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Abstract 
Objectives: Anaplastic thyroid carcinoma (ATC) has a poor survival. The combination of Dabrafenib plus Trametinib (DT) had a significant 
impact in survival of BRAF p.V600E patients. However, durable responses may be compromised by resistance. We aim to present our 
experience with DT in BRAF positive ATC patients and compare the outcomes with usual therapy, and to study tumor molecular 
alterations in the DT group.
Methods: Patients treated between May 2018 and April 2022 in a tertiary referral center, assessed for BRAF status were included. Patients 
were divided in three groups: BRAF p.V600E treated with DT, BRAF wild type (WT) under multimodal therapy (MT), and BRAF WT under 
compassionate care (CC). Response was assessed monthly in the first 6 months and every 3 months afterwards, by RECIST 1.1. Overall 
survival (OS) and progression-free survival (PFS) were estimated with the Kaplan-Meier method and compared with the log-rank test.
Results: Twenty-seven ATC patients were included (DT = 9, MT = 8, and CC = 10). Median OS was 475 days for DT, 156 days for MT, and 39 
days for CC (P < .001). At 12 months, only patients in the DT group were alive (71%). Median PFS was 270 days, in the DT group, compared 
with less than 32 days in BRAF WT (P < .001). No severe adverse events were reported. Molecular profiling showed that in one of the four 
clinical progressions, a pathogenic NRAS mutation was found.
Conclusions: Our results show a significant real-world efficacy of Dabrafenib plus Trametinib in both survival and recurrence compared with 
standard treatment, with a good safety profile.
Keywords: anaplastic thyroid cancer, targeted therapy, drug resistance, Dabrafenib, Trametinib, molecular profiling

Significance

Dabrafenib and Trametinib combination was recently approved by the FDA for anaplastic thyroid cancer. Our study, in a 
consecutive population of ATC patients, showed that in the BRAF p.V600E population (33%) it provides fast symptom 
control and significant survival benefit, in both localized and metastatic disease with minimal toxicity. This was achieved 
in a rapidly progressive disease, in an aged population (median 77 years old) with a fast BRAF screening and treatment ini-
tiation. The identification of resistance mechanisms, such as RAS mutations, may be useful to optimize treatment decisions 
both at start of therapy and at clinical resistance. This is the first European real-world study that shows the feasibility of this 
approach in an unselected population of ATC patients.

Introduction
Anaplastic thyroid carcinoma (ATC) is a highly aggressive and 
undifferentiated tumor.1–3 ATC molecular alterations include 
MAPK pathway-related genes [RAS (24%–43%), BRAF 
p.V600E (40%–70%)], the PI3K/AKT pathway [PIK3CA 
(10%–18%), PTEN (10%–15%)], TERT promoter 
(TERTp) (65%–75%), and TP53 (60%–80%).4–6

Traditionally, multimodality therapy (MT) with surgery, 
external beam radiation, and systemic chemotherapy, has 
been recommended in patients with good performance status 

and with localized or oligometastatic disease. Nevertheless, 
clinical response is poor with an overall survival (OS) between 
3 and 5 months and progression-free survival (PFS) up to 4 
months.7–9

Strategies targeting angiogenesis with multikinase inhibi-
tors, such as sorafenib and pazopanib, achieved low overall re-
sponse rate (ORR) (up to 10%) and median PFS and OS of 1.9 
and 5 months, respectively.10 Lenvatinib showed an ORR of 
24% and median PFS of 7.4 months in the Japanese 
population.11 Nevertheless, a subsequent study done with a 
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majority of caucasian population (80%) was terminated early 
for low efficacy (ORR of 5%).12

Due to a high prevalence of BRAF p.V600E mutation in 
ATC (40%–70%, depending on the series),4–6,9 targeted ther-
apy was studied with vemurafenib, a BRAF inhibitor, which 
had modest efficacy, with an ORR of 29% (2/7 patients).13

These results suggest the activation of alternative pathways, 
decreasing the efficacy of single BRAF inhibitors.14,15

Other targeted therapies, such as NTRK and RET inhibi-
tors, have also been explored in BRAF wild-type (WT) ATC, 
when NTRK and RET fusions are present (1%–3% of the 
ATC cases).4 Despite good responses, such gene fusions are 
rare, which might limit the number of patients who can benefit 
from them [one ATC patient with RET fusion had a partial re-
sponse (PR) in LIBRETTO-001 and, in another study, 3/7 pa-
tients with NTRK fusions reached PR and stable disease 
(SD)].16–18

In 2018, a breakthrough phase II, open-label basket trial, 
with the BRAF inhibitor dabrafenib (150 mg twice daily) 
plus the MEK1/2 inhibitor trametinib (2 mg once daily) 
(DT) for patients with BRAF p.V600E rare malignancies, in-
cluding ATC patients, reported for the first time an ORR of 
69%, an estimated 12-month OS of 80%, and a PFS of 
79%.19 This led to FDA approval of DT in BRAF 
p.V600-mutant ATC patients, as well as to BRAF p.V600E 
mutation testing and treatment recommendations in updated 
ESMO, NCCN, and ATA guidelines.9,10 More recently, in 
the updated cohort, which included 36 DT-treated patients, 
the ORR was 56%, with a median OS of 14.5 months and a 
median PFS of 6.7 months.20

Nevertheless, patients eventually develop resistance to DT 
therapy,21 as previously described in BRAF mutated melan-
oma,22,23 colorectal cancer,24,25 and non-small cell lung cancer 
(NSCLC).26 The resistance mechanisms can be primary/intrinsic, 
due to the presence of resistant clones, or secondary/acquired, 
which derive from the selective pressure of the targeted ther-
apy.21,27 Resistance mechanisms can also be on-target and off- 
target. On-target resistance has been predominantly described 
in the BRAF gene, that affects the binding of the inhibitors to 
their specific targets, such as BRAF splice variants, amplifica-
tions, dimerization, epigenetic, or overexpression.21,27,28 In a mi-
nority of cases, in melanoma, resistance has been attributed to 
MAP2K1/2 gene mutations,29,30 which encode for MEK1 and 
MEK2, respectively. Off-target resistance mechanisms include 
RAS mutations or in downstream mediators of MAPK, altera-
tions in tyrosine kinase receptors (RTKs), PI3K/AKT/mTOR sig-
naling pathway, and epigenetics, decreasing BRAF signaling 
dependency.23,31 Nevertheless, only approximately half of mel-
anoma and NSCLC patients, studied by whole-genome sequen-
cing, RNA sequencing and comparative genomic hybridization 
(CGH) arrays, had alterations detected at progression.26,32

Recently, BRAF off-target resistance mechanisms in ATCs, 
such as RAS mutations,21,33 RAC1 mutations, and copy number 
variations,34 have been described. However, due to the recent 
introduction of DT in ATC, these resistance mechanisms are 
less well characterized. To the best of our knowledge, only one 
patient series of four ATC treated with DT described RAS muta-
tions at progression (two with KRAS p.G12V and two with 
NRAS p.Q61K).33

We present our experience with DT treatment in nine BRAF 
p.V600E mutated ATC patients and compare the outcomes 
with contemporary ATC patients under multimodal therapy 
(MT) or compassive care (CC). In addition, we evaluated the 

molecular alterations at baseline and during progression 
under DT.

Materials and methods
Patients
This is a retrospective, real-world, single-center (Instituto 
Português de Oncologia de Lisboa Francisco Gentil— 
IPOLFG) study that included all ATC patients treated in our 
department between May 2018 and April 2022. This depart-
ment is the referral center for aggressive thyroid tumors for 
the southern region of the country (approximately 4 million 
people). A special approval was granted for compassionate 
use of DT in BRAF p.V600E cases. IPOLFG Institutional 
Review Board (IRB) approval was obtained before data collec-
tion. ATC diagnoses were confirmed by pathologists dedi-
cated to endocrine tumor pathology.

For DT-treated patients, inclusion criteria were: (i) avail-
ability of adequate tumor tissue for confirmatory BRAF 
p.V600E mutation analysis, (ii) ability to take orally medica-
tion with at least a nasogastric tube (NGT), and (iii) adequate 
organ function.

Treatment strategy
DT group IVB and IVC patients were started on continuous 
dabrafenib (150 mg twice daily) and trametinib (2 mg once 
daily) preferably in neoadjuvancy (six cases) or after surgery 
and/or radiotherapy (three cases). Treatment was pursued un-
til unacceptable toxicity or death. In the context of lack of 
treatment alternatives, DT was continued during disease pro-
gression if considered to slow progression and/or death (pa-
tient 4). DT was withheld 7 days before and after surgery 
and radiotherapy.19

Patients on MT were treated with surgery, external radi-
ation, chemotherapy (either carboplatin/paclitaxel or doxo-
rubicin/docetaxel), or lenvatinib after multidisciplinary 
board decision.

BRAF WT patients, who were considered to get no benefit 
from active treatments after multidisciplinary decision, due 
to low performance status, high probability of R2 surgery, to-
tal laryngectomy with significant M1 disease, or who pre-
ferred supportive care, were included in the CC group and 
treated symptomatically, as described in guidelines.9

Response assessment
Neck and chest computed tomography (CT) was performed 
before treatment, every month during the first 6 months and 
every 3 months afterwards. Radiological evaluation was re-
viewed according to RECIST 1.1 by the same expert head 
and neck radiologist. Positron emission tomography (PET)– 
CT using [18F] fluorodeoxyglucose (FDG) (PET/CT) was per-
formed to confirm radiological complete remission.

Treatment efficacy was evaluated by OS, PFS, duration of 
response (DOR), and clinical benefit (CB).

Molecular analyses
Cases and biological samples
The collection of biological samples was performed after the 
written informed consent was given by the patient (27 patients 
with ATC). Nine consecutive BRAF p.V600E ATC patients 
treated with the DT were included. ATC samples, pre-DT 
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(nine patients) and post-DT (two patients) therapy, were col-
lected by surgery and/or biopsy, and were preserved in 
formalin-fixed paraffin-embedded (FFPE) tissue blocks. For 
molecular analysis, an expert pathologist selected regions con-
taining >90% tumor cells.

BRAF p.V600E mutational testing
All 27 ATC cases were initially analyzed for BRAF p.V600E 
mutation by automated real-time PCR, using the Cobas® 

4800 System (analytical sensitivity ≥95%). Later, in the 
ATC BRAF positive subgroup, BRAF p.V600E was confirmed 
by next-generation sequencing (NGS), as described below.

DNA and RNA extraction from FFPE samples
Nucleic acid extraction from FFPE thyroid tumor samples was 
performed using Maxwell® RSC Instrument, as detailed in 
Material and Methods section of Supplementary Data.

Next-generation sequencing
NGS analysis was performed in the BRAF positive (p.V600E) 
ATC samples, from the 9 patients who underwent DT therapy, 
using the AmpliSeq™ for Illumina Focus Panel, a 52 genes 
panel, which allows the analysis of SNVs, indels, and gene fu-
sions (Table S1), in an Illumina MiSeq™. With a minimal 
coverage of 500×, the used methodology allows, with a sens-
ibility >95%, a detection limit of 5% in the analyzed DNA. 
Bioinformatic analysis is detailed in Material and Methods 
section of Supplementary Data.

Polymerase chain reaction
Polymerase chain reaction (PCR) was performed using the 
Platinum Taq DNA polymerase High Fidelity protocol, as de-
scribed in Table S2.

Automated Sanger sequencing
Sanger sequencing was used to confirm some variants identi-
fied by NGS and to sequence specific genes (TERTp, RAC1, 
and PTEN). The sequencing products were analyzed in a 
Genetic analyzer 3500 sequencer, and examined with 
Variant Reporter v3.0 software, as detailed in Material and 
Methods section of Supplementary Data.

High-resolution comparative genomic hybridization
High-resolution comparative genomic hybridization 
(HR-CGH) analysis was performed in patient 4’s recurrence 
sample, as previously described.35

For image acquisition and analysis, a Zeiss Epifluorescence 
microscope, linked to a Cytovision HR-GCH software 
(Cytovision version 7.4; Leica Biosystems, Richmond, VA, 
USA), was used.

Statistical analysis
Results were presented as frequencies and, in the DT group, 
differences in target lesion from baseline at 1 month and 
best tumor response were evaluated by Wilcoxon test. Total 
survival, OS, PFS, and DOR were estimated with the 
Kaplan-Meier method and compared with the log-rank test. 
Statistical analysis was performed with SPSS v22.

Results
Following real-time PCR analysis for BRAF p.V600E, the 
ATC cohort (n = 27) was divided in three groups: BRAF 
p.V600E patients, who underwent DT therapy (n = 9), 
BRAF WT treated with MT (n = 8), and BRAF WT, who 
underwent CC (n = 10). Groups’ clinical characteristics are de-
tailed in Table 1.

In the DT group, the median age was 77 years (56–83), 5 pa-
tients were stage IVC (lung = 5, pleura = 1, bone = 1) and pre-
sented with a median primary tumor size of 7.4cm (6.3– 
8.4 cm). Six patients were treated with neoadjuvant intention 
after which three underwent total thyroidectomy and defini-
tive radiotherapy, one underwent definitive radiotherapy 
and two progressed under DT. Three patients, who started 
DT after R1/R2 surgery, were being treated for persistent dis-
ease: two for metastatic lung disease (patient 1 after R1 sur-
gery and definitive radiotherapy and chemotherapy with 
doxorubicin and docetaxel, and patient 9 after R2 surgery), 
and the third (patient 2) for rapid locoregional progression 
after R2 surgery and definitive radiotherapy. In these three pa-
tients, the ATC diagnosis was made in the surgical specimen.

Patients in the MT group had a median age of 62 years (49– 
80), 5 were stage IVC (lung = 5 and bone = 1) and had a me-
dian primary tumor size of 7.7 cm (5.8–9.1 cm). Multimodal 
treatment included surgery (5/8), definitive radiotherapy (5/ 
8), and systemic chemotherapy (combination doxorubicin/do-
cetaxel in five patients, carboplatin/paclitaxel in two patients, 
paclitaxel in one patient and lenvatinib in two patients).

Treatment efficacy
Treatment outcomes are detailed in Table 2. At the data cutoff 
(April 30, 2022), the median follow-up (days) of the DT group 
was 530 (range 88–1060) compared with 96 (MT) and 24 
(CC).

In the DT group, a rapid improvement of the compressive 
symptoms (median 3.5 days, range 3–5 days) and of the me-
dian size of the target lesion during the first month (7.2– 
4.8 cm) (33% reduction, P = .012) was observed. At best CT 
evaluation, median target lesion size further decreased to 
3.9 cm (50% reduction, P = .028). Therapy was well tolerated 
with no discontinuation due to adverse events. Patient 1 had a 
dabrafenib dose reduction to 225 mg day−1 due to recurrent 
fever, seven patients (78%) reported a grade 1 adverse event 
(fever and hypertension in three, fever in two, and hyperten-
sion in two) and patient 7 had no symptoms.

Median survival (days) since diagnosis was 537 in the DT 
group, 184 in the MT, and 39 in the CC group (P < .001; 
Figure 1A). OS (days) was 475 (DT) vs 156 (MT) and 39 
(CC) (P < .001; Figure 1B). At 12 months, only patients in 
the DT group were alive (71%). Median PFS (days) was 270 
in the DT group vs 32 in the MT (in the CC group all patients 
progressed) (Figure 1C). DOR was 215 days in the DT group 
and 0 days in the MT due to quick progression (Figure 1D). At 
3- and 6-month time points, the ORR and CB were 78% and 
50% in the DT group, and 12.5% and 0%, respectively, in the 
multimodal group.

Tumor mutational profiling through NGS and 
Sanger sequencing
Results of NGS mutational profiling of ATC samples from the 
nine patients treated with DT are described in Table 3 (and 
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detailed in Table S3). All ATC samples from the nine patients 
had BRAF p.V600E and TERTp mutations [C228T (c.−124C 
> T) or C250T (c.−146C > T)] (100%). In 5/9 cases (55.5%), 
TP53 mutations were detected, and had a predicted heteroge-
neous impact in the protein function: loss of function in 4/5 
mutations (80%) and gain of function in 1/5 mutations 
(20%). In patient 2, an additional mutation in the MAPK 
pathway, a novel mutation in MAP2K1 (c.358G > C, 
p.E120Q), was detected, which was classified as likely patho-
genic by in silico analysis. Mutations in genes related to the 
PI3K/AKT/mTOR pathway were detected in four cases: 
PIK3CA in 3/4 (patients 2 and 4: PIK3CA c.1633G > A, 
p.E545K; patient 6: PIK3CA c.3140A > G, p.H1047R) and 
MTOR in 1/4 (patient 9: MTOR c.722C > G, p.A1459D).

Four patients (patients 3, 4, 6, and 8) had progressive 
disease, and in patients 3 and 4, who had surgery after neoad-
juvant DT, tissue samples were obtained at the time of 

progression. In patient 3, a pathogenic NRAS p.Q61K muta-
tion, which probably represents an acquired off-target resist-
ance mechanism to DT, was detected.25,34 In patient 4, no 
new alterations were observed in the surgical specimen com-
pared with baseline, by NGS, or by Sanger sequencing analysis 
of RAC1 and PTEN genes. No gene fusions in BRAF, ALK, 
RET, and NTRK were detected. However, HR-CGH analysis 
of patient’s 4 post-DT sample revealed a highly aneuploid tu-
mor, showing total and partial gains and losses in chromosom-
al regions where several thyroid cancer-related oncogenes and 
tumor suppressor genes are located (detailed description in 
Results section of Supplementary Data and Table S4).

Discussion
Treatment strategies for a significant number of ATC patients 
have been largely unsuccessful until the use of BRAF/MEK tar-
get therapy in the ROR trial.19,20 In 2020, the MD Anderson 
group further published a retrospective series of 477 ATC pa-
tients, from 2000 to 2019 (56 patients treated with DT), 
which included 20 ATC treated in neoadjuvancy. This study 
showed an important benefit in the OS of these patients, 
who underwent surgery following BRAF target therapy, com-
pared with no surgery (Hazard Ratio 0.29 with 12-month sur-
vival of 94% vs 52%). These results lead to a treatment 
algorithm where BRAF p.V600E positive ATC patients in 
stage IVB and IVC receive BRAF target therapy followed by 
surgery, if feasible.36,37 In 2021, a real-world study of treat-
ment outcomes in ATC from Korea reported that in the 19 pa-
tients in the TKI group, 5 were treated with DT and 
experienced a PR.38

Nevertheless, DT has not yet been approved by EMA and, 
as to the best of our knowledge, no European case series has 
been published.

Here, the results of our real-world experience with DT in 
patients with ATC are presented together with contemporary 
multimodal therapy and compassionate treatment groups. In 
the DT group, patients showed a very fast and significant clin-
ical and radiological response, in a rapidly progressive disease, 
associated with an important increase in meaningful clinical 
endpoints, such as median OS, PFS, and median PFS. These re-
sults were achieved with little toxicity. The chosen treatment 
strategy was based on MD Anderson results, discussed above, 
to start DT in the neoadjuvant setting in all IVB and IVC stages 
as soon as possible,39 which was achieved in most cases (6/9). 

Table 1. Clinical characteristics of ATC patients.

Variable

Group 1 
Compassionated care 

(n= 10)

Group 2 
Multimodal treatment 

(n= 8)

Group 3 
DT 

(n= 9)

Female 5 3 5
Male 5 5 4
Median age at diagnosis in years (range) 85.5 (60–92) 62 (49–80) 77 (56–83)
Stage IVB 3 3 4
Stage IVC 7 5 5
Range of the size of the target lesion (cm) 6.6–9.6 5.8–9.1 6.3–8.4
Median size of the target lesion (cm) 7.7 7.7 7.4
Surgery 0 5 6
Radiotherapy 0 5 6
Systemic chemotherapy 0 5 2
Multikinase inhibitor 0 2 (lenvatinib) 0

ATC, anaplastic thyroid cancer; DT, combined dabrafenib trametinib therapy.

Table 2. Treatment outcomes of ATC cases.

Clinical outcome

Group 1 
Compassionated 

care 
(n= 10)

Group 2 
Multimodal 
treatment 

(n= 8)

Group 
3 

DT 
(n= 9)

Median follow-up (days) 24 96 530
Survival since diagnosis 

(days)
39 184 537

OS (days) 39 156 475
12-month OS (%) 0 0 71a

PFS (days) NA—all  
progressed

32 270

12-month PFS (%) 0 0 43a

DOR (days) 0 0 215
12-month DOR (%) 0 0 43a

Clinical benefit (CB)
30 days (n) 0 2 8
90 days (n) 0 1 7
ORR (CR + PR)
30 days (n) 0 1 7
90 days (n) 0 1 7
Alive at the end of follow-up 

(n)
0 0 5

ATC, anaplastic thyroid cancer; CB, Clinical benefit; CR, Complete 
response; DOR, Duration of response; DT, combined dabrafenib trametinib 
therapy; NA, not available; ORR, Overall response rare; OS, Overall 
survival; PFS, Progression-free survival; PR, Partial response. 
aTwo patients with ongoing responses and under treatment for less than 12 
months.

4                                                                                                                               European Journal of Endocrinology, 2023, Vol. 188, No. 1
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/188/1/lvac011/6979712 by N
O

VA M
ED

IC
AL SC

H
O

O
L user on 27 January 2023

http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvac011#supplementary-data
http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvac011#supplementary-data
http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvac011#supplementary-data


This strategy was made possible due to the fast BRAF screen-
ing and DT approval from the date of ATC diagnosis at our 
institution (less than one week). Nevertheless, three patients 
started DT after surgery, since the pre-surgical diagnosis was 
an aggressive papillary thyroid cancer, and ATC was diag-
nosed subsequently on the surgical specimen.

Molecular analysis demonstrated that all BRAF p.V600E 
mutated ATC patients (33%) had a TERTp mutation 
(c.−124C > T or c.−146C > T). TERTp mutations represent 
a late genetic event and are found at higher frequency in ag-
gressive thyroid cancer cases (65%–75% in ATC).4–6,40–42

The high frequency of TERTp mutations in BRAF p.V600E 
ATC in the present series is in accordance with that reported 
by Landa et al.,4 who found that 14/15 BRAF p.V600E mu-
tated ATC had TERTp mutations (93.3%). However, a recent 
series showed in 123 tested ATC (total cohort 202) a co- 
existence of both mutations in just 38% of BRAF p.V600E 
cases.36 Our results might be due to the small sample size of 
BRAF positive patients. Nevertheless, and despite a reported 
worst prognosis of these two mutations, it has recently been 
demonstrated in an in vitro and in vivo study that this “genetic 
duet” could improve therapeutic sensitivity to BRAF/MEK 
inhibitors.43 This study further suggested that tumor cells har-
boring the two mutations relied on BRAF + TERTp to promote 

TERT-mediated cell survival, and proliferation, through the 
BRAF/MAPK-c-FOS-TERTp axis.43 Consequently, these cells 
are more susceptible to BRAF inhibition, causing tumor cell 
death.43

Molecular analysis also identified mutations in other genes 
related to MAPK and PI3K pathways, which may also have 
a role in DT efficacy.

Regarding other proteins from the MAPK signaling path-
way, we found, in the tumor of patient 2, a novel likely patho-
genic mutation in MAP2K1 gene (p.E120Q), located in the 
kinase domain of MEK1. Despite being present in the kinase 
domain, and possibly contributing to ATC pathogenesis, it 
does not appear to affect trametinib response, as the patient 
has a long-term complete response (CR) (>2 years).

Mutations in the PI3K pathway (PIK3CA or MTOR) were 
present in patients 2, 4, 6, and 9. These mutations could poten-
tially lead to MAPK independence of the tumor, leading to de-
creased apoptosis, increased cell proliferation,44 possibly 
decreasing DT efficacy, as previously described in melanoma 
and colorectal cancer studies.45,46 However, in these four pa-
tients, these PI3K pathway mutations do not seem to have an 
identical role in DT efficacy, particularly PIK3CA mutations, 
detected in refractory cases (patient 4 with early resistance in a 
soft tissue metastasis and patient 6 with PR and progression), 

Figure 1. Kaplan-Meier curves for ATC groups. A, Disease-specific survival since diagnosis; B, overall survival (OS); C, progression-free survival (PFS); 
D, duration of response (DOR). Kaplan-Meier curves of the anaplastic thyroid cancer groups showed that DT treatment promoted an increase of all 
presented parameters.
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but also in patient 2, who had a long term (>2 years) CR. 
Furthermore, patient 9 with MTOR p.A1459D mutation is 
also showing an ongoing PR.

As previously stated, targeted therapy is prone to resistance 
mechanisms. In the four patients who progressed under DT 
(3, 4, 6, and 8), tissue samples at progression were only avail-
able in the two patients who underwent surgery (patients 3 
and 4). While a known pathogenic NRAS p.Q61K mutation33

was found in the post-DT surgical specimen of patient 3, pa-
tient’s 4 sample showed no acquired mutations in the NGS 
analysis. However, CGH analysis in patient’s 4 sample re-
vealed chromosomal gains and losses in regions where thyroid 
cancer-related genes are located. Indeed, the gain of 7p22-q22 
encompasses RAC1 and EGFR genes. EGFR and RAC1 upre-
gulation may represent off-target resistance mechanisms in 
melanoma and thyroid cancer under BRAF inhibitors.23,34

Epigenetic mechanisms, that modulate DNA methylation, his-
tone, and chromatin structure, may also have a role in DT re-
sistance, because they can promote differential expression of 
genes, which could be associated with a decreased efficacy of 
BRAF inhibitors, as observed in melanoma and NSCLC.31

This study has several strengths that support its results: the 
review by the same expert pathologist, the closely (monthly) 
radiological follow-up by the same expert radiologist, the 
long-term follow-up of ATC to assess OS and PFS, the PET– 
CT validation of CR, and two contemporary ATC groups 
that reflect the local practice. An important validation of these 
results is the significant increase in OS and PFS, previously ob-
tained with DT compared with standard care, in the retro-
spective MD Anderson series published in 2022 (56 ATC 
treated with BRAF and MEK directed therapy had an OS of 
26 months compared with an historical OS of <6 months) 
and the prospective ROAR clinical trial (36 ATC with an 

OS of 14.5 months and a median PFS of 6.7 months). This sup-
ports the idea that a fast infrastructure to diagnose and start 
treatment of BRAF positive ATC patients can change their 
natural history in a real-world setting (33% of the ATC ser-
ies). Nevertheless, some limitations, such as the small ATC 
sample size and the small number of tissue samples at progres-
sion for molecular studies, are important to discuss. The first is 
explained by the recent use of DT in these cases (FDA ap-
proved in 2018) and the disease rarity, combined with the 
country’s population of 10 million people (even considering 
the referral of up to 40% of the country’s aggressive thyroid 
cancers to our institution). Regarding the second point, only 
four patients presented disease progression, and, among these, 
there was only access to post-DT samples in two cases (pa-
tients 3 and 4).

In conclusion, this study of closely followed DT-treated pa-
tients shows promising real-world results of the efficacy and 
safety of this therapy compared with standard care.
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