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Thyroid tumors formerly classified as non-invasive encapsulated follicular variant of papillary thyroid carcinoma
were recently renamed ‘non-invasive follicular thyroid neoplasm with papillary-like nuclear features’. The current
study investigated the frequency of lymph node metastasis and mutational profile of encapsulated follicular variant
in the setting of a clinical practice where central neck dissection was the standard of practice. We defined the
impact of rigid diagnostic criteria by regrouping such tumors based on the complete absence of papillae or
presence of ≤1% papillae. Of a total of 6,269 papillary thyroid carcinomas, 152 tumors fulfilled the criteria for
encapsulated follicular variant. The results were stratified according to two different diagnostic cutoff criteria with
respect to the extent of papillae. When the cutoff of 1% papillae was used, the rates of lymph node metastasis and
BRAFV600E mutation were 3% and 10% in non-invasive tumors and 9% and 4% in invasive tumors, respectively.
Despite the lack of invasive growth, one patient with BRAFV600E mutant-tumor displaying predominant follicular
growth and subtle papillae developed a bone metastasis. When absence of papillary structure was applied as rigid
diagnostic criteria, no BRAFV600E mutation was found in all tumors. However, central lymph node micrometastasis
still occurred in 3% of non-invasive tumors. Non-V600E BRAF and RAS mutations were detected in 4% and 47% of
non-invasive tumors, respectively. Our findings suggest that non-invasive follicular thyroid neoplasm with
papillary-like nuclear features should not be regarded as a benign thyroid neoplasm as it can present with lymph
node micrometastasis and should not be diagnosed in the presence of even a single papillary structure. Our
findings underscore the original American Thyroid Association recommendation that defined non-invasive
encapsulated follicular variants as low risk thyroid cancers. Clinical surveillance similar to low risk differentiated
thyroid cancers and capture of this diagnostic category by Cancer Registries should be considered.
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The worldwide incidence of thyroid cancer is on the
rapid rise.1–5 The increased incidence has been
linked to over detection of small papillary thyroid
carcinomas due to increased sonographic screening
in asymptomatic healthy populations.1–6 In addition,
the increased recognition of encapsulated follicular
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variant of papillary thyroid carcinoma has been
thought to be a contributing factor for the increasing
incidence.7–9 Recent studies have demonstrated that
non-invasive encapsulated follicular variant of papil-
lary thyroid carcinoma accounts for around 10–20%
of all thyroid cancers diagnosed in some practices in
North America and Europe.9,10 In fact, the diagnosis
of non-invasive encapsulated follicular variant of
papillary thyroid carcinoma has been a challenge
given the lack of universal agreement on the low
threshold diagnostic nuclear alterations of papillary
thyroid carcinoma.11,12 As a consequence, a signifi-
cance intra- and inter-observer variation has been
reported even among experts in the distinction of
papillary thyroid carcinoma.13,14 Despite controver-
sies in the field, it has been shown that non-invasive
encapsulated follicular variant of papillary thyroid
carcinoma overall follows a less aggressive clinical
course than infiltrative follicular variant of papillary
thyroid carcinoma and other variants of papillary
thyroid carcinoma.15,16 Consistent with this
approach, several social health systems have devel-
oped practice guidelines to adopt a conservative
approach for non-invasive encapsulated follicular
variant of papillary thyroid carcinomas. However, a
conservative approach has not been undertaken
globally. In response, a group of experts recently
suggested that non-invasive encapsulated follicular
variant of papillary thyroid carcinomas be re-
classified as ‘non-invasive follicular thyroid neo-
plasm with papillary-like nuclear features’ instead of
keeping the word ‘cancer’ in the nomenclature.10,11

The precise frequency of lymph node metastasis in
low risk thyroid cancer and especially in non-
invasive follicular thyroid neoplasm with papillary-
like nuclear features is difficult to determine reliably
in most clinical series as almost all specimens lack
routine neck dissection.10,17 Unlike most Western
practices, surgical practice in South Korea has
generally adopted prophylactic central lymph node
dissection in thyroid cancer surgery.18 The strength
of such a surgical practice is that it provides
invaluable insights on the status of lymph node
status in different forms of encapsulated follicular
variant of papillary thyroid carcinomas including
non-invasive lesions that would be classified as non-
invasive follicular thyroid neoplasm with papillary-
like nuclear features.

At the molecular level, it has been clear that
encapsulated follicular variant of papillary thyroid
carcinoma, follicular adenoma, and follicular carci-
noma share similar molecular alterations character-
ized by a high frequency of RAS mutations, the
presence of PAX8-PPARγ rearrangement, and rare
BRAF mutations.10,19–24 Absence of BRAFV600E is
regarded as a characteristic feature of non-invasive
encapsulated follicular variant of papillary thyroid
carcinoma23,24 but BRAFV600E has been found in
invasive forms of encapsulated follicular variant of
papillary thyroid carcinoma with varying rates from
0 to 30.9%.20,22,25–28 One of the possible contributing

factors to the variable prevalence of BRAFV600E is
different pathologic diagnostic criteria used in the
studies to select encapsulated follicular variant of
papillary thyroid carcinomas. While some experts
have recommended the absence of papillae as a
criterion for the distinction of follicular variant of
papillary thyroid carcinoma from classical papillary
thyroid carcinoma with predominant follicular
growth,29 an arbitrary cutoff of 1% papillary growth
was allowed in the non-invasive follicular thyroid
neoplasm with papillary-like nuclear features con-
sensus study.10

In this study, we aimed to investigate the
frequency of lymph node metastasis and mutational
profile in completely examined thyroidectomy spe-
cimens with non-invasive and invasive encapsulated
follicular variant of papillary thyroid carcinomas in
the setting of a surgical practice where the routine
central neck dissection was the standard of practice.
In addition, we examined the impact of rigid
diagnostic criteria by regrouping such tumors based
on the absence of any papillae or presence of ≤ 1%
papillae.

Materials and methods

Study Cohort and Sample Collection

This study evaluated patients who underwent thyroi-
dectomy at Seoul St Mary’s Hospital from January 2008
to December 2014. Of a total of 6,269 patients diag-
nosed with papillary thyroid carcinoma, 175 patients
had tumors that fulfilled the published criteria for
encapsulated follicular variant of papillary thyroid
carcinoma (Figure 1). The tumor capsule and tumor/
adjacent thyroid tissue interface along with the rema-
ining tumor content was submitted entirely for micro-
scopic examination. In addition, the histological
examination of the entire thyroid gland was also
performed. All histologic slides were examined

Figure 1 Algorithmic summary chart of tumor groups that met
inclusion/exclusion criteria for the study population. EFVPTC,
encapsulated follicular variant of PTC; PTC, papillary thyroid
carcinoma.
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Figure 2 Morphologic features of non-invasive (a–c) and invasive (d–f) encapsulated follicular variant of papillary thyroid carcinoma. (a)
A non-invasive tumor illustrated in this photograph. The tumor was clearly demarcated from the surrounding non-lesional thyroid
parenchyma by a thin capsule. Serial sections of the tumor and the thyroid tissue were entirely submitted for the microscopic
examination. (b) The grossly illustrated tumor was completely composed of follicular structures surrounded by a fibrous capsule (×40). (c)
The tumor cells displayed nuclear features of papillary thyroid carcinoma characterized by nuclear enlargement, crowding/overlapping,
irregular contours, grooves and chromatin clearing (×400). (d) This photomicrograph illustrates an encapsulated follicular variant of
papillary thyroid carcinoma with a focus of invasive growth (arrow) (×12.5). (e) A high magnification from the site of invasive growth is
illustrated (×100). (f) This tumor displayed nuclear features of papillary thyroid carcinoma characterized by nuclear membrane
irregularities in enlarged nuclei (×400).

Modern Pathology (2017) 30, 810–825

Impact of rigid diagnostic criteria

812 U Cho et al



independently by two experienced pathologists (UC
and CKJ) with a special interest in thyroid pathology
and blinded to the clinical and molecular results. Serial
and deeper sections were performed whenever
required. Tumors with equivocal histologic features
(e.g., rare scattered papillary structures, growth pattern,
and questionable capsular or vascular invasion),
lymph node metastasis, or BRAFV600E mutation were
also reviewed by an external expert in thyroid
pathology (OM).

The selection of encapsulated follicular variant of
papillary thyroid carcinoma was made according to
the consensus diagnostic criteria proposed in the
paper ‘Nomenclature Revision for Encapsulated
Follicular Variant of Papillary Thyroid Carci-
noma’.10 The major diagnostic criteria for the
encapsulated follicular variant of papillary thyroid
carcinoma were as follows (Figure 2): (1) complete or
partial encapsulation or clear demarcation of the
tumor from adjacent non-tumor tissue, (2) lack of
invasion, (3) follicular growth pattern, (4) nuclear
features of papillary thyroid carcinoma (enlarge-
ment, crowding/overlapping, elongation, irregular
contours, grooves, pseudoinclusions and chromatin
clearing).10 Exclusion criteria were as follows
(Figure 2): (1) when entire tumor tissue was not
submitted for microscopic examination, (2) cases
with a second tumor of 41 cm, (3) tumors with any
of the following: any amount of dedifferentiated
component, 41% papillary structure, necrosis,
psammoma bodies, mitotic figures ≥3 per 10 high-
power fields (×400), or any special cytomorphologic
variant of papillary thyroid carcinoma according to
the consensus study of encapsulated follicular
variant of papillary thyroid carcinoma.10 Encapsu-
lated follicular variant of papillary thyroid carcino-
mas were subdivided into invasive encapsulated
follicular variant of papillary thyroid carcinoma and
non-invasive encapsulated follicular variant of papil-
lary thyroid carcinoma according to the status of
tumor capsular and vascular invasion. The presence
of vascular invasion was acknowledged when inva-
sion foci were present within or beyond the capsule,
and when invasive tumor cells protruded into the
lumen of the vessel were covered by endothelial
cells or attached to the vessel wall or associated with
thrombus formation. As a result, 23 cases were
excluded due to unmet inclusion criteria and 152
patients with encapsulated follicular variant of
papillary thyroid carcinoma were enrolled in this
study when the diagnostic cutoff of ≤ 1% papillae is
applied (Figure 1).

Following the ethical board approval of Seoul St
Mary’s Hospital, The Catholic University of Korea
(KC16RISI0038), patient demographics data and
follow-up information were retrospectively collected
from the hospital medical records as well as the
thyroid tumor registry. Pathologic stages were cate-
gorized according to the 7th edition of the TNM
classification and stage grouping by the American
Joint Committee on Cancer.

Molecular Analysis of BRAF, NRAS, HRAS, and KRAS
Genes

Genomic DNA was extracted from two 10-μm
sections of formalin-fixed, paraffin-embedded tissue
blocks. The representative slides from invasive and
non-invasive tumors were selected and marked.
Subsequently, the neoplastic tissue was manually
microdissected under a stereomicroscope. DNA
extraction was performed using the QIAamp DNA
Mini Kit (Qiagen, Hilden, Germany) according to
manufacturer’s instruction. Exon 15 of BRAF gene,
exon 3 of NRAS and HRAS genes, and exons 2 and 3
of KRAS gene were amplified using polymerase
chain reaction (PCR) with following primers; BRAF
exon 15–224 bp-forward (5′-TCATAATGCTTGCTCT
GATAGGA-3′) and reverse (5′-GGCCAAAAATTTAA
TCAGTGGA-3′); NRAS-exon 3-197 bp-forward (5′-C
CCCTTACCCTCCACACC-3′) and reverse (5′-GAGGT
TAATATCCGCAAATGACTT-3′); HRAS-exon 3-201
bp-forward (5′-GTCCTCCTGCAGGATTCCTA-3′)
and reverse (5′-CGGGGTTCACCTGTACT-3′); KRAS-
exon 2-263 bp-forward (5′-GGTGAGTTTGTATTAA
AAGGTACTGG-3′) and reverse (5′-TCCTGCAC
CAGTAATATGCA-3′); KRAS-exon 3-197 bp-forward
(5′-GGTGCACTGTAATAATCCAGAC-3′) and reve-
rse (5′- TGATTTAGTATTATTTATGGC-3′). The PCR
conditions were as follows: an initial activation at
94 °C for 15min; 35 cycles at 94 °C for 30 s, 51–57 °C
for 30 s and 72 °C for 30 s; final extension at 72 °C for
10min. The amplicons were evaluated by 2%
agarose gel electrophoresis and purified through
QIAquick PCR purification kit (Qiagen). Sequencing
of the amplified PCR products were done by Sanger
sequencing using the same PCR primers.20,30,31 For
tumors with rare BRAF mutations (mutations other
than BRAFV600E), (1) re-amplification, (2) repeat DNA
sequencing, and (3) bidirectional sequencing using
two new sets of primers were performed to confirm
the authenticity, as described by us earlier.32 More-
over, to identify the nucleotide composition of
deletion mutations, PCR amplicons were cloned
using the TOPO TA Cloning Kit (Invitrogen, Carls-
bad, CA, USA). The descriptions of the mutations
followed the ‘Guidelines for mutation nomenclature’
from Human Genome Variation Society.33 For BRAF
gene analysis, NBCI reference sequences-
NG_007873.1 and NM_004333.4 were used (www.
ncbi.nlm.nih.gov/nuccore).

Statistical Analysis

To analyze the correlation between mutational status
and clinicopathologic parameters, χ2-test or Fisher's
exact test was used when appropriate. Analyses were
done by using SPSS 21.0 (IBM, Armonk, NY, USA).

Results

The results were stratified into two groups based on
the extent of papillae in the tumor (Figure 1). When
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the cutoff of ≤ 1% papillary growth was used, 152
tumors were classified as encapsulated follicular
variant of papillary thyroid carcinoma (105 non-
invasive and 47 invasive encapsulated follicular
variant of papillary thyroid carcinomas). When the
cutoff of 0% papillae (strict diagnostic criteria) was
applied, there were 95 non-invasive and 45 invasive
encapsulated follicular variant of papillary thyroid
carcinomas.

Clinicopathologic and Molecular Features of Non-
Invasive and Invasive Encapsulated Follicular Variant
of Papillary Thyroid Carcinomas Classified by the
Inclusion of ≤ 1% Papillary Structure

Table 1 summarizes clinicopathologic characteristics
on 152 tumors classified as encapsulated follicular
variant of papillary thyroid carcinoma when the
cutoff of 1% papillary structure was applied. In this
group, there were no significant differences in the
baseline characteristics between invasive and non-
invasive tumors. Synchronous papillary microcarci-
noma was identified in 19 (18%) of 105 non-invasive
encapsulated follicular variant of papillary thyroid
carcinomas and 11 (23%) of 47 invasive encapsu-
lated follicular variant of papillary thyroid carcino-
mas. The median follow-up was 37 months (range
17–96 months).

Since 20 tumors were incidentally discovered,
lymph node dissection was available from 132 of 152
patients in this group. Lymph node metastasis was
identified in 3 (3%) of 88 non-invasive encapsulated
follicular variant of papillary thyroid carcinomas
and 4 (9%) of 44 invasive encapsulated follicular
variant of papillary thyroid carcinomas with lymph
nodes tissues available for evaluation. In 7 cases with
lymph node metastasis, the histology of metastatic
disease showed micrometastasis (o 2mm by defini-
tion), entirely of follicular growth pattern and
nuclear features of papillary thyroid carcinoma
similar to the main tumor (Figure 3). Lateral lymph
node metastasis was only found in one patient with
invasive encapsulated follicular variant of papillary
thyroid carcinoma.

The molecular studies for BRAF alterations were
available for 152 tumors in this group. The overall
BRAF mutation rate was 13% (14/105) in the non-
invasive encapsulated follicular variant of papillary
thyroid carcinoma and 9% (4/47) in the invasive
encapsulated follicular variant of papillary thyroid
carcinoma (Table 2). The BRAF alterations in the
105 non-invasive group included c.1799T4A
(BRAFV600E) (n=10), c.1801A4G (BRAFK601E)
(n=2), c.1799_1801del (BRAF V600E_K601delinsE)
(n=1), and c.1803_1814del (BRAF V601E_S605de-
linsN) (n=1). The BRAF alterations in the 47
invasive tumors included BRAFV600E (n=2) and
BRAFK601E (n=2). The rate of BRAFV600Emutation
status did not yield any statistical difference between
non-invasive and invasive tumors when the arbitrary
1% cutoff was applied (P=0.344).

To our knowledge, the BRAF V601E_S605delinsN
has not been reported in human cancers. This type of
mutation was detected in a 45 year old female with a
1.3 cm non-invasive encapsulated follicular variant
of papillary thyroid carcinoma. The postoperative
stage was pT1bN0M0. Cloning and sequencing
analysis showed 12-nucleotide deletion between
positions c.1803 and c.1814 (c.1803_1814del;

Table 1 Clinicopathologic features of 152 tumors classified as
encapsulated follicular variant papillary thyroid carcinoma when
the diagnostic cutoff of 1% papillae is used

Characteristic

Non-invasive
encapsulated

follicular variant
papillary thyroid

carcinoma
(n=105)

Invasive
encapsulated

follicular variant
papillary thyroid

carcinoma
(n=47) P-value

Tumor size (mm)a 13 (3–50) 13 (3–50) 0.551
Age (year)a 48 (20–83) 49 (23–75) 0.990

Gender
Female 68 (65%) 34 (72%) 0.358
Male 37 (35%) 13 (28%)

Extent of operation
Lobectomy 63 (60%) 29 (62%) 0.843
Total
thyroidectomyb

42 (40%) 18 (38%)

Synchronous microcarcinomac

Present 19 (18%) 11 (23%) 0.447
Absent 86 (82%) 36 (77%)

Central lymph node metastasisd

Present 3 (3%) 4 (9%) 0.221e

Absent 85 (97%) 40 (91%)

Lateral lymph node metastasisd
Present 0 1 (2%) 0.333e
Absent 88 (100%) 43 (98%)

Distant metastasis
Present 1 (1%) 1 (2%) 0.524e

Absent 104 (99%) 46 (98%)

Pathologic T (pT) stage
pT1 and pT2 101 (96%) 44 (94%) 0.677e

pT3 and pT4 4 (4%) 3 (6%)

American Joint Committee on Cancer tumor stage
I and II 98 (93%) 40 (85%) 0.131e
III and IV 7 (7%) 7 (15%)

BRAFV600E mutation
Present 10 (10%) 2 (4%) 0.344e

Absent 95 (90%) 45 (96%)

aThe parameters were presented as median (range). Mann-Whitney U
test was used for comparison between the two groups.
bSeven patients who underwent completion thyroidectomy were
included in the number of total thyroidectomy.
cThis parameter represents cases that had synchronous papillary
microcarcinoma other than encapsulated follicular variant of papillary
thyroid carcinoma.
dCervical lymph node dissection was available in 132 of 152 patients.
The remaining 20 tumors were identified incidentally, thus, no central
neck dissection was performed.
eFisher's exact test was used for comparison of between the two groups.
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Figure 3 Non-invasive encapsulated follicular variant papillary thyroid carcinoma (currently known as non-invasive follicular thyroid
neoplasm with papillary-like nuclear features) presenting with central node micrometastasis. No additional thyroid malignancy was seen
in the entirely submitted thyroidectomy specimen. (a) Low power view of case 1 showing non-invasive follicular thyroid neoplasm with
papillary-like nuclear features composed completely of follicular growth lacking any papillae (×40). The inserted photomicrograph
illustrates follicular epithelial cells with nuclear alterations of papillary thyroid carcinoma (×400). (b) A representative section from a
central lymph node showing micrometastatic tumor deposit (×40). The inserted photomicrograph illustrates nuclear alterations of
papillary thyroid carcinoma (×400). (c) The second case of non-invasive follicular thyroid neoplasm with papillary-like nuclear features
with central micrometastatic lymph node disease. The tumor displayed mixed microfollicular and macrofollicular growth pattern (×40).
(d) The tumor cells showed nuclear alterations of papillary thyroid carcinoma as well as ‘sprinkling sign’ (×400). (e) A representative
section from a central neck lymph node showing micrometastatic tumor deposit measuring less than 2 mm (×40). (f) The micrometastatic
tumor cells displayed enlarged nuclei and chromatin clearing. These cells retained their follicular arrangement in the metastatic lesion
(×400).

Modern Pathology (2017) 30, 810–825

Impact of rigid diagnostic criteria

U Cho et al 815



Figure 4). This mutation leads to the deletion of 5
amino acids, Lys-Ser-Ala-Trp-Ser between codons
600 and 606, and substitution of asparagine in that
position (p.Lys601_Ser605delinsAsn).

Clinicopathologic Features of Tumors with BRAFV600E

The BRAFV600E mutation was found in 12 (8%) of
152 encapsulated follicular variant of papillary
thyroid carcinomas and was more frequently detec-
ted in males (P=0.02). However, the BRAFV600Esta-
tus did not yield a statistical significance with
respect to the tumor size, age, extent of surgery,
synchronous papillary microcarcinoma, tumor inva-
siveness, lymph node metastasis, distant metastasis,
and tumor stage (Table 3).

Histologically, all 12 encapsulated follicular var-
iant of papillary thyroid carcinomas (10 non-
invasive and 2 invasive encapsulated follicular
variant of papillary thyroid carcinoma) harboring
BRAFV600E mutation displayed rare or scattered true
papillary structures which were present in less than
1% of the tumor volume (Figure 5). No papillae were
detected in encapsulated follicular variant of papil-
lary thyroid carcinomas with BRAF alterations other
than BRAFV600E mutations. There was no difference
between the BRAFV600E mutation status and histolo-
gic features including nuclear features, stromal
fibrosis, and thickness of fibrous capsule.

Of 12 tumors with BRAFV600E, one developed a
distant metastasis at the time of initial presentation.
The patient was a 53 year old male who presented
with right hip pain due to a cystic bone lesion at the
right iliac bone. Incisional biopsy of the iliac bone
revealed a metastatic well differentiated thyroid
cancer. The patient underwent total thyroidectomy
with central lymph node dissection and wide
excision of the metastatic bone lesion. The thyroi-
dectomy specimen was submitted in toto for micro-
scopic examination. The pathologic examination of
the thyroidectomy specimen showed a 0.6 cm non-
invasive papillary thyroid carcinoma with predomi-
nant follicular growth and scattered papillary struc-
tures (in up to 1%) in the right thyroid lobe. The
metastatic right iliac tumor measured 4.7 cm and
displayed a similar cytomorphology (Figure 6).

Despite serial and deeper sections, there was no
evidence of vascular or capsular invasion. No mitosis
or necrosis was also noted. No metastasis was found
in the cervical lymph nodes. Both primary and
metastatic tumors showed BRAFV600E mutation. The
patient had radioactive iodine treatment with a total
cumulative dose of 550mCi. There was no structural
disease recurrence during a follow-up of 86 months.

Clinicopathologic Characteristics and Molecular
Features of Non-Invasive and Invasive Encapsulated
Follicular Variant of Papillary Thyroid Carcinoma
Classified by Using Rigid Diagnostic Criteria (No
Papillary Structure)

In this group, papillary thyroid carcinomas showing
scattered true papillary structures (≤1% papillae) in
the background of predominant follicular growth
were re-classified as classical papillary thyroid
carcinoma with predominant follicular growth and
excluded from the encapsulated follicular variant of
papillary thyroid carcinoma cohort. Accordingly, the
number of patients with the diagnostic category of
non-invasive encapsulated follicular variant of papil-
lary thyroid carcinoma (currently would have been
re-classified as non-invasive follicular thyroid neo-
plasm with papillary-like nuclear features) dropped
from 105 to 95 by using rigid diagnostic criteria.
Demographics and clinicopathologic features of 95
patients with non-invasive follicular thyroid neo-
plasm with papillary-like nuclear features are shown
in Table 4. There was a female predominance
(female to male ratio = 2.1:1) and the median age
was 47 years.

Since 20 tumors were incidentally discovered,
lymph node dissection was available only from 120
of 140 patients in this group. Two patients (3%) with
non-invasive follicular thyroid neoplasm with
papillary-like nuclear features (unassociated with
synchronous papillary microcarcinoma or other
forms of thyroid cancer) had micrometastatic lymph
nodes in the central neck compartment (Figure 3).
The number of metastatic lymph nodes was 3
and 1, respectively. The micrometastatic foci were
considered for molecular subtyping; however, they
disappeared in the deeper sections. BRAF gene

Table 2 BRAF gene alterations in tumors classified as encapsulated follicular variant papillary thyroid carcinoma when the diagnostic
cutoff of 1% papillae is used

Nucleotide change Amino acid change

Non-invasive encapsulated
follicular variant papillary thyroid

carcinoma (n=105)

Invasive encapsulated follicular
variant papillary thyroid

carcinoma (n=47)
Total

(n=152)

Wild type — 91 (87%) 43 (91%) 134 (88%)
c.1799T4A p.Val600Glu 10 (10%) 2 (4%) 12 (8%)
c.1801A4G p.Lys601Glu 2 (2%) 2 (4%) 4 (3%)
c.1799_1801del p.Val600_Lys601delinsGlu 1 (1%) — 1 (1%)
c.1803_1814dela p.Lys601_Ser605delinsAsn 1 (1%) — 1 (1%)

aA novel mutation that has not been reported in thyroid cancer.
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mutations other than BRAFV600E were detected in 4
(4%) of 95 non-invasive follicular thyroid neoplasms
with papillary-like nuclear features. These alterations
included BRAFK601E (n=2), BRAF V600E_K601delinsE
(n=1), and BRAF V601E_S605delinsN (n=1) as above
described.

RAS mutational analysis was available in 127
cases (38 invasive encapsulated follicular variant of
papillary thyroid carcinomas and 89 non-invasive
follicular thyroid neoplasms with papillary-like
nuclear features) of this group. Overall mutation
frequency of three RAS genes was 47% (60/127).
NRAS, HRAS and KRAS mutation rates were 34, 9
and 4%, respectively (Table 5). RAS and BRAF
mutations were mutually exclusive. There was no
significant correlation between RAS mutational
status and clinicopathologic features (tumor inva-
siveness, tumor size, age, extent of surgery,

synchronous microcarcinoma, lymph node metasta-
sis, distant metastasis, and tumor stage).

The number of invasive encapsulated follicular
variant of papillary thyroid carcinoma dropped from
47 to 45 when the cutoff of 0% papillae was applied.
The excluded two invasive tumors displayed scat-
tered papillae and harbored BRAFV600E. Basic char-
acteristics of patients with invasive encapsulated
follicular variant of papillary thyroid carcinomas
lacking any papillae are shown in Table 4. Lymph
node metastasis was found in 3 (7%) of 42 invasive
encapsulated follicular variant of papillary thyroid
carcinomas with available central neck dissection.
One invasive encapsulated follicular variant of
papillary thyroid carcinoma had two metastatic
lesions in lateral lymph nodes.

There was no significant difference between the
non-invasive encapsulated follicular variant of

Figure 4 Electropherograms of a case harboring BRAF mutation of c.1803_1814del. (a) Direct sequencing of BRAF exon 15 PCR product
showed a 12-bp tail sequence in the wild type allele. (b) DNA cloning demonstrated deletion of 12 base pairs (ATCTCGATGGAG) in
between nucleotides positions c.1802 and c.1815.
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papillary thyroid carcinomas (non-invasive follicular
thyroid neoplasm with papillary-like nuclear fea-
tures) and invasive encapsulated follicular variant of
papillary thyroid carcinoma with respect to the
tumor size, age, gender, presence of synchronous
microcarcinoma, rate of lymph node metastasis,
tumor stage, and mutational status of BRAF and

RAS genes (Table 4). No biochemical or structural
recurrence occurred in both non-invasive encapsu-
lated follicular variant of papillary thyroid carci-
noma (non-invasive follicular thyroid neoplasm with
papillary-like nuclear features) and invasive encap-
sulated follicular variant of papillary thyroid carci-
noma patients during the follow-up period (median
36, range 17–96 months).

Discussion

The diagnostic category of encapsulated follicular
variant of papillary thyroid carcinoma refers to
follicular variant of papillary thyroid carcinomas
that shows either a well-defined complete capsule or
clear demarcation without any form of invasive
growth.29 There has been a considerable discrepancy
among pathologists regarding the diagnosis of
encapsulated follicular variant of papillary thyroid
carcinoma because tumors with follicular growth
pattern can show focal or subtle nuclear features of
papillary thyroid carcinoma. The recently published
diagnostic criteria sought to provide a diagnostic
standard for invasive encapsulated follicular variant
of papillary thyroid carcinoma and non-invasive
follicular thyroid neoplasm with papillary-like
nuclear features (formerly known as non-invasive
encapsulated follicular variant of papillary thyroid
carcinoma).10 This initiative also introduced a
molecular based nuclear scoring system that resulted
in a high inter-observer reproducibility for diagnos-
ing nuclear alterations among the working group
expert pathologists.10

In our non-invasive follicular thyroid neoplasm
with papillary-like nuclear features case series,
mutation rates were 47% for three RAS genes and
4% for non-V600E mutations of BRAF gene. These
findings are in alignment with the results of a
previous study in which RAS and BRAFK601E muta-
tions were found in 30 and 4% of non-invasive
follicular thyroid neoplasms with papillary-like
nuclear features (n=27), respectively.10

Earlier studies showed that BRAFV600E mutation
could be detected in infiltrative encapsulated folli-
cular variant of papillary thyroid carcinoma, but not
in non-invasive encapsulated follicular variant of
papillary thyroid carcinoma (currently known as
non-invasive follicular thyroid neoplasm with
papillary-like nuclear features).10,24,28 In fact, we
thought that several factors could contribute to the
detection of BRAFV600E in tumors with predominant
follicular growth. Among these possibilities, the use
of less rigid morphological criteria to distinguish
classical variant papillary thyroid carcinomas from
follicular variant of papillary thyroid carcinomas
should be questioned. In addition, subcentimeter
tumors (papillary microcarcinoma) in which scat-
tered papillary structures may be discerned could
have been inaptly included as encapsulated follicu-
lar variant of papillary thyroid carcinoma.28 Despite

Table 3 Correlation between clinicopathologic features and
BRAFV600E mutation status in 152 tumors classified as encapsu-
lated follicular variant papillary thyroid carcinoma when the
diagnostic cutoff of 1% papillae is used

BRAFV600E

Characteristic
Negative
(n=140) Positive (n=12) P-value

Tumor size (mm)a 13 (3–50) 11.5 (4–40) 0.352
Age (year)a 48 (20–83) 55 (33–63) 0.144

Gender
Female 98 (70%) 4 (33%) 0.020b

Male 42 (30%) 8 (67%)

Operation
Lobectomy 88 (63%) 4 (33%) 0.064b

Total
thyroidectomyc

52 (37%) 8 (67%)

Histologic subtype
Non-invasive
encapsulated
follicular variant

95 (68%) 10 (83%) 0.344b

Invasive
encapsulated
follicular variant

45 (32%) 2 (17%)

Synchronous microcarcinoma
Present 27 (19%) 3 (25%) 0.705b

Absent 113 (81%) 9 (75%)

Central lymph node metastasisd
Present 5 (4%) 2 (17%) 0.123b
Absent 115 (96%) 10 (83%)

Lateral lymph node metastasisd

Present 1 (1%) 0 0.999b

Absent 119 (99%) 12 (100%)

Distant metastasis
Present 1 (1%) 1 (8%) 0.152b

Absent 139 (99%) 11 (92%)

Pathologic T (pT) stage
pT1 and pT2 133 (95%) 12 (100%) 0.999b
pT3 and pT4 7 (5%) 0

American Joint Committee on Cancer tumor stage
I and II 128 (91%) 10 (83%) 0.305b

III and IV 12 (9%) 2 (17%)

aThe parameters were presented as median (range). Mann-Whitney U
test was used for comparison between the two groups.
bFisher's exact test was used for comparison of between the two
groups.
cSeven patients who underwent completion thyroidectomy were
included in the number of total thyroidectomy.
dCervical lymph node dissection was available in 132 of 152 patients.
The remaining 20 tumors were identified incidentally, thus, no central
neck dissection was performed.
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the lack of mutual agreement among experts, an
arbitrary cutoff of 1% papillary growth was intro-
duced in the non-invasive follicular thyroid neo-
plasm with papillary-like nuclear features consensus
paper.10 In the current study, BRAFV600E mutation
was detected in 12 (8%) of 152 encapsulated

follicular variant of papillary thyroid carcinomas
when by using the arbitrary cutoff of 1% papillae.
However, our retrospective review of both non-
invasive and invasive tumors harboring BRAFV600E
mutation identified scattered true papillary structure
accounting for less than 1% of the tumor volume in

Figure 5 BRAFV600E harboring papillary carcinoma with scattered papillae (a, b—case no. 1; c, d—case no. 2; e, f—case no. 3). Only a few
sections from such tumors displayed scattered papillae in the background of predominant follicular growth accounting for at least 99% of
the tumor volume (arrows indicated papillary structures). Papillary structures contained fibrovascular stroma (arrows).
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such cases. Our results justified that the proposed
arbitrary cutoff of 1% papillae may give rise to
diagnostic discrepancies and can lead to a misclas-

sification of biologically more aggressive variants of
papillary thyroid carcinomas as non-invasive folli-
cular thyroid neoplasm with papillary-like nuclear

Figure 6 Tumor harboring BRAFV600E and classified as non-invasive encapsulated follicular variant papillary thyroid carcinoma
presented with a bone metastasis. (a) The thyroidectomy specimen was submitted in toto and only a single focus of malignancy was noted.
Serial and deeper sections from this tumor lacked evidence of invasive growth (×40). (b) A single focus of papillary structure was noted
(×200). (c) The tumor displayed predominantly a microfollicular growth as well as nuclear features of papillary thyroid carcinoma (×400).
(d) Right pelvic metastasis (arrows) was highlighted on bone scan and positron emission tomography–computed tomography. Pelvic
computed tomography showed an osteolytic metastatic tumor of the bone. (e) Gross examination of the resected bone identified the
presence of a mixed cystic and solid mass centered in the medulla. (f) Light microscopic examination from the metastatic right pelvic mass
revealed a papillary thyroid carcinoma with predominant follicular growth admixed with scattered papillae (×100).
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features. The most dramatic example was seen in a
BRAFV600E harboring tumor with predominant folli-
cular growth tumor that presented with distant
metastasis. In fact, this tumor was re-classified as a
classical variant papillary thyroid carcinoma with
predominant follicular growth. The findings of this
cohort suggest that the diagnosis of non-invasive
follicular thyroid neoplasm with papillary-like

nuclear features and invasive encapsulated follicular
variant of papillary thyroid carcinoma should only
be restricted to follicular patterned tumors lacking
any papillary structure. Therefore, tumors with
scattered papillae (even in the presence of a single
true papillary structure) should be considered as a
classical variant papillary thyroid carcinoma as
suggested by other experts.29

Table 4 Clinicopathologic features of patients with 140 tumors classified as encapsulated follicular variant papillary thyroid carcinoma
when the diagnostic cutoff of 0% papillae is applied

Characteristic

Non-invasive encapsulated follicular variant papillary
thyroid carcinoma (non-invasive follicular thyroid

neoplasm with papillary-like nuclear features, n=95)

Invasive encapsulated follicular
variant papillary thyroid carcinoma

(n=45) P-value

Tumor size (mm)a 13 (3–50) 13 (3–50) 0.655
Age (year)a 47 (20–83) 48 (23–75) 0.906

Gender
Female 64 (67%) 34 (76%) 0.324
Male 31 (33%) 11 (24%)

Extent of operation
Lobectomy 59 (62%) 29 (64%) 0.789
Total

thyroidectomy
36 (38%) 16 (36%)

Synchronous microcarcinoma
Present 18 (19%) 9 (20%) 0.883
Absent 77 (81%) 36 (80%)

Central lymph node metastasisb

Present 2 (3%) 3 (7%) 0.342c
Absent 76 (97%) 39 (93%)

Lateral lymph node metastasisb

Present 0 1 (2%) 0.350c

Absent 78 (100%) 41 (98%)

Distant metastasis
Present 0 1 (2%) 0.321c
Absent 95 (100%) 44 (98%)

Pathologic T (pT) stage
pT1 and pT2 91 (96%) 42 (93%) 0.681c

pT3 and pT4 4 (4%) 3 (7%)

American Joint Committee on Cancer tumor stage
I and II 89 (94%) 39 (87%) 0.200c

III and IV 6 (6%) 6 (13%)

BRAFV600E mutation
Present 0 0 not available
Absent 95 (100%) 45 (100%)

Other BRAF mutation
Present 4 (4%)d 2 (4%)e 0.999c

Absent 91(96%) 43 (96%)

RAS mutation (total)f
Present 42/89 (47%) 18/38 (47%) 0.985
Absent 47/89 (53%) 20/38 (53%)

aThe parameters were presented as median (range). Mann–Whitney U-test was used for comparison between the two groups.
bCervical lymph node dissection was available in 120 of 140 patients. The other 20 patients were found incidentally, thus, no central neck
dissection was available.
cFisher's exact test was used for comparison of between the two groups.
dMutations included c.1801A4G (n=2), c.1799_1801del (n=1) and c.1803_1814del (n=1).
eMutations included c.1801A4G (n=2).
fMutational analysis was available in 127 of the 140 tumors. NRAS, HRAS and KRAS mutations were found in 43, 12, and 5 cases, respectively.
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At this time, non-invasive encapsulated follicular
variant of papillary thyroid carcinoma or non-
invasive follicular thyroid neoplasm with papillary-
like nuclear features remains a surgical diagnostic
category and it does not warrant an aggressive
treatment with total thyroidectomy and radioactive
iodine. Non-invasive follicular thyroid neoplasm
with papillary-like nuclear features demonstrates
molecular phenotypes similar to those of follicular
patterned neoplasms including follicular adenoma,
follicular carcinoma, and infiltrative encapsulated
follicular variant of papillary thyroid carcinoma.10
Based on the literature review, the mean rates of
lymph node metastasis have been reported to occur
in 12, 21, and 40% of infiltrative encapsulated
follicular variant of papillary thyroid carcinomas,
follicular variant of papillary thyroid carcinomas
(regardless of encapsulation and invasion status),
and classical papillary thyroid carcinomas,
respectively.17,34 No lymph node metastasis has
been reported in recent studies of non-invasive
follicular thyroid neoplasms with papillary-like
nuclear features.10,17 However, the latter should be
interpreted with caution as most surgical practices
have not adopted a routine prophylactic lymph node
dissection in the absence of clinical lymph node
involvement, thus, the status of pN (pathological
node status) is mostly unavailable in the vast
majority of cases falling into the category of non-
invasive follicular thyroid neoplasm with papillary-
like nuclear features.

Unlike most Western practices, surgical practice in
South Korea has generally adopted prophylactic
central lymph node dissection in thyroid cancer
surgery.18 The strength of such a surgical practice is
that it provides invaluable insights on the status of
lymph node status in different forms of encapsulated
follicular variant of papillary thyroid carcinomas
including non-invasive lesions that would be

classified as non-invasive follicular thyroid neo-
plasm with papillary-like nuclear features. In the
current series, the rate of metastatic nodal disease
was 3% (2/78) in non-invasive follicular thyroid
neoplasm with papillary-like nuclear features and
7% (3/42) in invasive encapsulated follicular variant
of papillary thyroid carcinoma when the tumor was
classified in the absence of papillae. The overall
rates of lymph node metastasis were higher when the
diagnostic categories of non-invasive follicular thyr-
oid neoplasm with papillary-like nuclear features
and invasive encapsulated follicular variant of
papillary thyroid carcinoma were rendered in the
setting of ≤1% papillae.

Patients with non-invasive follicular thyroid neo-
plasm with papillary-like nuclear features (based on
0% papillae) have not developed loco-regional or
distant recurrence in the published series, and our
cohorts identified only micrometastasis in central
neck lymph nodes.10,17 The detection of such
microscopic deposits would be impossible if central
neck dissection was not performed. However, the
overall findings are still in line with the categoriza-
tion of non-invasive follicular thyroid neoplasm with
papillary-like nuclear features as a form of low risk
papillary carcinoma (generally thought to have
1–2% risk of structural disease recurrence after
initial therapy) as defined by the recurrence risk
stratification system proposed by the most recent
American Thyroid Association guidelines.35

An additional strength of the current study is
related to the fact the entire tumor tissue was
subjected to microscopic examination along with
serial and/or deeper section. Despite its importance,
the complete sampling of the tumor capsule interface
is still not the standard of practice in most
laboratories. While meticulous histological examina-
tion of the tumor capsule interface is the most
important approach to exclude tumor capsular or

Table 5 Mutational profile of RAS in encapsulated follicular variant papillary thyroid carcinoma when the diagnostic cutoff of 0%
papillae is applied

Nucleotide change
Amino acid

change

Non-invasive encapsulated follicular variant
papillary thyroid carcinoma (non-invasive

follicular thyroid neoplasm with papillary-like
nuclear features, n=89)

Invasive encapsulated follicular
variant papillary thyroid

carcinoma (n=38)
Total

(n=127)

RAS (total) 42 (47%) 18 (47%) 60 (47%)

NRAS 43 (34%)
c.181C4A p.Gln61Lys 10 (11%) 0 10 (8%)
c.182A4G p.Gln61Arg 19 (21%) 14 (37%) 33 (26%)

HRAS 12 (9%)
c.181C4A p.Gln61Lys 1 (1%) 1 (3%) 2 (2%)
c.182A4G p.Gln61Arg 9 (10%) 1 (3%) 10 (8%)

KRAS 5 (4%)
c.35G4T p.Gly12Val 0 1 (3%) 1 (1%)
c.182A4G p.Gln61Arg 2 (2%) 0 2 (2%)
c.180_181TC4AA p.Gln61Lys 1 (1%) 1 (3%) 2 (2%)
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vascular invasion, the authors believe that a careful
examination of the entire tumor tissue is also critical
to determine whether there are any scattered
papillae, mitotic figures (≥3/10 HPF), necrosis,
psammoma bodies, and other growth patterns. These
observations also justify the need for evidence-based
professional global practice guidelines on adequate
tumor tissue sampling and validation of criteria used
for invasive growth.

Another significant finding of this study is related
to relatively low incidence of non-invasive follicular
thyroid neoplasm with papillary-like nuclear features
when submitting the entire tumor capsule and
performing serial/deeper sectioning. The incidence
of non-invasive follicular thyroid neoplasm with
papillary-like nuclear features was estimated to be
around 18% of total papillary thyroid carcinomas in
the North America and Europe.9,10,25 In the current
series, the rate of non-invasive encapsulated follicular
variant of papillary thyroid carcinoma (non-invasive
follicular thyroid neoplasm with papillary-like
nuclear features) was 2% (105/6,269). While follicular
variant of papillary thyroid carcinoma is still the
second most common variant of papillary thyroid
carcinoma in Korean population, the proportion of
follicular variant of papillary thyroid carcinoma is
relatively lower in Korea than North America and
Europe.30,36 Geographical and ethnic differences as
well as non-unified diagnostic criteria could have
influenced on this gap. However, one can also
speculate that the incidence of non-invasive follicular
thyroid neoplasm with papillary-like nuclear features
might be overestimated in certain practices when the
tumor tissue was not entirely submitted. Now that the
consensus diagnostic criteria and the non-invasive
follicular thyroid neoplasm with papillary-like
nuclear features nomenclature are being adopted by
the upcoming fourth edition of the WHO classifica-
tion, additional epidemiology data will be gathered
from different practices.

Additional findings related to molecular correlates
of these neoplasms, the authors noted four encapsu-
lated follicular variant of papillary thyroid carcino-
mas harboring BRAFK601E. This finding is in
alignment with previous reports suggesting the
association of K601E mutation with encapsulated
follicular variant of papillary thyroid carcinoma
rather than classic papillary thyroid
carcinomas.27,32,37 Moreover, the authors identified
a new BRAF mutation (c.1803_1814del in exon 15)
that has not been reported before in thyroid cancer.
This mutation results in the deletion of five amino
acids, Lys-Ser-Ala-Trp-Ser positioned from codon
601 to 605, and subsequent substitution of aspar-
agine in that position. The change of amino acids in
this position is expected to have similar effect with
that from BRAFK601E because the mutation occurs at
the activation loop (A-loop binding pocket, residues
593-622) of the BRAF protein.27,32 Oncogenic muta-
tions in this location results in constitutive activa-
tion of the MAPK pathway. Protein alterations due to

three uncommon mutations (c.1801A4G,
c.1799_1801del, c.1803_1814del) were predicted
using a computational analysis tool (Protein Varia-
tion Effect Analyzer), and all were predicted to have
deleterious effect. However, exact mechanism on
how c.1803_1814del affects protein function and its
kinase activity require further clarification.

Conclusion

In contrast to Western literature, the rate of non-
invasive follicular thyroid neoplasm with papillary-
like nuclear features is significantly lower in Korea
with a rate of 2%. This may be due to complete
assessment of the tumor tissue; however, the possi-
bility of an ethnical or environmental factor cannot
also be excluded. More importantly, our results
showed that the arbitrary cutoff of 1% misclassified
non-invasive classical papillary thyroid carcinomas
with predominant follicular architecture as non-
invasive follicular thyroid neoplasm with papillary-
like nuclear features. Using the more rigid histologic
criteria, all BRAFV600E-harboring encapsulated folli-
cular variant of papillary thyroid carcinomas were
re-classified as classic papillary thyroid carcinoma
with predominant follicular growth as proposed by
other experts.29 Therefore, the diagnosis of non-
invasive follicular variant of papillary thyroid
carcinoma (non-invasive follicular thyroid neoplasm
with papillary-like nuclear features) and infiltrative
follicular variant of papillary thyroid carcinoma
should only be restricted to tumors displaying
exclusive follicular pattern lacking true papillae. In
addition, the adoption of routine central neck
dissection even in the absence of clinical nodal
disease showed that around 3% of non-invasive
follicular thyroid neoplasm with papillary-like
nuclear features (completely submitted, assessed
with serial sections, and unassociated with another
focus of malignancy) presented with micrometastatic
disease in the central neck lymph nodes. Despite the
identification of micrometastasis, the follow-up data
justified non-invasive follicular thyroid neoplasm
with papillary-like nuclear features or non-invasive
encapsulated follicular variant of papillary thyroid
carcinoma being associated with an indolent clinical
behavior identical to low risk papillary thyroid
carcinomas. Therefore, no aggressive treatment with
completion thyroidectomy and radioactive iodine is
required for this diagnostic category. The concept of
non-invasive follicular thyroid neoplasm with
papillary-like nuclear features is still under evolu-
tion; however, labeling such tumors as benign
diagnostic entities38 does not seem to be appropriate
as conservative follow-up algorithms similar to other
low risk thyroid cancers should be considered for
non-invasive follicular thyroid neoplasm with
papillary-like nuclear features. Furthermore, these
neoplasms still need to be captured by the Cancer
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Registries and very long term follow-up data from
very large-scale population based studies is needed.
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