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Abstract

Purpose This study aimed to evaluate the real-life use of BRAF-V600E mutation analysis in washout liquid from thyroid
nodule fine needle aspiration (FNA), and the consequences of genetic result on clinical decision-making.

Methods We retrospectively considered subjects tested for BRAF-V600E among those attending the Endocrinology Unit of
Modena for FNA between 2014 and 2018. Washing fluid was collected together with cytological sample and stored at
—20°C. If the clinician deemed it necessary, the sample was thawed, DNA extracted, and genetic test performed by high-
resolution melting technique. We collected data on cytology according to the Italian Consensus for the cytological classi-
fication of thyroid nodules, type of surgery (when performed), histology, and adverse events.

Results Out of 7112 subjects submitted to FNA, BRAF analysis was requested for 683 (9.6%). Overall, 896 nodules were
analyzed: 74% were indeterminate at cytology, mainly TIR3A (low risk). Twenty-two nodules were mutant (BRAF+). Only
2% of indeterminate, mainly TIR3B, were BRAF+. Based on final histological diagnosis, BRAF test had high specificity
(100%) but poor sensitivity (21%), also in indeterminate nodules. Mutant subjects underwent more extensive surgery
compared to wild type (p = 0.000), with frequent prophylactic central lymph node dissection. One third had local metastases.
Higher prevalence of hypoparathyroidism was found in BRAF+ compared to wild type (p = 0.018).

Conclusions The analysis of BRAF-V600E outside of gene panels has low sensitivity, especially in indeterminate nodules,
and a positive result could lead to more extensive surgery with greater risk of hypoparathyroidism and questionable
clinical utility.
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Introduction

Differentiated thyroid carcinomas are constantly increasing
worldwide, with a clear prevalence of small tumors, with
overall excellent prognosis thanks to early diagnosis [1]. In
order to avoid overtreatment, efforts have been multiplied to
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refine diagnostic tools and to pick out those with good
prognosis or, conversely, the ones requiring more aggres-
sive treatment and tighter follow-up. Ultrasound and
cytology certainly have the main role in thyroid nodule
investigation [2]. However, ultrasound is operator-
dependent and limited by the lack of categorizations able
to definitively rule in or rule out cancer [3]. Cytology cer-
tainly allows for higher accuracy, but is heavily limited by
indeterminate categories. Indeed, up to 30% of nodules are
reported as indeterminate [4], representing a significant
challenge for clinicians. Moreover, another problem still to
be solved is the possibility of discriminating between
malignant lesions with better prognosis and those with
worse prognosis, which also are on the rise [5].

Since there are gene mutations specific to malignant
lesions, genetic testing may be helpful in investigating
suspicious thyroid nodules. For instance, the thymine
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to adenine substitution at nucleotide position 1799
(rs113488022, ¢.1799T>A) of the BRAF gene, resulting in
a valine-to-glutamine replacement at residue 600 (p.
V600E), is the most common genetic mutation in papil-
lary thyroid carcinomas [6]. B-Raf proto-oncogene serine/
threonine kinase (BRAF) is an enzyme that after being
bound and activated by the rat sarcoma GTPase (RAS) is
translocated to the cell membrane and drive the phos-
phorylation and activation of mitogen-activated protein
kinase (MAPK) and the related signaling pathways.

Several molecular testing for BRAF mutation alone or in
panel have been studied so far, both on cytological samples
and on washing liquid from fine needle aspiration (WFNA)
[6]. However, the use of gene panels in clinical practice is
limited by costs, feasibility and by the need for second ad
hoc sampling. Even the latest international guidelines
weakly recommend the use of molecular testing because of
moderate-quality evidence [2].

In this study, we aimed to evaluate the real-life use of
BRAF mutation analysis by endocrinologists in a second-
level reference center and the impact of the mutational status
knowledge on subsequent clinical decision-making. Indeed,
in our center, we previously validated a BRAF-V600E search
method based on High-Resolution Melting (HRM) analysis
[7]. It has the advantage of being sensitive, cost-effective,
time-saving and based on the use of wFNA, collected at the
same time as the collection of cytological material, and stored
until clinician demands for genetic analysis.

Materials and methods
Subjects

This single-center, retrospective, real-world evidence,
observational study was performed on a large cohort of
subjects attending the Endocrinology Unit of Modena for
nodular goiter. In particular, we considered data of subjects
who underwent fine needle aspiration (FNA) from January
2014 to November 2018. Each patient may have undergone
FNA more than once because of non-diagnostic result and/
or changes in the sonographic pattern. Moreover, some
subjects had multinodular goiter and each aspirated nodule
was considered separately in the analyzes. FNA performed
on lymph nodes were excluded. Among the aspirated
nodules, we then considered those for which molecular
investigation was requested. In our center, we perform the
test for BRAF mutation on washing liquid whenever con-
sidered useful. It is mainly requested in case of indetermi-
nate cytological outcome or, occasionally, and at the
discretion of the clinician, in case of ultrasonographically
suspicious nodules with any cytological outcome.

@ Springer

All patients signed written informed consent for FNA,
for washing liquid storage and for performance of molecular
tests in case of clinical need. The study protocol was
approved by the local Ethics Committee of Modena
(reference number 122/08).

Fine needle aspiration procedure

Ultrasound-guided FNA was performed with 23- to 27-
gauge needle. FNA samples were expelled onto glass slides,
smeared, fixed and stained according to standard proce-
dures. The wFNA samples were obtained washing out the
needle with 1 ml of sterile saline solution and collecting the
remaining material into a 2 ml sterile tube, as previously
described [7]. This material was stored at —20°C for
future molecular analyses, required by the clinician when
necessary.

Mutation analysis

Somatic DNA was extracted from wFNA samples thanks
to a lysis buffer, containing Tris-HCl 50 mM at pH 8.5,
EDTA 1 mM, Tween 20 0.5% and 200 ug of proteinase K
(Merck KGaA, Darmstadt, Germany), as previously
described [7], before quantification by NanoDrop™
2000 spectrophotometer (Thermo Fisher Scientific, Wal-
tham, MA, USA).

The region containing the BRAF c.1799 site was
amplified according to Marino et al. [7]. Briefly, 15 pl of
reaction mix, containing 20ng of DNA, 7.5ul of the
SsoFast™ EvaGreen® Supermix (Bio-Rad Laboratories
Inc., Hercules, CA, USA), primers (forward 5-AGGT-
GATTTTGGTCTAGC-3’; reverse 5-ATCCAGACAAC
TGTTCAA-3') at the final concentration of 500 nM and
sterile water, were prepared. HRM analysis was performed
using the protocol previously described [7]. Samples
resulted indeterminate at HRM underwent direct sequen-
cing and, if necessary, were confirmed by pyrosequencing,
as previously described [7].

As positive controls were used both the 50% BRAF-
V600E Reference Standard (Diatech Pharmacogenetics,
Jesi, Italy) and the DNASs of patients previously confirmed
positive for BRAF-V600OE mutation by direct sanger
sequencing and pyrosequencing [7]. DNAs from healthy
patients, previously screened for BRAF-V600E mutation in
our laboratory and resulted wild-type (WT), were used as
negative controls.

All reactions were carried out in duplicate and performed
on the CFX96™ Real-Time PCR Detection System (Bio-
Rad Laboratories Inc.). Raw data were analyzed using the
software CFX Manager and Precision Melt Analysis soft-
ware (Bio-Rad Laboratories Inc.).
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7112 subjects submitted to FNA

683 subjects BRAF tested
corresponding to
898 BRAF tests

2 lymph nodes excluded

681 subjects BRAF tested
corresponding to
896 nodules BRAF tested

874 nodules
BRAF wild type

607
addressed to follow-up

267
addressed to surgery

|
| |

22 nodules
BRAF mutant

22
addressed to surgery

%7

2 refused surgery

186 74 1 6
benign malignant NIFTP lost
at histology at histology at follow-up

20
malignant
at histology

Fig. 1 Study design [FNA fine needle aspiration, NIFTP noninvasive follicular thyroid neoplasm with papillary-like nuclear features]

Clinical data collection

In addition to genetic data, we collected the following
information about nodules: cytology classification accord-
ing to the Italian Consensus for the cytological classification
of thyroid nodules [8]; details about surgical treatment when
performed (considering central and lateral neck lymph node
dissection as “more extensive surgery”); histology, classi-
fied according to the 8™ edition of the AICC/TNM staging
system of thyroid cancer [9]; surgical adverse events
(hypoparathyroidism, recurrent laryngeal nerve injury).
Hypoparathyroidism was defined as biochemical hypo-
calcemia and/or PTH levels below normal ranges and need
for calcium medication 1 month after surgery (transient) or
more than 6 months after surgery (permanent) [10]. All
surgical treatments were performed by surgeons expert in
endocrine surgery.

Statistics

Statistical analysis was performed using SPSS v.26.0 IBM
Corp., Armonk, NY, USA).

Analyses of genetics, cytology and histology were per-
formed by separately evaluating each nodule subjected to
FNA. The number of nodules is greater than the number of
subjects since some subjects had more than one nodule. The
impact of knowledge of the mutational status on clinical
decision-making was analyzed considering subjects, instead
of nodules.

Comparisons among nodules or subjects were performed
by the nonparametric Mann—Whitney’s U test, since variables
were not normally distributed at Kolmogorov—Smirnov test.
Chi-square analysis was performed to evaluate for frequency
differences. Spearman’s rank correlation tests were performed
to verify correlations between adverse events and extent of
surgery. P was considered significant when <0.05. Sensitivity
and specificity of BRAF mutation test were calculated con-
sidering final histological diagnosis.

Results

Among 7112 subjects submitted to FNA between January
2014 and November 2018, BRAF mutation analysis was
requested in 683 (9.6%) (Fig. 1). Mutation analyses in two
washout liquids from lateral neck- lymph nodes were per-
formed and they were excluded from subsequent analyses.
Most of the studied subjects were females (487/681; 71.5%)
and their mean age was 55+ 13 years (min 18-max 85).
Each patient could have undergone FNA repeatedly because
of the presence of more than one suspicious nodule or
because of changes in the sonographic features of a pre-
viously analyzed nodule. Finally, the total number of
nodules tested for BRAF was 896. All the results presented
below will refer to nodules.

The vast majority of BRAF tests were performed because
of indeterminate result at cytology: 65% were low-risk inde-
terminate lesions (TIR3A), 8% were high-risk indeterminate
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lesions (TIR3B) and 1% were indeterminate without sub-
classification (TIR3). Surprisingly, 15% of the BRAF tests
concerned cytologically benign nodules (TIR2), suggesting
that the request for molecular analysis derived from other
clinical suspicions (e.g., ultrasound appearance). A small
group (10%) underwent the genetic test for nodules with non-
diagnostic cytological result. In only 1% of cases, the genetic
test was requested on nodules cytologically suspicious (TIR4)
or diagnostic for malignancy (TIRS).

Analysis of BRAF-V600E genotyping

Initially, only 20 nodules were positive (BRAF+) while 869
nodules were WT for BRAF V60OE mutation. Seven samples
were not determinable by HRM analysis, possibly due to low
DNA quality, resulting in weakly interpretable melting
curves. These indeterminate samples were further analyzed
with direct sequencing and, if necessary, with pyrosequen-
cing, as previously described [7], documenting 5 WT nodules
and 2 BRAF+. After these additional analyses, a total of 8§74
nodules (97.5%) were WT while 22 (2.5%) were mutants.
WT and BRAF+ subjects did not differ for age (p = 0.306)
or sex (p =0.767). Female sex was prevalent in both groups,
reflecting higher prevalence of thyroid nodules in women.

Prevalence of BRAF mutation among cytological
classes

The prevalence of BRAF mutation in each class was as
follows: 0% in TIR1 and TIR1C, 1% in TIR2, 0% in TIR3
not further sub-classified, 1% in TIR3A, 9% in TIR3B, 55%
in TIR4, and 67% in TIRS (Table 1). Overall, only 2% of
indeterminate nodules were BRAF-+.

Histological results

Of the 267 WT removed nodules, 74 (28%) were malignant
at the histological examination: 57 (77%) papillary thyroid
cancer (PTC) and 17 (23%) follicular thyroid cancer. All the
BRAF+ nodules confirmed to be PTC at histological
examination. Histology distribution among cytological
classes is shown in Table 1.

As expected, the vast majority of PTC in the BRAF+
group had a classic papillary pattern, while follicular was
the most common variant of PTC in the WT group.

Based on the final histological diagnosis, BRAF-V600E
analysis resulted to have very high specificity (100%), but
poor sensitivity (21%) in the diagnosis of differentiated
thyroid cancer. Even considering separately indeterminate
nodules sent to surgery (149 TIR3A and 52 TIR3B), HRM
BRAF test confirmed to be highly specific (100%) but,
again, poorly sensitive (16% for TIR3A and 26% for
TIR3B).

@ Springer

Impact of knowledge of the mutational status on
clinical decision-making

All the results presented below - referred to subjects instead
to nodules - are summarized in Table 2. Two hundred and
twelve subjects were addressed to surgery: 190 were WT
but with suspicious cytology and/or other clinical risk fac-
tors; 14 were both BRAF+ and cytologically suspicious;
only 8 were BRAF+ but cytologically unsuspicious. Since
64% of BRAF+ were TIR3B-4-5 at cytology, they had
surgical indication, for thyroidectomy, even before the
genetic test. Two BRAF+ subjects refused to undergo sur-
gery and were lost at follow-up. At the end, 210 subjects
(for a total of 287 nodules) were surgically treated (Fig. 1).

Then, we analyzed the type of surgery performed. Sub-
jects in the BRAF+ group were treated with more extensive
surgery compared to WT (p = 0.000) (Table 2). Only few
subjects had pre-surgical suspicious lymph nodes before
central dissection (13% among WT and 14% among
BRAF+), all histologically confirmed. Among those
without suspicious pre-surgical lymph nodes, 45% of the
WT and 33% of the BRAF+ had metastases to the central
compartment.

Consequences of greater surgical invasiveness were
significantly different (Table 2): 55% of BRAF+ subjects
developed post-surgical hypoparathyroidism (25% transient
and 30% permanent), against 26% (11% transient and 15%
permanent) in WT (p =0.018). All the BRAF+ with per-
manent hypoparathyroidism were treated with central neck
dissection. No significant correlation between the extent of
surgery and hypoparathyroidism onset was found both in
the BRAF+ group (rs=0.630, p=0.115), and in the
whole group, BRAF+ and WT taken together (rs =0.021,
p=0.769).

No differences were found regarding the recurrent lar-
yngeal nerve injury between BRAF+ and WT (p = 0.577).

Discussion

This single-center study confirms that clinicians rely on
molecular tests especially after indeterminate cytology.
However, genetic testing for the BRAF gene alone has
questionable utility because of its low sensitivity and the
consequent risk of missing thyroid carcinomas harboring
mutations in other genes [2]. In our real-life series, only 2%
of indeterminate nodules were BRAF+, despite 22-50%
malignancy rate in WT, resulting in a sensitivity of only
16% for TIR3A and 26% for TIR3B. These results fit well
in a literature studded with heterogeneous data, regarding
prevalence of BRAF mutation in indeterminate nodules —
ranging between 0 and 48% - and, consequently, its
reported sensitivity [11]. Such low sensitivity could be due
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Table 1 Genetic and histological

. CYTOLOGY nodules (n = 896)
results according to cytology,

BRAF-V600E state

Surgically treated

Malignant histology

based on the Italian Consensus
for the cytological classification
of thyroid nodules

TIRI (n = 76)

TIRIC (n=11)

TIR2 (n = 132)

TIR3 (n=>5)

TIR3A (n=>582)

TIR3B (n = 73)

TIR4 (n=9)

TIR5 (n=3)

Missing data (n =5)

76 (100%) WT
0 (0%) BRAF+
11 (100%) WT
0 (0%) BRAF-+
131 (99%) WT
1 (1%) BRAF+
5 (100%) WT

0 (0%) BRAF-+
575 (99%) WT
7 (1%) BRAF+
66 (90%) WT

7 (9%) BRAF+
4 (45%) WT

5 (55%) BRAF+
1 (33%) WT

2 (67%) BRAF+

17/76 (22%)
na

4/11 (36%)
na

42/131 (32%)
1/1 (100%)
2/5 (40%)

na

143/575 (25%)
6/7 (86%)
45/66 (68%)
717 (100%)
4/4 (100%)
415 (80%)

1/1 (100%)
2/2 (100%)

3/17 (18%)
na

0/4 (0%)

na

2/42 (5%)
1/1 (100%)
1/2 (50%)
na

31/143 (22%)
6/6 (100%)
20/45 (45%)
717 (100%)
4/4 (100%)
4/4 (100%)
1/1 (100%)
2/2 (100%)

WT wild type, BRAF+ BRAF-V600E mutant, na not applicable

Table 2 Characteristics of enrolled subjects

Subjects screened for P value

BRAF-V60OE (n=681)

BRAF+ WT

(n=122) (n=659)
Sex, females (%) 15 (68%) 406 (62%) 0.767
Age, years (median, min- 53 (24-72) 56 (18-82) 0.306
max)
Surgically treated (%) 20 91%) 190 (29%) 0.000
Surgical procedure 0.000
Total thyroidectomy 25% 70%
Emithyroidectomy 5% 20%
Thyroidectomy + CC 70% 9%
Thyroidectomy + CC +LC 0% 1%
Suspicious central LN on 13% 14% 0.102
pre-operative imaging®
Pathologic central LN 30% 5% 0.053
staging
Surgical side effects
Recurrent laryngeal 5% 3% 0.577
nerve injury
Hypoparathyroidism 55% 26% 0.018
(transient + permanent)
Hypoparathyroidism 40% 13% 0.060
(permanent)

P value significant <0.05 (in italics)

BRAF+ BRAF-V600E mutant, WT wild-type, CC central neck lymph
node dissection, LC lateral neck lymph node dissection, LN
lymph node

“Percentage refers to subjects treated with CC

to the presence of follicular, rather than papillary, neoplasm
in many indeterminate nodules, supported by nucleotide
changes in genes other than BRAF, e.g., RAS [12, 13].
Moreover, recent metanalytic studies demonstrate a limited
role of BRAF testing in both indeterminate [14] and suspi-
cious for malignancy nodules [15].

Our data also demonstrate that molecular testing is
requested mainly but not only in nodules with indeterminate
cytology. In fact, clinicians deemed it necessary also in:
benign nodules (TIR2), because of suspicious ultrasound
appearance; nodules with non-diagnostic cytology (TIR1),
to look for diagnostic clues other than cytology; albeit
rarely, even in nodules already suspicious for (TIR4) or
diagnostic for malignancy (TIRS), to have diagnostic con-
firmation and/or prognostic information. Thus, we demon-
strated that 26% of the requests for genetic screening
occurring in real-life are out of guideline indications, with
questionable clinical benefit. Indeed, BRAF analysis
unmasked only one malignant nodule, falsely determined as
benign by cytological examination.

Most BRAF+ subjects would already have had indication
for surgery on the basis of cytology, even without the
genetic information. In a previous smaller series, BRAF
mutation confirmed to be highly specific but not able to
improve cytological diagnosis, since mainly diagnosed in
already suspicious or malignant nodules [16].

It is worth of note that preoperative identification of
BRAF mutation was related to a more invasive surgical
approach: mutant subjects were preferentially treated with
total thyroidectomy plus central lymph nodes dissection,
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even in the absence of preoperatively suspicious lympha-
denopathies - only 13-14% of the subjects treated with
central dissection had pre-surgical suspicious lymph nodes.
Our data cast doubts on the efficacy of this choice, since
there was no significant difference between WT and
BRAF+ in terms of histological finding of lymph node
metastases. Several studies, mainly retrospective, suggested
the association of BRAF mutation and lymph node metas-
tasis [17]. However, long-term effectiveness of prophylactic
central lymphadenectomy compared to thyroidectomy alone
is questionable, regardless of BRAF state [18]. However, it
is undeniable that the prophylactic removal of level VI
lymph nodes allows to identify some patients with meta-
static disease. In our series, one third of the sonographically
unsuspicious lymph nodes were metastases, which would
have escaped without prophylactic removal, both in the
BRAF+ and in the WT group. Nevertheless, the direct effect
on long-term outcome is questionable and probably clini-
cally irrelevant [2, 18, 19]. International guidelines state that
BRAF status in the primary tumor should not impact on the
decision for prophylactic central neck dissection [2].

In the risk/benefit balance it is essential to assess whether
the greater extent of surgery increases the risk of adverse
events. Our data show that, in the hands of experienced
endocrine surgeons, recurrent laryngeal nerve injury is rare
both in BRAF+ and in WT subjects, regardless of the
surgical approach. However, we found higher prevalence of
post-surgical hypoparathyroidism in BRAF+ subjects. Since
subjects with BRAF+ nodules were more frequently treated
with extensive surgery compared to WT, more complications
are expected in this group. In our series, all the
BRAF+ patients with permanent hypoparathyroidism were
treated with central neck dissection, confirming the correla-
tion between surgery extent and hypoparathyroidism [10].
Post-surgical hypoparathyroidism can lead to severe hypo-
calcemia, an urgent life-threatening situation [10]. After
passing urgency, chronicity has heavy consequences for the
patient, including potentially lifelong supplementation, gas-
trointestinal or renal complications, frequent laboratory test-
ing, potential hospital admissions, and an overall reduced
quality of life [20]. Thus, we conclude that extending surgery
on the basis of molecular test of the single BRAF gene may
expose the patient to more invasive surgery (i.e., central neck
dissection) and, thus, greater risk of hypoparathyroidism, not
justified by substantial oncological benefit. Obviously this
study does not aim to demonstrate a causal link between
the molecular test and the onset of hypoparathyroidism.
However, our results raise a critical issue that would require
further investigation with prospective studies.

Although the cost of the BRAF gene mutation analysis is
increasingly affordable (between 9 and 123 dollars per tested
sample [11]), cost-effectiveness for both the economic and
clinical benefits is worth of careful consideration. This clearly
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goes beyond the aim of this study, limited by the lack of
long-term follow-up data and the small size of the mutant
group. If, on the one hand, it is true that a positive BRAF
result should avoid two-step surgery [21], on the other hand
we must also consider the long-term consequences of more
extensive initial surgery on patient’s quality of life. In gen-
eral, BRAF mutant subjects seem to have higher risk of
recurrence and decreased survival at long follow-up [22],
likely due to radioactive iodine resistance [23, 24]. In this
contest, optimizing initial surgery could be relevant, balan-
cing oncological and surgical risks. However, the most recent
guidelines state that the BRAF status taken in isolation has a
limited role for guiding patient management both in the
diagnostic phase for nodules with indeterminate cytology and
in the prognostic evaluation of micro-PTC [2].

Our results confirm that the analysis of BRAF-V600E
outside of gene panels has low sensitivity, especially in
indeterminate nodules, and that in real life practice a posi-
tive result could lead to more extensive therapeutic choices
with potentially increased side effects without real oncolo-
gical benefit. Future prospective studies are necessary to
understand the consequences of the result of the analysis of
the BRAF gene alone, which in real life is used alone and
not as part of gene panels.
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