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Abstract

Background: BRAFV600E (c.1799T>A) somatic mutation
evaluation in fine needle aspiration biopsies (FNAB) is a pow-
erful diagnostic tool in the settings of papillary thyroid can-
cer (PTC). However, its prognostic value is still a matter of
great debate and has been addressed mostly in retrospec-
tive studies. Objectives: To evaluate whether the somatic
BRAFV600E mutation, assessed by direct sequencing in FNAB
material of thyroid nodules, may correlate with disease per-
sistence in PTC patients. Study Design: We conducted a pro-
spective cohort study investigating 160 PTC patients previ-
ously assessed for the somatic BRAFV600E mutation, and
submitted to total thyroidectomy, with a follow-up of
2-10 years. Patients were matched according to somatic

BRAFV600E mutation (80 BRAF+ and 80 BRAF- patients) and
to the presence (LN+, 40 patients each group) or absence
(LN, 40 patients each group) of neck lymphnode metastases.
Disease persistence was considered according to basal or
TSH-stimulated Thyroglobulin (TG) levels, anti-TG antibod-
ies, neck ultrasound, CT scan where applicable and whole
body scan after radioiodine ablation treatment (RAI). Re-
sults: The presence of the somatic BRAFV600E mutation did
not influence the indication for RAI. None of the enrolled pa-
tients showed disease recurrence or died due to disease-re-
lated causes. During follow-up, disease persistence did not
correlate with the presence of somatic BRAFV600E mutation
both in patients submitted to RAI nor in those treated more
conservatively. Conclusions: The somatic BRAFV600E muta-
tion does not associate with a worse prognosis in low risk
PTCand, in our settings, may not be considered an indepen-
dent risk factor for disease persistence.
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Papillary Thyroid Carcinoma (PTC) incidence is
increasing worldwide; despite excellent prognosis, 30%
of patients may present persistent disease (PoD) or re-
lapse [1-4]. The identification of novel prognostic
markers is a matter of great interest. The somatic
BRAFV600E mutation has a consolidated diagnostic
role [5, 6], but its prognostic role is debatable.
BRAFV600E correlates with many clinical and patho-
logical PTC characteristics associated with high recur-
rence risk (HRR) and worse prognosis [7-12]. The In-
tegrated Genomic Characterization of PTC study [13]
indicates that “BRAF-like” tumours, showing a signifi-
cant gene expression variation possibly accounting for
the uncertainty regarding the prognostic and predic-
tive power of BRAFV600E mutation, are predominant-
ly less differentiated and may display a lower iodine
up-take. A significant relationship was found between
BRAFV600E, decreased disease-free survival rate [14-
16] and increased mortality [17]. Two meta-analy-
ses [12, 18] highlighted the relationship between
BRAFV600E and a higher PoD risk or recurrence. How-
ever, the high prevalence of BRAFV600E (30-80%) and
the not so low recurrence rate (30%) among PTCs [19]
do not rule out the possibility that the association be-
tween these 2 variables may represent a coincidence,
suggesting that they may not depend on each other.
Russoetal. [20] retrospectively showed that BRAFV600E
was not an independent predictor of unfavourable out-
come, discouraging the use of this marker for prognos-
tic purposes. In 185 unselected PTC patients followed
up prospectively for ~5 years, BRAFV600E did not sig-
nificantly associate with PoD/recurrence [21], suggest-
ing the lack of prognostic value for this mutation. An-
other study [22] reported that BRAFV600E did not
significantly correlate with patients (age, gender) or tu-
mour (multicentricity, lymphocytic infiltration, stage)
characteristics, showing a similar recurrence rate in
both mutated and wild type patients. These conclusions
are supported by the results of the most extensive ret-
rospective study in the United States [23], showing the
lack of any significant relationship between somatic
BRAFV600E mutation and recurrence-free survival as
well as disease-specific survival. The retrospective na-
ture of these studies does not allow to possibility to
draw definitive conclusion on the prognostic role of
BRAFV600E somatic mutation. Therefore, the aim of
our study was to prospectively evaluate the possible
correlation between BRAFV600E somatic mutation and
PTC persistence.
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Materials and Methods

Patients

We selected 80 patients submitted to thyroidectomy for PTC
with BRAFV600E somatic mutation, operated on between 2007
and 2014, for a prospective follow-up. This study is in accordance
with the principles set out in the Declaration of Helsinki and in-
formed consent was obtained from the participants to disclose
their personal anonymous information.

A group of 80 patients submitted to thyroidectomy for PTC
without BRAFV600E mutation was selected to match the patients
displaying the mutation concerning gender, age, TNM, histotype.
Each group (BRAF+ and BRAF-) included 40 patients with neck
LN metastases (LN+) and 40 patients without neck LN metastases
(LN-), according to the 8th TNM edition of the American Joint
Committee on Cancer (AJCC) [24]. The 4 groups (BRAF+LN-;
BRAF+LN+; BRAF-LN-; BRAF-LN+) were comparable in terms
of sex, age, histotype and disease stage at diagnosis (Table 1).

Patients underwent a visit 3 months after surgery (Fig. 1) evalu-
ating basal and recombinant human TSH-stimulated thyroglobulin
(TG) levels, anti-TG antibody (ATG) levels, neck ultrasound (US),
whole-body I'3! scan. On the basis of disease stage, patients were
submitted to radioiodine ablation treatment ablation (RAI) with
50-100 mCi. TG and ATG levels were evaluated by the TG Kit
(33860; sensitivity = 0.1 ng/mL) and the TG Antibody II kit
(A32898; sensitivity <0.9 IU/mL) respectively (Beckman Coulter).
Follow-up is detailed in Figure 1. Patients with PoD were followed
up at shorter time-points, depending on the clinical characteristics.

Biochemical PoD was defined when TSH-stimulated TG levels
were >2 ng/mL or ATG were measurable (with undetectable basal
TG levels). Morphological PoD was considered the detection of
pathological LN at neck US, with histological confirmation. Imag-
ing studies (i.e., computed tomography, MRI, whole-body I'*!
scan or FDG-PET) were performed where indicated. Clinical fol-
low-up ranged from 2 to 10 years. Before surgery, all patients un-
derwent US-guided FNAB and aspirates were evaluated for cytol-
ogy and submitted to BRAFV600E somatic mutation analysis as
previously described [25].

Statistical Analysis

The chi-square (x?) test was performed to evaluate the presence
of statistically significant differences among the evaluated groups
in terms of clinical and pathological characteristics and clinical
outcome. The paired Student ¢ test was employed to compare the
mean age. A p value <0.05 was considered significant.

Results

At diagnosis, 85.6% of patients had Stage I disease, in-
dicating a very low risk of disease recurrence (LRR); none
of the evaluated patients displayed disease recurrence
during follow-up. Among the 160 PTC patients, 126 were
submitted to RAI (74LN+ and 52LN-). LN status signifi-
cantly associated with RAI therapy (p < 0.01), indicating
that the choice to submit the patient to RAI was influ-
enced by nodal status. Of these 126 patients, 65 were
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Fig. 1. Study design and follow-up struc- (34 patients) (31 patients) (28 patients)
ture. RAL, radioiodine ablation treatment.
Table 1. Patients’ characteristics at diagnosis
Patients/tumour characteristics BRAF+ BRAF-
LN+ LN- LN+ LN-
Number 40 40 40 40
Mean age + SE 50.20+2.53 48.45%2.05 50.73+2.55 47.50+1.92
(25 aged <55 years) (29 aged <55 years) (25 aged <55 years) (27 aged <55 years)
Gender, male/female ratio 13/27 = 0.48 6/34=0.18 13/27 =0.48 6/34=0.18
Classic histology PTC, % 92.5 87.5 92.5 86.1
Follicular variant PTC, % 7.5 12.5 7.5 13.9
MicroPTC (<1 cm) 35 31 34 26
PTC >1 cm 5 9 6 14
Multifocal disease 11 6 18 9
Bilateral disease 7 3 9 6
Tla 35 31 34 25
T1b 3 3 4 6
T2 1 4 1 3
T3 1 1 1 4
T4a 0 0 0 2
T4b 0 1 0 0
Stage I 37 31 37 32
Stage II 0 0 0 0
Stage III 3 1 3 1
Stage Iva 0 7 0 6
Stage IVb 0 1 0 1

BRAF+ (60 received 100 mCi and 5 received 50 mCi) and
61 were BRAF- (52 received 100 mCi and 9 received
50 mCi), indicating that BRAF status did not influence
the choice to submit the patient to RAI and the dose to be
used. Among LN+ patients, 6 were not submitted to RAI
(noRAI) due to the presence of co-morbidities. Among
the 80 LN- patients, 28 did not undergo RAI and were
free of disease (FoD) at the last follow-up.

Follow-Up and Outcome of Patient not

Undergoing RAI

At first follow-up, among the 34 noRAI patients, 6 LN+
patients had co-morbidities; among these, one died due

BRAF Mutation and Prognosis in PTC

to kidney cancer (BRAF-LN+), one for ischemic stroke
and one due to cardiovascular disease (both BRAF+LN+),
while the other 3 (2BRAF+LN+ and 1BRAF-LN+) pa-
tients showed PoD with stable TG levels. These 3 noRAI
patients due to kidney failure. The other 28 patients were
FoD (11BRAF+LN-and 17BRAF-LN-) at last follow-up.

Atsecondfollow-up,3 patientswithPoD (2BRAF+LN+
and 1BRAF-LN+) were lost at follow-up (LaF). All the
28LN- patients (11BRAF+ and 17BRAF-) were con-
firmed as FoD.

At last follow-up, among the 28 patients who contin-
ued to be followed up at our centre, 6 patients were LaF
(IBRAF+LN- and 5BRAF-LN-), 1 (BRAF+LN-) died
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Re-staging
after RAI

First follow-up

Fig. 2. Patients’ outcome during follow-up.
RAI, radioiodine ablation treatment; FoD,
disease free; PoD, disease persistence; LaF,

Last follow-up
(up to 10 years
after surgery)

(9 months after surgery)

(21 months after surgery)

Second follow-up
(40 months after surgery)

1 No RAI } RAI
34 patients 126 patients
98 FoD 28 PoD
v v v v I v
28 FoD 3 died 3 PoD 98 FoD 12 FoD 16 PoD
v v v v v
28 FoD 3 LaF 110 FoD 7 FoD 9 PoD
v l l v v
21 FoD 1 died 6LaF 110 FoD 9 PoD

160 patients

lost at follow-up.

due to other causes, while the other 21 (9BRAF+LN- and
12BRAF-LN-) were confirmed as FoD (mean follow-
up = 69.7 + 4.5 months; Fig. 2).

Follow-Up and Outcome of Patient Undergoing RAI

At re-staging, among the 126 patients submitted to
RAI, 28 showed PoD, while 98 were considered FoD,
including all the 14 patients that received 50 mCi. Six-
teen patients were BRAF+ and 12 were BRAF-, indicat-
ing that PoD was independent of BRAF status (p = 0.52).
In addition, 20 were LN+ and 8 were LN-, but no sta-
tistically significant association was found between
nodal status and PoD (p = 0.13). More than 70% of these
patients displayed biochemical persistence (14 with
measurable Tg and 6 with measurable ATG levels),
while 8 displayed structural persistence (Table 2 for
BRAF status description). These results indicate that
BRAF and nodal status do not predict PoD 6 months
after RAL

4 Eur Thyroid J
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At first follow-up, lack of PoD was confirmed in the
98 patients who were FoD at re-staging. Among the 28 pa-
tients showing PoD at re-staging, at first follow-up, 16
showed PoD, while 12 were considered FoD, mainly due
to the normalization of previously elevated ATG levels.
Among the 16 patients with PoD, 8 were BRAF+ and 8
BRAF-, indicating that PoD was once again independent
of BRAF status. In addition, 12 were LN+ and 4LN-, but
no statistically significant association was found between
nodal status and PoD at first follow-up (p = 0.68). These
results indicate that BRAF and nodal status do not predict
PoD 18 months after RAIL

At second follow-up, lack of PoD was confirmed in the
110 patients who were FoD at first follow-up. Among the
16 patients showing PoD at the first follow-up, 9 showed
PoD, while 7 were FoD, mainly due to the normalization
of previously elevated ATG levels. Among the patients
with PoD, 4 were BRAF+ and 5BRAF-, indicating that
PoD was independent of BRAF status. In addition, 8 were

Damiani et al.



Table 2. Clinical characteristics of patients showing disease persis-
tence at re-staging after RAI

Patient BRAF Initial N M Disease persistence at
status stage re-staging after RAI

1 + Iva 0 0 Biochemical (Tg)

2 + I 0 0 Biochemical (Tg)

3(A) + IVa 0 0 Biochemical (Tg)

4 + IVa 0 0 Biochemical (Tg)

5 + I 0 0 Biochemical (Tg)

6(B) + IVa 0 0 Biochemical (Tg)

7 + I 0 0 Biochemical (Tg)

8(D) + I 0 0 Biochemical (Tg)

9 - I 0 0 Biochemical (Tg)
10 - I 0 0 Biochemical (Tg)
11(H) - IVb 0 0 Biochemical (Tg)
12 - I 0 0 Biochemical (Tg)
13 - I 0 0 Biochemical (Tg)
14 - I 0 0 Biochemical (Tg)
15 + III 0 0 Biochemical (ATG)
16 + I 0 0 Biochemical (ATG)
17 + I 0 0 Biochemical (ATG)
18 - I 0 0 Biochemical (ATG)
19 - I 0 0 Biochemical (ATG)
20(G) - 11 0 0 Biochemical (ATG)
21(C) + IVb 1 0 Structural
22 + IVa 1 0 Structural
23 + I 1 0 Structural
24 + I 1 0 Structural
25(F) - 111 1 0 Structural
26(E) - IVa 1 0 Structural
27(1) - I 0 Lung Structural
28 - I 1 0 Structural

Letters indicate patients showing disease persistence at last follow-
up (see Table 3 for details).

Table 3. Clinical characteristics of patients submitted to RAI show-
ing disease persistence at last follow-up

Patient =~ BRAF Initial N M Follow-up
status stage months
A + IVa 0 Lung 40
B + IVa 0 0 108
C + IVb 0 0 72
D + I 1 0 48
E - IVa 1 0 84
F - 111 1 0 48
G - I 0 Tonsil 48
H - IVb 0 0 60
I - I 0 Lung 108

BRAF Mutation and Prognosis in PTC

LN+ and 1LN-, but no statistically significant association
was found between nodal status and PoD at second fol-
low-up (p = 0.07). These results indicate that BRAF and
nodal status do not predict PoD 21 months after RAIL

At last follow-up: all the 9 patients displaying PoD at
second follow-up still showed PoD. Among the 4BRAF+
patients (follow-up range: 40-108 months), 2 showed the
presence of metastases (1 in the lung and 1 in neck lymph
nodes) and 2 received a second RAI treatment. Among the
5BRAF- patients (follow-up range: 48-108 months), 4
showed metastases (1 lung, 2 neck lymph nodes and 1 ton-
sil) and 4 received a second RAI treatment. In addition,
the patient with lung metastases is currently treated with
TKI due to progressive disease (Table 3). Among the 126
patients submitted to RAI, 117 patients did not show PoD/
recurrence (follow-up range: 40-114 months; Fig. 2).

These results indicate that BRAF status in patients
submitted to RAI does not seem to characterize patients
with a worse prognosis. On the contrary, BRAF- patients
in our series had a worse outcome, even though no de-
finitive conclusion can be drawn due to the paucity of
patients showing PoD.

Discussion

This prospective study demonstrates that BRAF status
does not influence short-term prognosis in LRR PTCs,
even with metastatic lymph nodes. Our data show that
there is no significant difference between patients with
BRAF+PTC and those with BRAF-PTC concerning PoD
at any time during a 40-108 months follow-up after sur-
gery. Our results suggest that BRAFV600E may not have
a prognostic significance and are consistent with those of
a prospective study evaluating an unselected series of 185
PTC patients [21], where BRAFV600E did not signifi-
cantly associate with PoD/recurrence at the end of follow-
up (~5 years). However, this study does not take into ac-
count PTC risk factors independently of BRAFV600E. At
the opposite, our study has been designed to assess the
impact of BRAFV600E mutation independently of other
PoD/recurrence risk factors (age, gender, and disease
stage). On the other hand, the criteria adopted to match
BRAF+ with BRAF- patients do not take into account
possible prognostic characteristics different from those
indicated by current literature. Xing et al. [16] showed
that BRAFV600E has an independent prognostic value,
since it significantly associates with PTC recurrence.
However, the latter study is retrospective (mean follow-
up = 35 months) and evaluates disease recurrence, while

Eur Thyroid | 5
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in our study none of the patients had a recurrence. This
difference may be due to the different patients population
in the 2 studies: patients havinga PTC >2 cm in diametes
at diagnosis were 55.5% in the study by Xing et al. Il
and only 11.9% in our study. Moreover, in our study<30%
of the patients had a multifocal disease, which is corre-
lated with a higher recurrence rate [26], further indicating
an LRR population in our study. Indeed, we observed
PoD rather than recurrence, indicating that early diagno-
sis prevents PTC relapse. On the contrary, Fugazzola et
al. [22] included a greater HRR patients’ portion. They
found that BRAFV600E tended to associate with a greater
tumour diameter, and lymph-node metastases, but failed
to reach statistical significance. Therefore, it appears that
in our country, PTC patients’ prognosis is not affected by
BRAFV600E.

On the contrary, we cannot draw any conclusion con-
cerning the association between BRAF status and mortal-
ity, since none of our patients died due to PTC-related
causes. A much longer follow-up is necessary in order to
observe an impact on mortality, as found in the multicen-
tre retrospective study by Xing et al. [17], which encom-
passes 46 years of follow-up. In the latter study,
BRAFV600E significantly associates with increased PTC-
related mortality, even though this association was not
independent of tumour features.

In our study, BRAF status did not influence the choice
of submitting the patients to RAI, which was rather guid-
ed by initial disease stage, and in particular, by nodal sta-
tus, in keeping with the indications issued by the ATA
2009 guidelines [27]. Nodal status could have been influ-
enced by the surgical approach [28], but we controlled for
this variable taking into account 2 groups of wild-type
and mutated patients, matched also according to the
presence or the absence of LN. In light of the ATA 2015
guidelines, a much lower number of patients would have
been addressed to RAI. However, the outcome of these
patients might not have been different, since the majority
of our patients belong to the LRR category.

In addition, among patients submitted to RAI, BRAF
status was not significantly associated with prognosis in
terms of PoD, which seems rather to be correlated with
nodal status. In keeping with our results, a previously
published study has shown that RAI outcome in PTC pa-
tients without distant metastases is not significantly influ-
enced by BRAF status, even in patients with HRR at diag-
nosis [29]. Similarly, a retrospective study taking into ac-
count patients with a PTC >1 cm showed that mutant
and wildtype BRAF subgroups did not differ in radioio-
dine sensitivity [30]. On the contrary, the presence of a

6 Eur Thyroid J
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BRAFV600E mutation in the primary tumour seems to
predict a worse RAI up-take in distant metastases, and,
consequently, a poorer prognosis [31]. However, our
study did not include patients with distant metastases at
diagnosis and the difference in PoD among LN+ patients
and that in LN- patients did not reach statistical signifi-
cance at any follow-up time point, preventing us from
drawing any definitive conclusions on this issue. The ma-
jority of our patients was diagnosed and treated at a very
early stage, allowing them to be FoD at the end of follow-
up. The lack of PoD, at the same time, indicates that fol-
low-up intervals could be extended in patients with LRR.
Similarly, none of the patients not submitted to RAI
showed PoD, in both BRAF+ and BRAF- groups. There-
fore, a definitive conclusion cannot be drawn as to the
prognostic role of BRAF status in this patient group, even
though our data may suggest that the presence of
BRAFV600E does not associate with a worse prognosis.
On the other hand, our data shows that patients were cor-
rectly addressed to a conservative management, confirm-
ing that a less aggressive management of LRR PTC results
in the lack of PoD. In a previous report on low-risk PTCs,
BRAF was predictive of a worse outcome [32]. However,
in the examined unselected population, patients with
BRAF+ PTCs differed from those with BRAF- PTCs at
diagnosis as concerns several characteristics. In our study,
on the contrary, initial patients and tumour characteris-
tics perfectly match in the groups of mutated as compared
to wild-type BRAF patients.

In conclusion, our results, which are deeply influenced
by the very strict inclusion criteria leading to a limited
patients’ sample, show that BRAF status does not have a
prognostic role in the short term in LRR patients, indicat-
ing that BRAFV600E may not represent an independent
prognostic factor. Large prospective case-control studies
recruiting patients with PTC at high or intermediate risk
of recurrence at diagnosis are necessary to clarify the
prognostic role of BRAF status in PTC patients.
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