T:2 mg qd T:2 mg qd Rash(G1)
Osimertinib 0:80 mg qd 0:80 mg qod Fatigue(G1)
Nausea(G1)
56 female EGFR Gefitinib— EGFR T790M D+T+0 D:150 mg bid  D:100 mg bid SD 6 months Fatigue(G2)
19del Osimertinib BRAF V600E T:2 mg qd T:1 mg qd Pain(G2)
0:80 mg qd 0:80 mg qod
79 female EGFR Osimertinib— EGFR L858R D+T+0O D:75 mg bid Not need - 1 month Fatigue(G2)
T790M  Chemo+IClI BRAF V600E T:2 mg qd Pain(G3)
0:80 mg qod Nausea(G1)
61 male EGFR Osimertinib EGFR L858R D+T+0 D:150 mg bid Not need PR >5 months Rash(G1)
19del BRAF V600E T:2mg qd Fatugue(G1)
0:80 mg qd
77 female EGFR Gefitinib— EGFR L858R D+T+0O D:100 mg bid D:75 mgbid PR 18 months Pyrexia(G2)
19del Osimertinib BRAF V600E T:2mg qd T:2 mg qd decreased
0:80 mg qd 0:80 mg qod appetite(G2)
Fatigue(G2)
67 female EGFR Gefitinib— EGFR L858R D+T+0 D:100 mg bid Not need PR 14 months Diarrhea(G1)
L858R Osimertinib BRAF V600E T:2mg qd Rash(G1)
0:80 mg qd Fatigue(G1)
68 female EGFR Osimertinib EGFR L858R D+T+0 D:150 mg bid D:75mgbid PR 20 months Pyrexia(G2)
L858R BRAF VB0OE T:2 mg qd T:2 mg qd decreased
0:80 mg qd 0:80 mg qod appetite(G1)
Rash(G1)

This table presents data related to patient follow-up during a combination therapy study. It includes information on the effectiveness of the combination therapy in terms
of its efficacy (how well it achieved the desired treatment outcomes) and any observed toxicity (side effects or adverse reactions) experienced by the patients during the
follow-up period. The table provides valuable insights into the performance and safety of the combination therapy in a clinical setting.

Efficacy and treatment toxicity of our hospital patients with osimertinib-induced BRAFV600 mutations.

D, dabrafenib; O, osimertinib; T, trametinib.
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of dabrafenib and trametinib, with response durations
of 6 months or longer observed in 64% of responders
[22]. These promising outcomes led to the approval
of dabrafenib and trametinib by the Food and Drug
Administration in 2017 for the first-line treatment of
metastatic NSCLC patients carrying the BRAFV600E
mutation. An updated phase 2 study (NCT01336634)
revealed encouraging efficacy of dabrafenib plus tra-
metinib as a second-line treatment, with a median
progression-free survival of 10.2 months and a median
overall survival of 18.2 months [24].

In our seven cases, the majority of patients responded
well to the combination therapy, with 5 out of 7 patients
achieving a progression-free survival (PFS) time of 6
months or longer. The objective response rate (ORR)
reached 71.4%, and the median PFS reached 11 months.
In addition to our own cases, we observed an ORR of
50%, with a PFS of 6 months or more in 75% of the eight
patients in Table 1.

However, there have been no clinical trials conducted
to verify the efficacy and safety of EGFR/BRAF/MEK
co-inhibition in patients with EGFR exon 21 (E21)
and BRAFV600E mutations after osimertinib treat-
ment. Although this combination therapy demonstrates
promising efficacy, it is essential to consider potential
toxicities

In our seven cases, all 7 patients experienced adverse
effects (AE), including fever (3/7), diarrhea (1/7), rash
(4/7), fatigue (6/7), loss of appetite (2/7), nausea (2/7), and
pain (2/7). Most adverse reactions were mild and were
well tolerated after adjusting the drug dosage, and only
one patient died within 1 month of the combination
treatment. [t is important to note that this patient’s death
was not caused by the drug but rather by the develop-
ment of her poor condition and overall physical state, as
she had undergone multiple therapies prior to the combi-
nation treatment. In addition to our own cases, AE were
experienced by eight patients (87.5%), including fever
(4/8), nausea (2/8), nail inflammation (2/8), skin rash (1/8),
fatigue (1/8), reduced appetite (2/8), vomiting (1/8), diar-
rhea (1/8), altered taste sensation (1/8), pneumonitis (1/8),
and elevated creatine kinase levels (1/8). AE was mild.

Overall, whether reported in other studies or in our own
case, the combined use of osimertinib, dabrafenib, and
trametinib in patients with osimertinib resistance has
shown significant benefits. By assessing patients’ physi-
cal status prior to combination therapy and closely mon-
itoring them during treatment, adverse reactions can be
managed with symptomatic treatment or adjustments to
the dosage and frequency of drugs, effectively controlling
the corresponding toxic side effects.

Furthermore, we found that fever occurred early in the
treatment and was associated with a longer PFS in these
cases. As depicted in Table 1, patients with fever (55.6%)

tended to have a longer PFS (average PFS: 8.4 months,
ranging from 4.7 to 13.4 months) compared to those with-
out fever (average PFS: 4.2 months, ranging from 1.5 to
7.4 months). In our case, three out of the seven patients
experienced varying degrees of fever, and febrile patients
(42.9%) tended to have a longer PFS (average PFS: 17
months, ranging from 13 to 20 months) than those with-
out fever (average PFS: 6.5 months, ranging from 1 to 14
months). Although the connection between fever and
clinical outcomes remains unclear, there appears to be a
tendency towards extended PFS in patients with fever
in our case and in previously reported cases. Further pro-
spective clinical trials with larger sample sizes are needed
to explore the association between fever and clinical
outcomes.

Accurate identification of genetic alterations is crucial for
patient management, quality of life, prognosis, and under-
standing the mechanisms of different therapies. In this
case, multiple genetic tests guided the long-term treat-
ment management. However, when the patient devel-
oped resistance to gefitinib, no targeted driver mutation
was found in the peripheral blood. Consequently, the
treatment was switched to chemotherapy, and a liver
biopsy was performed, revealing the presence of BRAF
mutation. Subsequently, an EGFR 21 del mutation was
identified through a lung biopsy, although no targeted
driver mutation was found in the peripheral blood NGS
test. This discrepancy may be attributed to the higher
sensitivity of genetic tests derived from tumor tissues.
However, despite the identification of these mutations,
the patient experienced rapid disease progression and a
short duration of response to treatment. This rapid pro-
gression with osimertinib in this case could be attrib-
uted to the presence of other undetected resistance
mechanisms.

T'he primary manifestation of progressive disease in this
patient was lymphangitis carcinoma of the lung, which
posed challenges for tumor tissue biopsy. Liquid biopsy,
such as peripheral blood and pleural effusion analysis,
may be a better alternative as it can capture tumor het-
erogeneity and clonal diversification [26]. Monitoring the
dramatic change of the driving mutation through circulat-
ing free DNA tests has been emphasized in several stud-
ies [27,28]. Therefore, liquid biopsy and tissue genetic
analysis complement each other, and the selection of
the appropriate sample type, method, and platform
plays a vital role in the accuracy of precision medicine,
particularly for patients experiencing drug resistance.
Furthermore, a study suggested that serum CEA deter-
minations are a feasible and noninvasive option for
monitoring and prognosis [29]. Consistent with previous
findings, the change in serum CEA, in this case, remained
consistent with the anti-tumor response.

In conclusion, the combination therapy of osimertinib,
dabrafenib, and trametinib shows promise as a targeted
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therapeutic option for patients with advanced NSCLC
harboring both BRAF V600E and EGFR mutations.
"This treatment approach offers impressive efficacy while
considering the importance of genetic testing, treatment
monitoring, and the management of potential adverse
events. Further prospective clinical trials with larger
sample sizes are warranted to validate these findings and
explore the long-term outcomes and potential applica-
tions of this therapeutic strategy.
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