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Abstract

Background: The B-Raf proto-oncogene serine/threonine kinase (BRAF) VB00E (BRAFVS00E) mutation represents a very specific marker for
papillary thyroid carcinoma (PTC), including microcarcinomas (PTMCs). However, assessment of the BRAFY600E mutational status is expensive
and not available in all pathology laboratories. Aim: We aimed to evaluate if we can identify those morphological features that could predict
the presence of the BRAFVS00E mutation in a series of PTMCs. Materials and Methods: Nineteen PTMCs with analysis of 25 tumor foci
were included. The following histological features were evaluated: size of the tumor, multifocality, extrathyroidal extension, tumor’s border,
characteristic PTC nuclear features, tumor-associated stromal reaction and histological variant. All PTMCs foci were subject to real-time
polymerase chain reaction (RT-PCR) amplification targeting the BRAF gene. BRAFV80E mutation was assessed by high resolution melting
(HRM) analysis and confirmed by Sanger sequencing. Morphological features associated with BRAFV69E positive and BRAFV600E negative
PTMCs were compared using the two-tailed Fisher's exact test, with a set at <0.05. Results: Out of the 25 PTMC foci, 16 (64%) were
BRAFV60E negative, whereas nine (36%) were BRAFV600E positive. Our data showed that subcapsular localization (p=0.013), conventional
histological type (p=0.05) and tumor-associated stromal reaction (moderate/extensive fibrosis) (p=0.032) were significantly associated with
the mutation. Conclusions: We have demonstrated the value of several morphological features in predicting a BRAFV89E mutation profile in
PTMCs. All these parameters should be documented in the histopathological report, as they seem to be associated with this mutation and

could serve as a risk stratification tool in the selection of patients in need for adjuvant post-surgery therapy.
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= Introduction

The World Health Organization (WHO) [1] defines
papillary thyroid microcarcinoma (PTMC) as a papillary
thyroid carcinoma (PTC) incidentally found measuring
<1 cm. Many studies over the world have reported a
significant increasing incidence of PTMC in the last
decades [2-5]. Despite this growing incidence of PTMC,
the disease-specific mortality rate remains extremely low,
reported to be 0.5% [6]. Due to all these, it has now
become increasingly challenging for clinicians to manage
patients with PTMC, as they must carefully weigh the
benefits of treatment to potential harms [7]. While the great
majority of patients with PTMC will have an excellent
overall survival, some patients could develop recurrence
and/or metastasis in the follow-up period that might require
re-operation or radioactive iodine ablation. Identifying
that small subset of PTMC patients with potential
unfavorable outcome is important in order to ensure a
correct management and treatment for those patients.

Great emphasizes has lately been granted to the
molecular alteration that characterize PTC. B-Raf proto-
oncogene serine/threonine kinase (BRAF) gene mutations,
in particular, have received considerable attention. BRAF

mutations occur on the “p”” arm of the seventh chromosome,
where the gene is located. The most common mutation
identified in thyroid cancer is a thymine to adenine
transversion at nucleotide 1799 (T1799A), causing a
substitution of valine by glutamic acid at codon 600 on
the BRAF protein (V600E) [8]. The mutation activates
the mitogen-activated protein kinase (MAPK) signaling
pathway [9], which plays a major role in the regulation
of cell growth, division and proliferation [10]. BRAF"*"®
mutation has been reported in 40-70% of PTCs [11-13],
making it the most frequent genetic abnormality in PTC.

A large, recent meta-analysis has demonstrated a
positive association between the BRAF'** mutation
profile and the risk of recurrence in PTMC [14]. The
authors highlighted the potential utility of BRAF'*"F
genotyping in the post-operative plannin§ of the patients
with PTMC and concluded that BRAFY*"* mutation may
serve as a helpful tool in the risk-stratification of these
patients.

However, the assessment of the BRAF"*F mutational
status in all PTMCs is expensive and not available in all
pathology laboratories. On the other hand, Virk et al.
have demonstrated that BRAF'*® mutated PTMCs
are morphologically distinct [15] and proposed a set of
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morphological criteria able to predict their BRAF'*"

mutation status with great accuracy and substantial inter-
observer reproducibility [16]. Thus, the aim of our study
was to evaluate if we can identify some morpholo%ical
features that could predict the presence of the BRAF"
mutation in our series of PTMCs.

& Materials and Methods
Study group and inclusion criteria

All consecutive PTMCs registered at the Department
of Pathology at the Emergency County Hospital, Tirgu
Mures, Romania, from January 2011 to January 2014 were
re-evaluated. Criteria for inclusion were: (i) a histo-
pathological diagnosis consistent with PTMC; (i7) tumor
size >5 mm, as the morphological features may not be
adequately developed in smaller tumors, and thus, may
be unreliable in predicting the mutational status [16];
(iii) adequacy of tumor tissue for deoxyribonucleic acid
(DNA) extraction for molecular analysis.

The Ethics Committee from the University of Medicine
and Pharmacy of Tirgu Mures agreed to the present study
and informed consent was obtained from all patients
included in the study.

Pathological and clinical data

For all the cases, Hematoxylin—Eosin (HE) stained
slides were independently reviewed by three pathologists
(ACNB, EAS, AB). All the controversial cases were
evaluated in panel on a multi-headed microscope and a

consensus regarding the discordant features was reached.

PTMCs were referred to PTCs of 1 cm or less,

incidentally found [1] (Figure 1A). The diagnosis of PTC
was based only on the nuclear features, as defined in the
WHO Classification of Tumors of Endocrine Organs [1].
We evaluated the following pathological features: the size
of the tumor, the extrathyroidal extension, the multi-
focality, the tumor position in relation to the thyroid
capsula (peripheral/subcapsular versus intrathyroidal),
the surgical positive resection margin, the tumor interface
with non-neoplastic thyroid tissue (well delimited, not
encapsulated/encapsulated versus infiltrative) (Figure 1,
A and B), the histological variant (conventional, follicular,
tall cell, oncocytic) (Figure 1, C and D), the nuclear
features (Figure 2), the tumor cells characteristics (the
presence of “plump pink” cells) (Figure 2D), the tumor-
associated stromal reaction (absence of fibrosis, fibrosis
grade 1+, fibrosis grade 2+, see below) (Figure 3), the
presence of psammoma bodies, stromal calcification,
intratumoral lymphocytic infiltrate, back-to-back arran-
gement, intratumoral multinucleated giant cells and lymph
node involvement (Table 1).

In accordance with the 2016 American Joint Committee
on Cancer (AJCC) Cancer Staging Manual [17], extra-
thyroidal extension was referred to as tumor invasion into
the strap muscles (sternohyoid, sternothyroid or omohyoid
muscles). Multifocality was defined as the presence of two
or more isolated/non-contiguous tumor foci in one or both
thyroid lobes.

found (A); assessment of the tumor’s border: an encapsulated (A) versus an infiltrative tumor (B); conventional
histology, characterized by papillary architecture that was pure or admixed with a variable proportion of follicles (C);
follicular variant, with an exclusively follicular pattern and virtually no papillary structures (D). HE staining: (A and B)
x40; (C and D) x100.
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of the nuclear contours, grooves, clearing or ground glass appearance and nuclear pseudoinclusions (A—C); characteristic
nuclear features in the setting of “plump” polygonal, tumor cells, with moderate to abundant, homogenous, eosinophilic
cytoplasm (D). HE staining: (A and D) x200; (B and C) *x400.
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Figure 3 — Assessment of the tumor-associated stromal fibrosis: absence of fibrosis (A); fibrosis grade 1, defined as
mild fibrosis, with the presence of few inconspicuous, delicate fibrous areas within or at the periphery of the tumor
nodule (B); fibrosis grade 2+, defined as moderate (C)/extensive (D) fibrosis that was clearly recognizable, with multiple
fibrotic bands within and at the periphery of the tumor nodule. HE staining: (A-D) *x40.
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Table 1 — Microscopic appearance of papillary thyroid microcarcinoma foci and BRA

V600E
F status

Morphological features

BRAF"*€ mutation

No. of positive cases (%) Positive, n=9 (%) Negative, n=16 (%) P

Peripheral, subcapsular location, n=14 (56) 8/9 (88.9) 6/16 (37.5) 0.013
Extrathyroidal extension, n=2 (8) 0/9 (0) 2/16 (12.5) 0.269
Multifocality, n=11 (44) 2/9 (22.2) 9/16 (56.3) 0.1
Histological variant:

= Conventional, n=11 (44) 719 (77.8) 4/16 (25) 0.05

= Follicular n=11 (44) 1/9 (11.1) 10/16 (62.5)

= Tall cell n=2 (8) 1/9 (11.1) 1/16 (6.2)

= Oncocytic, n=1 (4) 0/9 1/16 (6.2)
Positive resection margin, n=4 (16) 1/9 (11.1) 3/16 (18.8) 0.617
Tumor’s border:

= Well-delimited, non-encapsulated, n=3 (12) 0/9 (0) 3/16 (18.7) 0.065

= Encapsulated, n=4 (16) 0/9 (0) 4/16 (25)

= Infiltrative, n=18 (72) 9/9 (100) 9/16 (56.2)
Characteristic PTC nuclear features:

* Nuclear enlargement, n=25 (100) 9/9 (100) 16/16 (100)

= Overlapping, n=25 (100) 9/9 (100) 16/16 (100)

= Grooves, n=25 (100) 9/9 (100) 16/16 (100)

= Irregular nuclear membrane, n=25 (100) 9/9 (100) 16/16 (100)

= Chromatin clearing, n=21 (84) 9/9 (100) 12/16 (75) 0.102

= Pseudoinclusions, n=13 (52) 8/9 (88.9) 5/16 (31.3) 0.006

= “Sickle™-shaped, n=9 (36) 4/9 (44.4) 5/16 (31.3) 0.509

= Poorly developed PTC nuclei 0/9 4/16 (25) 0.101

= Well-developed PTC nuclei 9/9 (100) 12/16 (75)
Tumor-associated stromal reaction:

= None, n=7 (28) 0/9 7/16 (43.7)

= Fibrosis 1+, n=4 (16) 1/9 (11.1) 3/16 (33.3)

= Fibrosis 2+, n=14 (56) 8/9 (88.9) 6/16 (37.5) 0.032
“Plump”, pink cells, n=14 (56) 5/9 (55.6) 9/16 (56.3) 0.973
Intratumoral lymphocytic infiltrate, n=1 (4) 0/9 1/16 (6.3) 0.444
Back-to back arrangement, n=1 (4) 0/9 1/16 (6.3) 0.444
Intratumoral multinucleated giant cells, n=9 (36) 4/9 (44.4) 5/16 (31.2) 0.509
Psammoma bodies, n=4 (16) 2/9 (12.5) 2/16 (22.2) 0.524
Stromal calcification, n=2 (4) 1/9 (11.1) 1/16 (6.3) 0.667

BRAF: B-Raf proto-oncogene serine/threonine kinase; PTC: Papillary thyroid carcinoma.

The histological subtype of PTMC was established
according to the WHO criteria [1]. The diagnosis of
conventional PTC was based on the nuclear features and
evidence of papillary architecture that was pure or mixed
papillary and follicular architecture (Figure 1C). The
diagnosis of follicular variant of PTC was made when
the tumor consisted exclusively of small to medium
sized, irregularly shaped follicles, lined by cells with
characteristic PTC nuclear features and no papillary
structures (Figure 1D).

“Plump” tumor cells were defined as pink, polygonal
large tumor cells, with abundant, eosinophilic cytoplasm
and well developed PTC nuclear features. Not to be
included in the “tall cell” variant, the cell’s height needed
to be less than twice the width (not “tall” enough) [15, 16]
(Figure 2D).

The tumor cell nuclei were assessed for seven
characteristic PTC features, grouped into three categories:
(i) changes in the nuclear size and shape (enlargement and
overlapping), (if) irregularities of the nuclear membrane
(irregularity of the nuclear contours, grooves and pseudo-
inclusions) and (iii) chromatin characteristics (clearing
and ground glass appearance) (Figure 2, A—D). “Sickle”

nuclei were defined as smaller, eccentrically located nuclei,
with a particular sickle shape [18]. An interpretation of
well-developed PTC nuclear features was rendered when
>5 nuclear features were present, whereas subtle PTC
nuclear features were consisted when fewer (<4) nuclear
features were present.

Tumor-associated stromal reaction was also documented
and was scored as: absence of fibrosis, fibrosis grade 1+
and fibrosis grade 2+ (Figure 3). A fibrosis grade 1+ was
consistent with the presence of mild fibrosis features
(only few, inconspicuous, delicate bundles of collagen
fibers at the periphery or within the tumor nodule). Fibrosis
grade 2+, on the other hand, was defined as moderate/
extensive fibrosis, with clear evidence of thick, multiple
fibrotic bands within and at the periphery of the tumor
nodule [19].

The pathological evaluation was performed without
prior knowledge of the BRAF'*** mutational status of
the PTMC foci.

DNA extraction and BRAF'®° mutation
analysis

The area of interest (the tumor area) was marked on
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the HE staining prior to analysis. Using the HE staining
as a guide and a standard microscope, we performed a
manual macrodissection of the marked area. For each case,
five 4-um thick sections were used. The DNA material
was scraped from the preselected area and transferred to
an Eppendorf tube for DNA isolation using the Master
Pure™ DNA purification kit (Epicentre, Madison, WI,
USA), as previously described [20]. A spectrophotometer
(Eppendorf BioSpectrometer, Hamburg, Germany) was
used to determine both the yield (A260) and purity
(A260/A280 ratio) of isolated DNA in each case.

All PTMC:s foci were then subject to real-time poly-
merase chain reaction (RT-PCR) amplification targeting
the BRAF gene. Exon 15 of the BRAF gene was amplified
using a pair of selected primers (forward and reverse) in
order to flank the BRAF'** point mutation [20]. The
presence of the mutation was assessed by high resolution
melting (HRM) analysis. The samples revealed as positive
for BRAF*F mutation following HRM analysis (with a
slight deviation of the melting curve) were then further
analyzed for confirmation by Sanger sequencing.

Statistical analysis

The statistical analysis was performed using the
Epilnfo Software version 3.5.3 (CDC, Atlanta, USA).
Morphological features associated with BRAF"*™F mutation-
positive and BRAF'*°F mutation-negative PTMCs were
compared using the Fisher’s exact test. The level of
statistical significance was set at p<0.05.

=& Results

Nineteen PTMC cases with analysis of 25 tumor foci
were included in the study. Seventeen patients were
women and two men, aged between 24 to 79 years old.
Multifocality and extrathyroidal extension were described
in 11 (44%) and two (8%) PTMC cases, respectively. None
of the PTMCs had lymph node metastases.

More than half of the tumor foci (n=14, 56%) had
a peripheral, subcapsular location and only four (16%)
were associated with a positive resection margin. The
distribution of the histological subtypes of PTMC foci
was as follows: 11 conventional, 11 follicular variant of
PTC, two tall-cell and one oncocytic variant.

Out of the 25 PTMC foci, 16 (64%) were BRAF"*"F
negative, whereas nine (36%) were BRAF"*"°F positive,
revealing the BRAF'*"® mutation following both HRM
analysis and Sanger sequencing. The association of the
tumor morphology and BRAF"*** mutation is shown in
Table 1.

Most of the BRAF'*™F positive PTMC foci were
conventional PTC (7/9, 77.8%), whereas only one follicular
variant of PTMC foci was associated with the mutation
(179, 11.1%) (p=0.05). An infiltrating tumor border was
more prevalent among BRAF'*F positive PTMC foci
(9/9, 100%), compared to BRAF'*“F negative ones
(9/16, 56.2%), but the difference did not reach statistical
significance (p=0.65).

Our data showed that subcapsular (superficial) locali-
zation of the tumor was significantly associated with the
mutation (p=0.013). Moreover, tumor-associated stromal
reaction (moderate/extensive fibrosis corresponding to
fibrosis grade 2+) was also significantly more prevalent

among BRAF*F positive (8/9, 88.9%), compared to
BRAF" negative (6/16, 37.5%) PTMC foci (p=0.032).

Characteristic PTC nuclear features did not differ
significantly among the study groups, except for the
nuclear pseudoinclusions, present in 8/9 (88.9%) BRAF"*®
positive, compared to only 5/16 (31.2%) BRAF'F
negative PTMC foci (p=0.006). “Sickle”-shaped nuclei
were identified in nine (36%) PTMC foci, with almost
equal distribution among BRAF " positive (n1=4, 44.4%),
and BRAF'*°F negative (n=5, 31.2%) cases (p=0.509).
Well-developed PTC nuclear features were present in all
BRAF" positive PTMC foci (9/9, 100%), compared to
12/16 BRAF"°F negative PTMC foci, but the difference
did not reach statistical significance.

“Plump”, pink tumor cells were identified in 14 (56%)
cases, with almost equal distribution among BRAF"*""
positive and BRAF*** negative PTMC foci (55.6% versus
56.3%, p=0.973). Intratumoral multinucleated giant cells,
on the other hand, were slightly more prevalent among
BRAF*™ positive PTMC foci (44.4% versus 31.2%,
p=0.509). Other morphological features (intratumoral
lymphocytic infiltrate, back-to-back arrangement,
psammoma bodies and stromal calcification) were only
sparsely present (one, one, four and two cases,
respectively), with no statistically significant differences
according to the BRAFY"F mutation status (Table 1).

= Discussions

The BRAF*" mutation represents a very specific
marker for PTC [21, 22]. As this mutation seems to be
involved in PTC tumorigenesis, it has been suggested
that it might also serve as a prognostic factor for PTC.
However, literature data is yet controversial. Some studies
have found only little or no evidence towards this asso-
ciation [23-25], including the 2015 American Thyroid
Association (ATA) guidelines [26]. Many other recent
studies, on the other hand, have linked the mutation to
aggressive features of PTC (including PTMC) [14, 27-32],
such as extrathyroidal extension, lymph node metastasis,
tumor recurrence, or even advanced Tumor-Node-Meta-
stasis (TNM) stage, according to some authors [30]. Thus,
the precise landscape of the BRAF"** mutation and its
hallmark upon the patient’s outcome are far from being
completely elucidated.

Recently, several studies have highlighted the impor-
tance of morphology in predicting the BRAF**F mutation
status in PTC cases, including PTMCs [15, 16, 18, 19,
33]. PTCs with and without BRAF'*°* mutation appear
to be morphologically distinct as demonstrated by Virk
et al. [16]. Thus, the morphological criteria could be
an extremely valuable diagnostic tool, moreover since
assessing the BRAF'*"® mutation in all PTCs is expensive
and not available to all pathology laboratories. The
BRAF"*™ mutated PTC cases are more likely to have
tumor-associated stromal fibrosis, infiltrative, poorly-
delimited tumor margins, conventional or tall-cell histology,
subcapsular (superficial) tumor location, multifocality/
intraglandular tumor spread, polygonal, eosinophilic (“plump
cells”) or well-developed nuclear features of PTC [16, 19].
These differences were also noted in PTMCs [15, 28].

This morphological perspective appears as a possible
complementary tool in selecting those PTMC cases
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(BRAFY™® mutated) in which additional, post-surgery
treatment would be justified [33] or, by contrast, tumors
that have negligible clinical risk (BRAF'*F wild type)
[28].

In the present study, we aimed to identify those
morphological features that could predict the presence
of the BRAF"*™F mutation in a series of PTMCs in our
Department. Our results have shown that subcapsular
(superficial) localization (p=0.013), conventional histo-
logical type (p=0.005), tumor-associated stromal reaction
(»=0.003) and evidence of nuclear pseudoinclusions
(p=0.0006) are significantly associated with the presence
of the BRAF"*** mutation in PTMCs. Our results are in
accordance with previously published data [15, 19, 28,
30]. Virk et al. have also demonstrated that BRAF"%"F
positive PTMCs are significantly associated with tumor-
associated fibrosis and desmoplasia, infiltrating tumor
borders, cystic changes and classic nuclear features of
PTC [15]. Regarding the tumor borders, in our study,
an infiltrating pattern was also more prevalent among
BRAF"*™ positive PTMC foci, compared to BRAF "
negative ones, but the difference did not reach statistical
significance (p=0.65).This might be related to the low
number of PTMC foci that we have tested for the
presence of the BRAF"*"F mutation, which represents a
limitation of our study. However, despite this limitation,
we have performed a complete morphological character-
rization for all the cases included in the study (19 PTMC
cases, with analysis of 25 PTMC foci) and succeeded to
highlight the importance of some simple, easy to evaluate
morphological parameters, highly predictive for the
presence of the BRAF'*F mutation in PTMCs, as
demonstrated by other studies as well.

A combined molecular-pathological scoring system
for risk stratification in PTMC was recently proposed by
Niemeier et al. [19]. The following factors were included
in this score: superficial tumor location, tumor-associated
stromal fibrosis, multifocality/intraglandular tumor spread
and BRAF"*** mutation. We also found superficial tumor
location and tumor-associated stromal fibrosis to be present
together in BRAF"** mutated PTMC foci.

BRAF"*™ has also been reported as associated with
lymph node involvement [28]. Our data showed that none
of the PTMC cases included in the study had lymph node
metastasis. One explanation could be the low rate of
lymph node dissection performed by the surgeons in our
Institution, in echographically suspicious cases only.

& Conclusions

To sum up, our results have pointed out the value of
several morphological features (subcapsular localization,
conventional histological type, tumor-associated stromal
reaction and nuclear pseudoinclusions) in predicting a
BRAF'™® mutation profile in PTMCs. All these parameters
should be documented in the histopathological report
as they seem to be associated with the presence of the
BRAF"®F mutation and could serve as a risk stratification
tool in the selection of patients in need for adjuvant post-
surgery therapy.
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