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Abstract: Anaplastic thyroid cancer (ATC) is a rare but lethal thyroid cancer. Dabrafenib and trametinib has been
the standard treatment for the patients with BRAF mutation based on phase Il study. This study aimed to exam
the impact of dabrafenib and trametinib in ATC patients. ATC patients treated in three institutes in Taiwan were
retrospectively reviewed. The clinical features, BRAF status, and survivals were collected. Multivariate analysis was
performed to determine the independent prognostic factors. A total of 44 ATC patients were enrolled in current
study. Twelve (50%) out of 24 detected patients had BRAF VEOOE mutation and eleven received dabrafenib and
trametinib treatment. Patients treated with dabrafenib and trametinib had longer overall survival (OS) than the
patients without treatment with dabrafenib and trametinib (median OS: 10.4 months vs. 3.3 months, P=0.05).
The objective response rate was 81.8% and progress-free survival was 7.4 months. Multivariate analysis identified
prior surgery, treatment with dabrafenib and trametinib and metastasis to lung, brain, and bone were significant
prognostic factors for OS. The benefit of prior surgery was significant in patients receiving dabrafenib and trametinib
(P=0.017) rather than those without dabrafenib and trametinib (P=0.067). The current study provides the real-world
evidence that targeted therapy with dabrafenib and trametinib was effective and significantly improved the OS for
ATC patients. The role of prior surgery became important in the era of targeted therapy. Future studies should focus
on resistance mechanisms and combination with immunotherapy for ATC patients.
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Introduction

Thyroid cancer accounts for about 3% of all
malignant cancers [1], and anaplastic thyroid
cancer (ATC) is even rare. ATC only accounted
from 1.3% to 9.8% of all thyroid cancers based
on various studies in different areas [2], but it
is the most lethal thyroid-derived tumor with a
disease-specific mortality of approaching 100
percent. The median overall survival of all ATC
is only 4-6 months, and one-year survival rate
is only 44% even in resectable disease [3].
Previous studies worked hard on improving
the survival, by improving surgical techniques,
radiotherapy design, and development of medi-

cations [4-6], however, the treatment outcomes
of ATC remained unsatisfied. In addition, sever-
al prognostic factors were also identified includ-
ing age, leukocytosis, acute symptoms, disease
stage, tumor size, prior surgery, prior radiother-
apy, and chemotherapy in previous studies [4,
7, 8.

BRAF mutation was commonly found in thyroid
carcinoma, and the prevalence of BRAF muta-
tion was reported to be 35-40% in ATC [9].
BRAF mutation activates the mitogen-activated
protein (MAP) kinase pathway including down-
stream proteins called MEK and ERK. The acti-
vation of ERK finally leads to cell proliferation
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and oncogenesis of thyroid tumor [10]. Dabra-
fenib and trametinib are tyrosine-kinase inhibi-
tors (TKls) against BRAF V60OOE and MEK1/2
respectively. Combined use of both drugs has
demonstrated promising effects on several
cancers with BRAF mutation, including mela-
noma [11], lung cancer [12], and ATC [13]. The
use of dabrafenib and trametinib in ATC was
approved based on a phase 2 study with single
arm [13], however, the impact of this combina-
tion on clinical practice had not been well eval-
uated. Our study aimed to retrospectively ana-
lyze the impact of dabrafenib and trametinib for
BRAF mutated ATC in real world practice and
the prognosis factors of ATC with or without this
combination of dabrafenib and trametinib.

Materials and methods

Patients diagnosed of ATC from 2000 to 2020
were enrolled in three hospitals in Taiwan
(Linkou Chang Gung Memorial Hospital, Na-
tional Taiwan University Hospital, and National
Taiwan University Hospital Hsin-Chu Branch).
The diagnosis was made by either surgical
resected tissue or core-needle biopsy. Patients’
characteristics including age, gender, disease
stage, metastatic sites, treatments (such as
prior surgery, prior radiotherapy, etc.), and sur-
vival status were retrospectively collected for
analysis of clinical prognostic factors. Prior sur-
gery and radiotherapy indicated local treatment
performed before starting targeted therapy of
dabrafenib and tremetinib.

The mutations of BRAF V60OOE were detected
by either immunohistochemical stain (IHC)
using VE1 antibody, polymerase chain reaction
(PCR), and/or next-general sequencing (NGS).
The patients may undertake more than one
test.

Progression free survival (PFS) was defined
from the date of receiving dabrafenib and trem-
etinib to the date of death or disease progres-
sion evaluated by image study. Overall survival
(0S) was defined from the date of diagnosis to
the date of death or last following-up. The asso-
ciation between variables and OS was calcu-
lated using univariate Cox proportional hazards
model. If the variables were statistically signifi-
cant (P<0.10), they were included in the follow-
ing multivariate analysis. The survival curve
based on variables were analyzed by Kaplan-
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Meier method, and the log-rank p value was
presented. Hazard ratio (HR) was calculated
using Cox proportional hazards model and pre-
sented along with 95% confidence interval (C.1.)
and p value.

IBM SPSS Statistics for Windows (Version 22.0,
Armonk, NY, USA) was used to perform all sta-
tistical analyses, and P<0.05 was consider-
ed significant. Survival curves were plotted by
SPSS.

This study was approved by Institutional Re-
view Boards of Chang Gung Medical Foundation
(202100148B0) and National Taiwan University
Hospital (202105037RINA).

Results

The baseline characteristics of 44 ATC patents
based on dabrafenib and trametinib treatment

A total of forty-four patients with pathologi-
cally confirmed ATC were enrolled. Until May of
2021, the median follow-up time was 3.6
months ranged 0.3-22.1 months. The median
age was 75.2 years old. Female were more
than male patients (56.8% vs. 43.2%). Most
patients had good or intermediate performan-
ce status (PS0-2 of 77.3%), no previous history
of differentiated thyroid cancer (de novo ATC:
79.5%), and distant metastasis disease when
ATC was firstly diagnosed (stage IVc: 65.9%).
There was no statistical difference of baseline
characteristics between patients who received
dabrafenib plus trametinib and patients who
did not (Table 1).

Twenty-four out of 44 (54.5%) patients received
examinations for BRAF status. Twenty patients
did not check BRAF mutation because of finan-
cial concerns (BRAF study was not reimbursed
by Taiwan National Health Insurance). Regard-
ing the methods to detect BRAF VBOOE muta-
tion, 4 were done by IHC, 15 were done by PCR,
and 4 were done by both IHC and PCR. Only one
was done by both PCR and NGS. Positive BRAF
V600E mutations were found in 2, 8, 2, and O
by IHC, PCR, IHC plus PCR, and PCR plus NGS
respectively and only 2, 6, 2, and O patients
received dabrafenib plus trametinib respective-
ly. The mutation rate was 50% among the
patients undergoing genetic tests. All 5 patients
undergoing more than one detection method
had concordant results (Figure 1; Table 2).
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Table 1. Baseline characteristics of all ATC patients

Al Dabrafepil'o + No Dabraf'er'ﬂb +
(n=44) Trametinib Trametinib p
(n=11) (n=33)
Age (years, median, IQR) 75.2 (66.2-80.0) 70.0 (66.6-77.1) 75.4 (66.2-80.6) 0.623
Age N % N % N %
<75 21 A47.7% 6 54.5% 15 45.5% 0.601
>75 23 52.3% 5 45.5% 18 54.5%
Gender
Male 19 43.2% 5 45.5% 14 42.4% 0.861
Female 25 56.8% 6 54.5% 19 57.6%
Performance status
0-2 34 77.3% 7 63.6% 27 81.8% 0.145
34 9 20.5% 4 36.4% 5 15.2%
Missing 1 2.3% 0 0.0% 1 3.0%
De novo ATC 35 79.5% 6 54.5% 29 87.9% 0.018
Prior Surgery 23 52.3% 5 45.5% 17 51.5% 0.728
Prior Radiotherapy 24 54.5% 4 36.4% 20 60.6% 0.162
Stage
IVa 7 15.9% 2 18.2% 5 15.2% 0.606
IVb 8 18.2% 3 27.3% 5 15.2%
IVe 29 65.9% 6 54.5% 23 69.7%
Metastasis
Lung 24 54.5% 5 45.5% 19 57.6% 0.484
Bone 6 13.6% 1 9.1% 5 15.2% 0.612
Brain 2 4.5% 0 0.0% 2 6.1% 0.403
Others 5 11.4% 2 18.2% 3 9.1% 0.411
A BRAF mutation status B Detection methods of BRAF mutation

®m Not checked m Wild type = Mutation m|HConly ®=PCRonly =bothIHCand PCR = both PCRand NGS
Figure 1. The detection of BRAF mutation. A. Of 44 ATC patients, 24 (55.4%) patients had BRAF detection and half of

patients detected had BRAF mutation. B. Of 24 patients with BRAF detection, most patients (62.5%) were detected
by PCR followed by immunohistochemistry (IHC) (16.7%) and IHC/PCR (16.7%).
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Table 2. BRAF mutation status in tested group
(n=24)

Detection method

IHC PCR both IHC both PCR Total
only only and PCR* and NGS*

Positive 2  8# 2 0 12 (50%)
Negative 2 7 2 1 12 (50%)
Total 4 15 4 1 24 (100%)

*All 5 patients undergoing more than one detection methods

had concordant results. #0ne patient was positive for BRAF
mutation but did not receive dabrafenib plus trametinib.

Eleven out of 12 patients with BRAF mutation
received dabrafenib and trametinib treatment.
One did not receive dabrafenib and trametinib
treatment because of financial consideration.
In terms of tumor response, one patient had
complete response, eight patients had partial
response and two patients had progressive dis-
ease resulting in objective response rate of
81.8%. The median PFS and OS were 7.4 and
10.4 months respectively.

The overall OS was 3.9 months (95% confident
interval, C.l., 0.7-7.2 months) among 44 ATC
patients. In univariate analysis, prior surgery
(vs. no prior surgery, hazard ratio, HR: 0.44,
95% C.l.: 0.21-0.91, P=0.027), lung metasta-
ses (vs. no lung metastases, HR: 1.98, 95%
C.l.: 0.95-4.14, P=0.068), bone metastases
(vs. no bone metastases, HR: 2.31, 95% C.I.:
0.87-6.15, P=0.093), brain metastases (vs. no
brain metastases, HR: 4.95, 95% C.l.: 1.11-
21.99, P=0.036), and BRAF mutation with dab-
rafenib plus trametinib (vs. no dabrafenib and
trametinib, HR: 0.40, 95% C.l.: 0.16-1.00, P=
0.050) were prognostic factors associated wi-
th 0S. All the prognostic factors with P<0.10
were included in multivariate analysis. Prior
surgery (vs. no prior surgery, hazard ratio, HR:
0.21, 95% C.l.: 0.09-0.50, P<0.001), lung me-
tastases (vs. no lung metastases, HR: 3.29,
95% C.l.: 1.41-7.69, P=0.006), bone metasta-
ses (vs. no bone metastases, HR: 4.28, 95%
C.l.: 1.35-13.54, P=0.014), brain metastases
(vs. no brain metastases, HR: 13.55, 95% C.I.
2.11-86.86, P=0.006), and BRAF mutation
with dabrafenib plus trametinib (vs. no dab-
rafenib and trametinib, HR: 0.25, 95% C.I.:
0.09-0.67, P=0.006) were still significantly
associated with OS in multivariate analysis
(Table 3).
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The patients with BRAF mutation who received
dabrafenib plus trametinib had better OS than
the patients who did not (median OS: 10.4
months, 95% C.l., 1.6-19.3 months vs. 3.3
months, 95% C.I. 0.0-6.6 months, P=0.05)
(Figure 2A). No difference in baseline charac-
teristics existed between patients treated with
or without dabrafenib and trametinib except
the rate of de novo ATC, as patients who
received dabrafenib and trametinib treatment
had a lower rate of de novo ATC (Table 1). The
patients receiving prior surgery had better OS
(median: 6.5 months, 95% C.I. 2.1-10.8 months)
than the patients without prior surgery (3.2
months, 95% C.l. 0.1-6.3 months, P=0.027)
(Figure 2B).

Among the patients treated with dabrafenib
plus trametinib, the patients received prior sur-
gery had better OS (median OS, not reached,
95% C.I. 0.0-7.7 months) than those who did
not (median OS, 3.5 months, 95% C.l. cannot
be assessed, P=0.017, Figure 3A). Less signifi-
cantly, all patients treated without dabrafenib
plus trametinib, the patients who received prior
surgery (median OS, 5.3 months, 95% C.I., 2.6-
8.0 months) had longer OS than those who did
not (median 0S, 1.2 months, 95% C.I., 0.4-1.9
months, P=0.067, Figure 3B). Among four sub-
groups based on use of dabrafenib/trametinib
and prior surgery, the patients undergoing both
experienced the best overall survival (Eigure
S1).

The efficacy of dabrafenib and trametinib was
further evaluated. One patient had complete
response, and eight patients had partial res-
ponse. The objective response rate (ORR) was
81.8%. The median PFS was 7.3 months (95%
C.l.: 1.6-13.1 months) (Figure 4), median OS
was 10.3 months 95% C.I., 1.6-19.3 months)
(Figure 2A).

Discussion

To our knowledge, this study is the first and
largest real-world experience of ATC including
BRAF mutation status and targeted therapy in
Asia. Most patients were old, female, de novo
ATC, and in advanced stage. The prevalence of
BRAF mutation was 50% in our cohort. The
patients receiving dabrafenib and trametinib
experienced ORR of 81.8%, median PFS of 7.3
months, and median OS of 10.3 months. The

Am J Cancer Res 2022;12(11):5342-5350



BRAF targeting agents in advanced ATC: a multi-institutional retrospective study

Table 3. Univariate and multivariate analysis of ATC patients (n=44)

Univariate analysis

Multivariate analysis

95% C.1. 95% C.1.
HR HR p
lower upper lower upper

Age (>75 vs. <75) 1.45 0.70 3.02 0.321
Gender (Female vs. Male) 1.22 0.59 2.53 0.586
PS (3-4 vs. 0-2) 1.52 0.63 3.68 0.349
De novo ATC 1.28 0.52 3.14 0.594
Prior Surgery 0.44 0.21 0.91 0.027 0.21 0.09 0.50 <0.001
Prior Radiotherapy 0.56 0.27 1.15 0.112
Stage

IVa 1

IVb 0.86 0.25 3.02 0.816

IVe 1.39 0.51 3.77 0.518
Metastatic sites

Lung 1.98 0.95 4.14 0.068 3.29 1.41 7.69 0.006

Bone 2.31 0.87 6.15 0.093 4.28 1.35 13.54 0.014

Brain 4.95 1.11 21.99 0.036 13.55 211 86.86 0.006

Others 0.70 0.23 211 0.530
Dabrafenib/Trametinib 0.40 0.16 1.00 0.050 0.25 0.09 0.67 0.006
A Overall Survival of All Patients B Overall Survival of All Patients

100%4 Treatment 100%4 - Surgery

T |- dabratenibirametin - 1 —no

m | e & Fid g
g 80% ~l . E’;E‘z%"m' g 80% { - yes (censored)
E 0% ] ’ E 70% “L
£ | g L -
- 1 mOS: 104 m 3
e v ey £
% 30% k_; E 30% | -
QO 20% O 20% L

10%-] v 10% L

0% 0%

T T T T
6 9

T T T T T
12 15 18 21 24

Time (months)

Time (months)

Figure 2. The overall survivals for ATC patients based on the use of dabrafenib and trametinib (A) and surgery (B). (A)
The patients with BRAF mutation who received dabrafenib plus trametinib had better OS than the patients who did
not (median OS: 10.4 months, 95% C.I., 1.6-19.3 months vs. 3.3 months, 95% C.I. 0.0-6.6 months, P=0.05). (B) The
patients receiving prior surgery had better OS (median: 6.5 months, 95% C.I. 2.1-10.8 months) than the patients
without prior surgery (3.2 months, 95% C.I. 0.1-6.3 months, P=0.027).

most significant prognostic factors among
all ATC patients were prior surgery, metastases
to bone, brain, and lung, and BRAF mutation
receiving dabrafenib and trametinib. The
patients treated with prior surgery and dab-
rafenib/trametinib experienced excellent OS.

In current study, the positive rate of BRAF
V600E was 50% among the ATC patients under-
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going BRAF mutation detection by either IHC,
PCR or NGS studies. IHC staining using VE1
antibody has been widely used to detect BRAF
mutation with high sensitivity and specificity in
melanoma [14, 15], lung cancer [16] and also
thyroid cancer [17]. The concordance rate was
100% among the samples examined by both
IHC and PCR/NGS although the case number
was limited. Therefore, IHC staining could be a
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Overall Survival of Patients without Dabrafenib plus Trametinib
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Figure 3. The impact of surgery for overall survivals for the ATC patients treated with (A) and without (B) dabrafenib
and trametinib. (A) In patients treated with dabrafenib plus trametinib, the patients who received prior surgery had
better OS (median OS, not reached, 95% C.l. 0.0-7.7 months) than those who did not (median OS, 3.5 months, 95%
C.l. cannot be assessed, P=0.017). (B) In patients treated without dabrafenib plus trametinib, the patients who
received prior surgery (median 0S, 5.3 months, 95% C.I., 2.6-8.0 months) had longer OS than those who did not
(median 0S, 1.2 months, 95% C.I., 0.4-1.9 months, P=0.067, (B)).

Progression Free Survival of Patients Receiving Dabrafenib plus Trametinib
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90%]

—\

80%
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Cumulative Survival Probabilities
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&

by IHC staining and those
patients with such mutation
are suitable for targeted thera-
py with dabrafenib and tra-
metinib. Therefore, the patents
with negative IHC may need
additional sequencing either
by PCR or NGS.

Treatment

(censor

In current study, 11 patients
with  BRAF mutation were
treated with targeted therapy
of dabrafenib and trametinib.
The ORR was 81.8%. The
median PFS and OS were 7.4
and 10.4 months respectively.
The pivot phase Il study dem-
onstrated that ORR was 69%
and all patients undergoing
prior radiotherapy in 16 ATC
patients [13]. The updated

Figure 4. The progression-free survival for the ATC patients treated with dab-
rafenib and trametinib. The median PFS was 7.3 months (95% C.I.: 1.6-13.1
months) for the patients treated with dabrafenib and trametinib.

data showed the ORR was
67%. The PFS and OS were 1.2

rapid and convenient method to detect BRAF
V600E and screen the suitable candidate for
targeted therapy. Of note, IHC only detected
BRAF V600OE rather than BRAF non-V60OE
mutation from experience of melanoma [14,
15]. Therefore, BRAF V600 mutation other than
V600E (most commonly V600OK) may be missed
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and 1.7 years respectively in

27 ATC evaluable patients
[18]. Although the ORR was higher, the PFS and
OS in our study were worse than the pivot study.
The major reason was possibly the clinical trial
enrolling the patients with good PS of 0-1 but in
contrast 36.4% patients in our cohort had PS
>2. In addition, only 36.4% patients undergoing
prior radiotherapy but 100% and 82% undergo-
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ing prior radiotherapy in preliminary and updat-
ed results. The only published real world data
of targeted therapy which was conducted at
The University of Texas MD Anderson Cancer
Center [19], median OS for patients treated
with targeted therapy was 15.7 months, com-
pared with 7.6 months in patients not having
received any targeted therapy, with an adjusted
HR of 0.49. The OS reported was much longer
than other real-world studies [3] possibly due to
the selection bias from referral hospital. In
terms of HR, the crude and adjusted HR were
0.40 and 0.25 respectively in our cohort indi-
cating the critical impact of targeted therapy for
ATC patients.

Prior surgery, dabrafenib and trametinib, and
metastases to lung, bone, and brain were inde-
pendently significant factors for overall survival
among ATC patients. These findings were com-
patible with a retrospective study of 50 ATC
patients in China which reported that distant
metastases, prior surgery, prior radiotherapy,
and tumor residue were the most important
factors affecting the prognosis [20]. However,
above study did not report any genetic study
and targeted therapy.

In a recently published data, the impact of
BRAF mutation in treatment strategy was also
demonstrated. Anastasios Maniakas and his
colleges had retrospectively analyzed 479 pa-
tients of ATC at The University of Texas MD
Anderson Cancer Center [19]. Similar to our
findings, they found that targeted therapy and
prior surgery played important role for improve-
ment of overall survival. In addition, addition of
immunotherapy on targeted therapy provided
more benefit for overall survival. Only one case
in current study received concurrent immuno-
therapy and targeted therapy so the impact of
adding immunotherapy was unknown in current
cohort. The study concluded that the traditional
approaches to ATC should be gradually replaced
by molecular-based personalized therapies
[19].

In previous research, patients with ATC gain-
ed little benefits from prior surgery, even with
more extensive surgeries [5, 21]. Most of the
patients died of asphyxiation of rapid local
recurrence or distant metastases after primary
prior surgery. However, in our study, we found
that those people with BRAF mutation received
dabrafenib plus trametinib would gain greater
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benefits from prior surgery than the without
dabrafenib plus trametinib (Figures 3 and S1).
Therefore, the role of prior surgery may be-
come important in the era with active treat-
ment such as targeted therapy with dabrafenib
and trametinib.

Although targeted therapy largely improved
the survivals in ATC patients with BRAF muta-
tion, unfortunately, most patients experienced
recurrence and died of ATC after variable dura-
tion of response. To understand and overcome
resistance mechanisms, molecular profiling
and preclinical studies are warranted to con-
tinue the progress of treatment for ATC patients.
Patient-derived xenograft (PDX) and cell lines
provide more mechanistic studies in terms of
resistance and should be the future of ATC
treatment [22].

Some limitations exist in our study. First, selec-
tion bias should be considered owning to the
retrospective design. Patients with better per-
formance and less aggressive disease presen-
tation tended to receive more genetic test and
multimodality treatments, though no statistical
significance was found. Second, two patients
with BRAF mutation cannot afford dabrafenib
plus trametinib because of financial issue. And
half of our patients even did not receive muta-
tion study as no targeted therapy in early era.
BRAF mutation tests including IHC, PCR, and
NGS become the standard of care in current
daily practice once ATC is diagnosed. Third, due
to the low prevalence of disease, our sample
size is relatively small. Following investigation
should be done to confirm our findings. In the
future, further preclinical and prospective
investigation with comprehensive genetic pro-
filing is needed.

In conclusion, current study provides the
real-world evidence that targeted therapy with
dabrafenib and trametinib was effective and
significantly improved the survivals for ATC
patients. The role of prior surgery became
important in the era of targeted therapy. Future
studies should focus on resistance mecha-
nisms and combination with immunotherapy
for ATC patients.
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Figure S1. The overall survivals for ATC patients based on the surgery and use of dabrafenib and trametinib.



