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Background: Oncogenic BRAF mutations are commonly found in advanced differentiated thyroid cancer
(DTC), and reports have shown efficacy of BRAF inhibitors in these tumors. We investigated the difference in
response between dabrafenib monotherapy and dabrafenib + trametinib therapy in patients with BRAF-mutated
radioactive iodine refractory DTC.

Methods: In this open-label randomized phase 2 multicenter trial, patients aged >18 years with BRAF-mutated
radioactive iodine refractory DTC with progressive disease by Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 within 13 months before enrollment were eligible. Patients were randomly assigned to receive
dabrafenib alone or dabrafenib + trametinib. The primary endpoint was objective response rate by modified
RECIST (minor response of —20% to —29%, partial and complete response) within the first 24 weeks of therapy.
Trial Registration Number: NCT01723202.

Results: A total of 53 patients were enrolled. The objective response rate (modified RECIST) was 42% (11/26
[95% confidence interval {CI} 23-63%]) with dabrafenib versus 48% (13/27 [CI 29-68%]) with dabrafenib +
trametinib (p=0.67). Objective response rate (RECIST 1.1) was 35% (9/26 [CI 17-56%]) with dabrafenib and
30% (8/27 [CI 14-51%]) with dabrafenib + trametinib. Most common treatment-related adverse events included
skin and subcutaneous tissue disorders (17/26, 65%), fever (13/26, 50%), hyperglycemia (12/26, 46%) with
dabrafenib alone and fever (16/27, 59%), nausea, chills, fatigue (14/27, 52% each) with dabrafenib + trametinib.
There were no treatment-related deaths.
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Conclusions: Combination dabrafenib + trametinib was not superior in efficacy compared to dabrafenib
monotherapy in patients with BRAF-mutated radioiodine refractory progressive DTC.

Keywords: thyroid cancer, targeted therapy, BRAF, kinase inhibitor

Introduction

DIFFERENTIATED THYROID CANCER (DTC) is a constella-
tion of thyroid follicular epithelial cell-derived cancers
that comprises papillary, follicular, hurthle cell and poorly
DTC (1). Papillary thyroid cancer (PTC) is the most com-
mon histologic subtype (2), and v-Raf murine sarcoma viral
oncogene homolog B (BRAF"%"’%) is the most common
oncogenic mutation in PTC and is present in 60% of cases (2).
The standard therapies for progressive metastatic radioio-
dine refractory DTC include sorafenib and lenvatinib. These
multikinase inhibitors that target angiogenic pathways pro-
long progression-free survival but have several adverse
events (3,4). Consequently, there have been efforts to identify
personalized approaches for these patients, including kinase
inhibitors targeting BRAF'°?’ and its principle downstream
regulator, mitogen-activated extracellular signal regulated
kinase (MEK). In preclinical studies using BRAF"?E.
mutated thyroid cancer cell lines and xenograft tumors,
BRAF and MEK inhibitors (5-7) demonstrated robust on-
target effects and effectively reduced mitogen-activated
protein kinase signaling and inhibited tumor growth (8).

Retrospective and prospective studies of single-agent
BRAF inhibitors such as dabrafenib and vemurafenib in
BRAF"®"E_mutated PTC showed safety and clinical benefit
(9,10). Dabrafenib and MEK inhibitor trametinib combina-
tion therapy is currently approved for use in BRAF'°?’E-
mutated anaplastic thyroid cancer (11), melanoma (12), and
nonsmall cell lung cancer (13).

We conducted an investigator-initiated randomized
phase 2 clinical trial to test the hypothesis that dabrafenib +
trametinib in patients with BRAF-mutant DTC will result
in greater clinical efficacy than dabrafenib alone through
vertical inhibition of the BRAF-mitogen-activated protein
kinase pathway and mitigation of potential mechanisms of
resistance.

Materials and Methods
Patients

Patients aged 18 years or older with BRAF-mutated
(by local testing) DTC were eligible if they had measurable
and progressive disease by the Response Evaluation Criteria
in Solid Tumors (RECIST 1.1) (14) criteria within 13 months
before enrollment. Patients were required to be refractory
to radioactive iodine as defined by: (a) =1 measurable
lesion(s) without radioactive iodine uptake, (b) =1 measur-
able lesion(s) progressive by RECIST 1.1 (14) and/or the
appearance of >1 new lesion(s) within 12 months of prior
radioactive iodine therapy, (c¢) cumulative radioactive iodine
dose of >600 mci, or (d) measurable disease that was Flu-
deoxyglucose (18F) positron emission tomography scan pos-
itive. Patients could have received up to three prior oral
multikinase inhibitors, excluding selective BRAF or MEK
inhibitors.

The full eligibility criteria are available in the protocol
(Supplementary Data). All patients provided written in-
formed consent. The study was conducted in accordance with
the Declaration of Helsinki and local laws. Peer review and
funding for this trial were supported by the National Com-
prehensive Cancer Network. Experimental drugs were pro-
vided by GlaxoSmithKline and Novartis.

Study design and procedures

Patients were recruited from five academic centers in the
United States and randomized 1:1 to single agent dabrafenib
(150mg orally twice daily) or combination therapy with
dabrafenib (150 mg orally twice daily) + trametinib (2 mg
orally daily). Stepwise dose reduction of dabrafenib to 100 mg,
75mg, or 50mg orally twice daily or trametinib to 1.5 mg
or 1 mg orally daily was allowed per protocol to manage
treatment-related adverse events. Patients received treatment
until RECIST 1.1 (14) disease progression, development
of an intolerable adverse event, voluntary withdrawal, or
death. For those randomized to dabrafenib alone, crossover
to dabrafenib + trametinib was allowed upon progression.
Patients deriving clinical benefit from combination therapy
were allowed to continue study treatment beyond RECIST
progression. The period patients were on study treatment
beyond progression was not counted toward the duration of
response.

Pharmacokinetic studies were performed as detailed in
the protocol (Supplementary Data).

Tumor mutational sequencing was performed at baseline
and at progression. DNA was extracted from formalin-fixed
paraffin-embedded (FFPE) tissue scrolls using the Maxwell
16 FFPE DNA Purification Kit (Promega, Inc.) and quan-
titated using pico green on a Qubit (Life Technologies).
Libraries were generated using the KAPA Hyper Kit (Roche
Sequencing and Life Sciences) followed by hybridization
with a custom targeted next generation sequencing panel that
included the coding sequence of 407 commonly mutated
genes in human cancers and the TERT promoter region.
Pooled barcoded libraries underwent 150bp paired-end
sequencing on an [llumina HiSeq 4000 instrument (Illumina,
Inc.) to an average depth of coverage >300x . Raw sequence
reads were processed and aligned to human reference genome
using the Genome Analysis Toolkit (GATK) workflow.
MuTect2 and VarScan 2 were used to identify tumor-specific
variants, and Ensembl Variant Effect Predictor (VEP) was
used to annotate and determine functional consequences of
tumor specific variants.

Outcomes

The primary endpoint was objective response rate by
modified RECIST, defined as the proportion of patients who
had a complete response, partial response, or minor response
within the first six cycles. Complete response and partial
response were defined by RECIST 1.1 (14), and minor
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response was defined as 20-29% decrease in the sum of
diameters of target lesions compared to baseline. With
RECIST progression defined as at least a 20% increase in
tumor measurements compared to nadir, we believe that
20-29% decrease represents true shrinkage that is clini-
cally meaningful and not by chance. Secondary endpoints
included duration of objective response, progression-free
survival, overall survival, tolerability and safety, tumor
mutation screening, and pharmacokinetics (PK) of the ex-
perimental drugs. Survival-related outcomes were measured
from the date of study treatment initiation to the date of the
event (death or disease progression) or the date of last follow-
up. Adverse events were graded according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 (15).

Statistical analysis

This study utilized a flexible screening design developed
by Sargent and Goldberg (16) to evaluate experimental
treatment regimen activity in this patient population and to
screen these regimens for the more promising one to be car-
ried forward to phase 3 studies. Assuming that the true dif-
ferential in the overall response rates between treatment arms
was 0.20 (15% vs. 35%), this study design had a 90% power
to identify the more efficacious regimen. Based on these
assumptions and constraints, 26 evaluable patients were
planned to accrue to each arm to evaluate the regimens under
the parameters specified. As part of this design, we defined
one treatment arm to be more promising than another if the
actual observed overall response rate for each arm differed
by 10% or more, in which case the regimen with the higher
overall response rate would be recommended for further
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testing. If these rates differed by <10%, other factors would
be considered. The objective response (minor + partial +
complete response) rate was estimated for each treatment arm
with the exact binomial 95% confidence intervals (CIs) and
compared between arms using Chi-square test.

The median progression-free survival and duration of re-
sponse were estimated using the Kaplan—Meier method with
CIs and compared using log-rank test. Summary statistics
were calculated for patient demographics and clinical char-
acteristics. Toxicities were summarized by grade as per the
NCI CTCAE v4.0 criteria using frequency and percentage.
Statistical significance was concluded at p-value <0.05.
These analyses were conducted in SAS version 9.04.

Results

A total of 53 patients with BRAF-mutated radioio-
dine refractory progressive DTC were randomly assigned
to receive either dabrafenib monotherapy (26 patients) or
dabrafenib + trametinib (27 patients) (Fig. 1). Baseline
characteristics were similar in both groups (Table 1). PTC
was the most common histology overall (92%). Most patients
(85%) had lung metastases, and most (77%) were systemic
therapy naive. All patients had a BRAF"°*°F mutation except for
one on dabrafenib monotherapy who had BRAFX®°’ mutated
PTC. Of the two patients with hurthle cell carcinoma one had
concomitant papillary microcarcinoma that was BRAF'0%F
mutated and the other had a subclonal BRAF"%?F mutation.

The response and safety data on the 53 patients are re-
ported in this article. At the time of data cutoff for primary
analysis for efficacy, the median duration of follow-up was
22.1 months (range: 1.0-74.0) on dabrafenib monotherapy
arm and 25.0 months (range: 4.3-54.4) on dabrafenib +

Assessed for eligibility (n= 69)

Excluded (n=16)
2 Not meeting inclusion criteria (n=15)
2 Declined to participate (n=1)

A4

Randomized (n=53)

l
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TABLE 1. BASELINE DEMOGRAPHICS AND CLINICAL
CHARACTERISTICS OF 53 PATIENTS ON TRIAL

Dabrafenib  Dabrafenib +

alone trametinib
(N=26), (N=27),

Characteristic n (%) n (%)
Median age in years (range) 60 (37-84) 65 (43-84)
Female 8 (31) 7 (26)
Race

White 25 (96) 24 (89)

African American 0 (0) 2 (7)

Asian 14) 14
ECOG performance status

Oorl 23 (88) 26 (96)

3(12) 14

Histologic subtype

Papillary 25 (96) 24 (89)

Follicular 1 @) 0 (0)

Hurthle cell 0 (0) 2 (8)

Poorly DTC 0 (0) 14
BRAF mutation

V600E 25 (96) 27 (100)

K601E 14 0 (0)
Site of metastases

Lung 22 (85) 23 (85)

Lymph node 10 (38) 15 (56)

Bone 727 3(11)

Liver 2 (8) 2 (7

Other 4 (15) 6 (22)
Prior therapy

Surgery 26 (100) 27 (100)

Radiotherapy 16 (62) 10 (37)

Radioactive iodine 26 (100) 27 (100)

Chemotherapy 0 (0) 1)

Prior tyrosine kinase 6 (23) 5(19)

inhibitor”

(up to 3 allowed)

Dabrafenib single agent and dabrafenib + trametinib upfront
combination. Crossover patients not included here.

#Supplemental Table S1.

DTC, differentiated thyroid cancer.

trametinib. The median duration of treatment was 14.8 months
(range: 0.9-74.0) in patients who received dabrafenib ver-
sus 14.7 months (range: 1.4-50.6) in those who received
dabrafenib + trametinib. Three patients on dabrafenib, one on
upfront dabrafenib + trametinib, and one who crossed over
to dabrafenib + trametinib were still on study treatment. Of the
26 patients randomized to dabrafenib, 14 (54%) crossed over
to combination therapy at progression, of which one patient
remains on study treatment without disease progression.

Of the 53 patients in the intent-to-treat population, 3 [death
from clinical progression (1), dysphagia/stridor (1), enceph-
alopathy (1)] on dabrafenib and 2 [cerebrovascular accident
unrelated to study drugs (1), possible cardiac ischemia (1)] on
dabrafenib + trametinib went off study treatment before first
radiographic response assessment (Supplementary Fig. S1).
Efficacy data are summarized in Table 2, Supplementary
Tables S4 and S5. Protocol-defined objective response
(minor + partial + complete response) rate within the first 6
cycles in the intent-to-treat population was 42% (11/26 [CI
23-63%]) with dabrafenib and 48% (13/27 [CI 29-68%])
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with dabrafenib + trametinib (p=0.67) (Fig. 2). The median
time to response was 1.8 months. There were no complete
responses. Confirmed partial response rate within the first 6
months of therapy was 35% (9/26 [CI 17-56%]) with dab-
rafenib and 30% (8/27 [CI 14-51%]) with dabrafenib + tr-
ametinib.

Median duration of objective response was 18.3 months
[CI 5.0-not reached] with dabrafenib and 17.0 months
[CI 9.7-44.5] with dabrafenib + trametinib (p=0.99). At a
median follow-up of 23.1 months (range: 1.0-74.0), 36 pati-
ents had disease progression or death (17 on dabrafenib, 19
on dabrafenib + trametinib). The median progression-free
survival was 10.7 months [CI 3.8-34.7] with dabrafenib
versus 15.1 months [CI 12.3-37.3] with dabrafenib +
trametinib (p=0.65) (Fig. 3A).

At data cutoff, 14 patients in the dabrafenib arm and 13 in
the dabrafenib + trametinib arm had died. The median overall
survival was 37.9 months [CI 23.4-not reached] with dab-
rafenib and 47.5 months [CI 27.9-57.8] with dabrafenib +
trametinib (p=0.99) (Fig. 3B).

One patient on combination therapy, who had stable dis-
ease within the first 6 cycles, had subsequent confirmed
minor response 8 months into treatment. Eleven patients
(6 on dabrafenib, 5 on dabrafenib + trametinib) had received
prior multikinase inhibitor(s). Of these, 4 (1 on dabrafenib,
3 on dabrafenib + trametinib) had a partial response, and 5
(3 on dabrafenib, 2 on dabrafenib + trametinib) had stable
disease. Overall, stable disease was attained in 38% (10/26)
of patients on dabrafenib and 44% (12/27) on dabrafenib +
trametinib. The only patient with BRAFX%'E mutant PTC
had progressive disease as best response. The patient with
follicular thyroid cancer, on dabrafenib monotherapy, was
not assessable as he died before first radiographic assessment
(death was attributed to disease progression). A patient with
hurthle cell cancer with subclonal mutant BRAFY*?F on
dabrafenib + trametinib had stable disease for 5.7 months
before disease progression. The patient with poorly DTC had
a partial response and remained on upfront dabrafenib +
trametinib for 12.1 months before disease progression.

One-year progression-free survival rate was 50% on dab-
rafenib and 73% on dabrafenib + trametinib (p=0.084).
Among 42 patients who were multikinase inhibitor naive, the
median progression-free survival was 24.5 months [CI 9.5-
not reached] with dabrafenib and 14.9 months [CI 12.3-37.3]
with dabrafenib + trametinib (p=0.48). Of the 11 patients
who had received at least one prior multikinase inhibitor,
the median progression-free survival with dabrafenib was
3.7 months [CI 1.2-7.0] and 18.8 months [CI 3.7-not
reached] with combination therapy (p=0.01).

Of the 14 patients who crossed over at progression from
dabrafenib to dabrafenib + trametinib, 4 (29%) patients had
an objective response (partial and minor response) (Table 2).
Stable disease was noted in 8 (57%) patients, with duration
of stable disease >6 months in two patients. The median
progression-free survival from the start of crossed-over
combination therapy was 7.5 months [CI 2.8-38.5]. Median
overall survival in this subset of patients was 36 months [CI
23.4-not reached] versus 47.5 months [CI 27.9-57.8] in pati-
ents who were randomized to combination therapy at study
initiation (p=0.42).

The median follow-up for adverse events was 14.1 months
(range: 0.9-45.6). By data cutoff for adverse events, any



TABLE 2. EFricacy DATA FOR DABRAFENIB ALONE, DABRAFENIB + TRAMETINIB, AND CROSSOVER

Dabrafenib alone  Dabrafenib + trametinib Crossover
Outcome (N=26) (N=27) p* (N=14)
Best response by week 24
Progressive disease 2 0 2
Stable disease 10 12 8
Minor response 2 5 1
Partial response 9 (35%, 17-56%) 8 (30%, 14-51%) 3
Objective response 11 13 0.67 4
=Partial + minor response (% [CI]) (42% [23-63]) (48% [29-68%]) (29% [8-58%])
Duration of response (MR + PR) (months) 18.3 [5.0-NR] 17.0 [9.7- 44.5] 0.99 16.0 [6.3-25.6]
median [CI]
Duration of partial response 18.3 (4.2-40.6) 24.5 (9.7-NR) 0.53 N
Progression-free survival (months) median [CI] 10.7 [3.8-34.7] 15.1 [12.3-37.3] 0.65 7.5[2.8-38.5]
Overall survival (months) median [CI] 37.9 [23.4-NR] 47.5 [27.9-57.8] 0.99 36 [23.4-NR]

Subjects who progressed on dabrafenib alone and then had the opportunity to crossover into dabrafenib + trametinib arm.

*One patient who crossed over to combination therapy had PR for a duration of 6.3 months. The other two patients were censored at 3.9

and 6.2 months for AEs.
“Dabrafenib versus dabrafenib + trametinib.
“Intent to treat analysis.

AEs, adverse events; CI, confidence interval; MR, minor response; NR, not reached; PR, partial response.

FIG. 2. Waterfall plot demonstrating
tumor response with dabrafenib alone
(shown in blue) and with dabrafenib +
trametinib (shown in red). Each bar
represents a subject. Crossover not included
here.

% change in the sum of target lesions

80+

Treatment Arms

m— Dabrafenib monotherapy
[z brafenib+Trametinib

-100

Total number of patients with at least radiographic response assessment on study =
48 (Dabrafenib monotherapy, n=23, Dabrafenib+Trametinib, n=25)

* patient had progression of disease with presence of new lesion

+ patient had unconfirmed partial response (minor response on subsequent
evaluation)

# patient had best response of stable disease (partial response in target lesions and
progression disease in non-target lesion);

X patient had unconfirmed partial response after 8 months of treatment (confirmed
minor response within the first 6 months)

Y patient had unconfirmed minor response (stable disease followed by unconfirmed
minor response)
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grade treatment-related adverse events were noted in 100%
of patients in each arm and were predominantly grade 1 or
grade 2 (Table 3). Grade 3 treatment-related adverse events
were noted in 15 patients (58%) on dabrafenib versus 13 pa-
tients (48%) on dabrafenib + trametinib. There were no grade 4
or 5 treatment-related adverse events. The number of treatment-
related serious adverse events was greater with dabrafenib +
trametinib (21 vs. 9) (Supplementary Tables S6 and S7).
Among patients who received at least one dose of a study
drug, permanent discontinuations due to adverse events were
reported in 5 of 26 patients (19%) on dabrafenib and 6 of
27 (22%) on dabrafenib + trametinib. Dose reductions were
required in 6 (23%) and 15 (56%) patients, respectively.
Fifteen patients were included in the PK analysis, 7 on
dabrafenib and 8 on dabrafenib + trametinib. One patient on
dabrafenib + trametinib did not have drug levels collected
for cycle 2. PK parameters for first-dose and steady-state
dabrafenib and dabrafenib + trametinib (Supplementary

Table S2) and mean dabrafenib plasma concentration—time
profiles comparing the two arms for first dose and steady state
(Supplementary Fig. S2A, B) and comparing first dose and
steady state in each arm (Supplementary Fig. 3A, B) were
consistent with previously published data (17,18). PK pro-
files of dabrafenib metabolites (hydroxy- and desmethyl-
dabrafenib) are summarized in Supplementary Table S3 and
Supplementary Figure S4. Supplementary Figure S5 depicts
mean plasma concentration-time profiles for trametinib when
given in combination with dabrafenib at first dose and steady
state. Trametinib area under the curve (AUC) was compa-
rable to previous single-dose studies and exhibited accumu-
lation with repeat dosing with both AUC and maximum
concentration (19).

Molecular profiling on 33 tumor samples at time of diag-
nosis using a targeted sequencing panel showed a median
burden of 4 mutated genes (range: 1-9) per patient, including
BRAFY®E  (Supplementary Fig. S6). Expectedly, TERT
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TABLE 3. TREATMENT-RELATED ADVERSE EVENTS (>15%) BY GRADE SEEN WITH DABRAFENIB
ALONE AND DABRAFENIB + TRAMETINIB

Dabrafenib alone (n=26)

Dabrafenib + trametinib (N=27)

Adverse event

Grade 3 (%)

Any grade (%) Grade 3 (%) Any grade (%)

Skin and subcutaneous tissue disorders 14
Fever 2 (8)
Hyperglycemia 3(12)
Anemia 3(12)
Palmar-plantar erythrodysesthesia syndrome 0 (0)
Nausea 0 (0)
Alopecia 0 (0)
Chills 14
Fatigue 14
Hypophosphatemia 2 (8)
Vomiting 0 (0)
Rash maculo-papular 0 (0)
Weight loss 1)
Anorexia 14
Pruritus 0 (0)
Arthralgia 0 (0)
Myalgia 0 (0)
Lymphocyte count decreased 0 0
Headache 0 (0)
Diarrhea 0 (0)
Edema limbs 0 (0)
Aspartate aminotransferase increased 0 (0)
Alanine aminotransferase increased 0 (0)
Alkaline phosphatase increased 0 (0)
Generalized muscle weakness 0 (0)

17 (65) 0 (0) 9 (33)
13 (50) 1 (4) 16 (59)
12 (46) 1(4) 5(19)
11 (42) 0 (0) 8 (30)
11 (42) 0 (0) 6 (22)
11 (42) 1 (4) 14 (52)
11 (42) 0 (0) 0 (0)
11 (42) 0 (0) 14 (52)
10 (38) 1 (4) 14 (52)
9 (35) 3(11) 11 (41)
727 1(4) 6 (22)
7 (27) 0 (0) 4 (15)
7 (27) 0 (0) 0 (0)
6 (23) 0 (0) 9 (33)
6 (23) 0 (0) 3(11)
6 (23) 0 (0) 0 (0)
5 (19) 0 (0) 6 (22)
5(19) 0 (0) 0 (0)
5 (19) 0 (0) 0 (0)
4 (15) 0 (0) 7 (26)
3(12) 0 (0) 5 (19)
0 (0) 1(4) 10 (37)
0 (0) 1 (4) 8 (30)
0 (0) 0 (0) 5 (19)
0 (0) 0 (0) 5 (19)

promoter variants (C228T or C250T) were the most common
co-occurring variants, detected in 26 out of 33 patients
(79%). The only other genes found mutated in =3 patients in
our cohort were CRLF2, NUP93 and SDHA, and STAG2, all
of which are known recurrently mutated genes in PTC.

We were able to characterize molecular patterns during
disease progression for seven patients with paired material
available, of which four patients demonstrated molecular sta-
bility at time of progression, while two patients exhibited
molecular evolution with gains of either 5 or 2 additional mu-
tational gains at progression. One patient on dabrafenib alone
had a clonal shift, with loss of a subclonal POLE mutation and
gain of a new MRE] A splice-site variant at progression, while
another patient on combination therapy acquired mutations in
KRAS and CDKN2C. Another patient who received dabrafenib
monotherapy and was biopsied at progression outside of the
current protocol acquired an activating RAC1 (P34R) mutation
and polyploidy of chromosome 7 with overexpression of RACI
along with other genes (20). Correlative studies with respect to
clinical associations or treatment response were precluded by
the relatively small sample size.

Discussion

Combination dabrafenib + trametinib did not offer statisti-
cally superior objective response rates compared to dabrafenib
alone (48% vs. 42%, respectively, including minor responses,
p=0.67). Objective response rates per RECIST 1.1 were also
similar at 30% and 35% with dabrafenib + trametinib and
dabrafenib, respectively. There was no significant difference
(p=0.65) in median progression-free survival between dabra-

fenib + trametinib (15.1 months) and dabrafenib (10.7 months);
however, this study was not adequately powered to detect a
difference in progression-free survival. The majority (80%) of
our patients was multikinase inhibitor therapy naive, and there
was no difference in median progression-free survival between
dabrafenib and dabrafenib + trametinib in this subset. While the
combination therapy arm had longer median progression-free
survival compared to dabrafenib monotherapy in previous
multikinase inhibitor therapy recipients, this subset constituted
only 19% of all patients, and therefore, this subgroup analysis is
at best exploratory in nature. Of the patients who crossed over to
dabrafenib + trametinib following progression on dabrafenib,
86% (12/14) had either an objective response or stable disease.

The adverse event profile revealed a higher incidence
of skin-related side effects and hyperglycemia with dabra-
fenib and a higher incidence of fatigue, chills, and elevation
of liver transaminases with combination therapy. Contrary
to the expectation, combination therapy had a higher frequ-
ency of serious adverse events than monotherapy.

This is the first prospective randomized clinical trial in ra-
dioactive iodine refractory DTC that evaluates the efficacy of
combination BRAF and MEK inhibition and compares this to
BRAF inhibitor monotherapy. Recognizing the challenges of
cross-trial comparisons, the efficacy of dabrafenib mono-
therapy seen in our study is comparable to earlier studies using
single agent dabrafenib (9) and vemurafenib (10) in BRAF-
mutated radioactive iodine refractory DTC. The lower re-
sponse rate with either regimen compared to that in melanoma
may be explained by upregulation of HER3 and subsequent
reactivation of mitogen-activated protein kinase signaling by
BRAF and MEK inhibitors in thyroid cancer (21).
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The lack of superiority in efficacy of upfront combination
BRAF and MEK inhibitor therapy over BRAF inhibitor
therapy alone in advanced DTC contrasts with efficacy data
in melanoma and nonsmall cell lung cancer, where combi-
nation therapy was significantly favored over BRAF inhibitor
monotherapy (12,22,23). One reason may be that the “‘on-
cogene addiction” of PTC to BRAF°’°F may be greater than
melanoma. This concept may be supported by the relative
genomic stability of PTCs (24), which we also see in our
molecular data of the seven diagnosis/progression pairs,
where 4 out of 7 patients showed disease progression with
identical mutational profiles, and only one patient showed a
minor clonal shift at progression. Thus, these tumors may not
be as capable of mounting alternative mechanisms to support
MEK activation. Another possibility is that the downstream
reliance on MEK is greater in multikinase inhibitor-pretreated
tumors due to clonal pressure from prior treatment. However,
the subset of pretreated patients was too small to make de-
finitive conclusions.

Although dabrafenib and trametinib have not been inves-
tigated in a head-to-head comparison against sorafenib and
lenvatinib, the use of dabrafenib first line might be considered
in a subset of patients with BRAF-mutated PTC. Examples
include patients with tumors invading blood vessels or vital
organs, those with difficult to control hypertension, or with
significant clotting or bleeding tendencies, where use of
strong antiangiogenic agents is problematic.

In summary, both dabrafenib and dabrafenib + trametinib
had encouraging activity in progressive radioactive iodine
refractory BRAF-mutated DTC. Upfront dabrafenib +
trametinib monotherapy was not superior in efficacy to dabra-
fenib monotherapy, and the combination had a higher incidence
of severe adverse events compared to dabrafenib alone. Con-
sidering the similar efficacy and better tolerability, dabrafenib
monotherapy may be the preferred option in clinical practice.
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