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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common 
type of thyroid cancer. The incidence of PTC has increased in 
the past few decades due to improved detection and diagnosis 
of subclinical thyroid cancers as well as environmental factors 
[1-3]. Several histological variants of PTC have been described 
in the literature, considering different criteria such as tumor 

size, architecture (follicular, macrofollicular, cribriform-mor-
ular, solid, and micropapillary), cellular characteristics (tall 
cell, columnar, oncocytic, clear cell, and hobnail), presence of 
tumor capsule (encapsulated and nonencapsulated), additional 
tumor components, stromal features, or a combination of these 
criteria [4-6]. In 1960, follicular variant of papillary thyroid car-
cinoma (FVPTC) was introduced [7,8], and became widely 
recognized by the late 1970s [9]. One of the characteristics of 
FVPTC is follicular neoplasm composed of thyroid epithelial 
cells with nuclear features of papillary carcinoma [9].

FVPTC can be classified into three subtypes according 
to the presence of tumor capsule and invasive growth pat-
terns: Encapsulated FVPTC (EFVPTC), nonencapsulated 
infiltrative FVPTC (IFVPTC), and nonencapsulated diffuse 
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or multinodular FVPTC [10]. The third subtype is uncom-
mon and has an aggressive clinical course. The diagnosis of 
EFVPTC is challenging; in the absence of invasion, it is based 
on nuclear features. If nuclear features of papillary carcinoma 
are not well developed and diffusely distributed it is difficult 
to make differential diagnosis between EFVPTC and follicu-
lar adenoma (FA). Due to the lack of well-established crite-
ria for FVPTC diagnosis in such borderline cases, a marked 
interobserver variation has been demonstrated. In addition, 
previous studies showed that, in noninvasive EFVPTC, the 
lesions are predominantly neoplasms rather than hyperplastic 
lesions [3,11].

Increased surveillance of thyroid nodules and improve-
ments in detection methods have resulted in a significant 
increase in the reported incidence of PTC. Moreover, a large 
number of these nodules were diagnosed as FVPTC, particu-
larly EFVPTC [7,3,12-14].

Although classified as PTC, EFVPTC has a number of 
overlapping features with other benign or malignant fol-
licular-patterned lesions (i.e.,  FA or follicular carcinoma 
[FC])  [15,16,3]. In addition, FVPTC often has an indolent 
clinical course in contrast to conventional PTC (CPTC) and 
other, more aggressive, variants such as tall cell variant (TCV) 
of PTC [1,17-19].

Different molecular alterations are detected in differ-
ent variants of PTC. For example, RET translocation and 
BRAFV600E mutations are associated with CPTC, while 
RAS (H, N, or KRAS) and PAX8/PPARγ mutations are fre-
quent in follicular-pattern tumors, including FA, FC, and 
EFVPTC [20-22].

Despite a number of biological differences, the same treat-
ment is often used for patients with EFVPTC and those with 
CPTC, which includes removing the rest of the thyroid (com-
pletion thyroidectomy) or adjuvant radioactive iodine (RAI) 
therapy [23]. Nevertheless, it is suggested that patients with 
noninvasive EFVPTC will not likely benefit from immediate 
completion thyroidectomy and RAI therapy [3].

To improve diagnostic accuracy and treatment options for 
PTC patients, recently, a new nomenclature has been devel-
oped for the lesions classified as noninvasive EFVPTC  [3]. 
The nomenclature includes the main histopathological fea-
tures of these lesions, such as the absence of invasion, follicu-
lar growth pattern, nuclear features of PTC, and clonal origin 
indicating that the lesion is a neoplasm. In addition, a new 
term was proposed for this type of PTC ”noninvasive follic-
ular thyroid neoplasm with papillary-like nuclear features 
(NIFTP)” [3].

The presence of vascular or capsular invasion in 
EFVPTC/NIFTP has been recently discussed by many 
authors, especially in tumors larger than 10 mm [3,7]. In this 

study, we examined the predictive value and association 
of follicular morphological characteristics with the tumor 
invasion. In addition, we analyzed the association between 
tumor encapsulation and molecular profile in EFVPTC/
NIFTP cases.

MATERIALS AND METHODS

Patient selection

We reviewed the medical reports of patients who pre-
sented at the Department of Pathology, Faculty of Medicine 
of Trakya University, between August 2007 and August 
2014. The study protocol was approved by the local Ethics 
Committee of the Hospital of Trakya University (Edirne). 
Patients selected for the study had either been diagnosed 
with FVPTC or had undergone a lobectomy or total thyroid-
ectomy with or without central neck lymph node dissection. 
The exclusion criteria were: Diagnosis of a different variant of 
thyroid carcinoma including diffuse or multinodular FVPTC, 
the presence of >1% of “true” papillae, and partial sampling 
of tumor specimens during the re-evaluation of the slides. 
A  total of 106  patients who matched the inclusion criteria 
were included in the study. Data on age at the time of diag-
nosis, sex, RAI therapy, and clinical follow-up (recurrence 
of disease, re-operation, and retreatment with RAI) were 
obtained from the records of the Department of Clinical 
Endocrinology and Metabolism Diseases, Department of 
Nuclear Medicine and the Department of General Surgery, 
Trakya University.

The BRAF mutation status of 106  patients and NRAS/
KRAS mutation status of 38  patients were obtained from 
the records at the Department of Medical Genetics and 
Laboratory of Molecular Pathology, Department of Pathology, 
Trakya University. Data on the number and size of tumors 
were retrieved from the hospital database. Sections were 
obtained from paraffin-embedded blocks of tumor tissue and 
stained with hematoxylin and eosin [H&E] (≥6  sections per 
nodule). The H&E slides were re-evaluated by one pathologist 
who was blinded to the diagnosis, clinical, and prognostic data 
(NC). In multifocal tumors, histopathological features were 
evaluated based on the largest tumor focus.

Clinicopathological criteria

The following diagnostic criteria were used for FVPTC [3]:
•	 Predominantly	follicular	architecture	(≤1%	“true”	papillae);
•	 Nuclear	features	of	PTC:
•	 Nuclear	 score	of	2-3	according	 to	alterations	 in	nuclear	

size and shape;
•	 Nuclear	 size	 and	 shape	 (nuclear	 enlargement,	 overlap-

ping, and elongation);
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•	 Nuclear	membrane	 irregularities	 (irregular	nuclear	 con-
tours, nuclear grooves, and intranuclear pseudoinclusions);

•	 Chromatin	 characteristics	 (chromatin	 clearing/glassy	
nuclei and peripheral margination of the chromatin).

The exclusion criteria for FVPTC were [3]:
•	 Necrosis;
•	 Solid/trabecular/cribriform	growth	patterns,	 tall	cell,	or	

columnar cell features;
•	 More	than	3	mitoses	per	10	high-power	fields	(HPFs).

FVPTCs completely surrounded by a fibrous capsule or 
clearly demarcated from the surrounding thyroid tissue were 
reclassified as EFVPTC/NIFTP. Encapsulated tumors with 
capsular invasion (CI) or lymphovascular invasion (LVI) and 
tumors with irregular margins or structures penetrating into 
the adjacent thyroid tissue were classified as IFVPTC.

All tumor samples were re-evaluated based on the above 
criteria and classified into three groups according to the pres-
ence of tumor capsule, tumor border configuration, and the 
presence of LVI or CI:
•	 Group  1  -  Encapsulated	 tumors	without	LVI	or	CI	 and	

tumors with regular border (Figure 1A and B).
•	 Group  2  -  Encapsulated	 tumors	 with	 LVI	 or	 CI	

(Figure 1C and D).
•	 Group  3  -  Infiltrative	 tumors	 without	 a	 capsule	 (truly	

infiltrative).
Follicles oriented perpendicular to the tumor border/cap-

sule (FOPBC) were defined as elongated follicles (at least one 

follicle per HPS with length twice as large as that of the neigh-
boring follicle) aligned perpendicular to the tumor border or 
capsule without pushing or penetrating the tumor border or 
capsule (Figure  2A and B). Intratumoral fibrosis was char-
acterized by the presence of fibrous foci not associated with 
hemorrhage or cholesterol clefts. Nuclear scoring was per-
formed according the criteria proposed by Nikiforov et al. [3] 
(Figure 2C).

In	 tumors	 ≤10  mm	 in	 size,	 the	 whole	 tumor	 area	 was	
sampled for histopathological examination, while in tumors 
>10  mm the surface of tumor capsule and adjacent thyroid 
tissue were sampled. CI was defined as tumor surrounded by 
a thin fibrous capsule extending to the adjacent thyroid tis-
sue  [24]. LVI was defined as tumor cells invading through a 
vessel wall and the presence of thrombus adherent to intravas-
cular tumor [25,26]. The H&E slides (at least 6 slides per nod-
ule, but deeper serial sections were evaluated when necessary) 
of the tumor samples were reviewed for the presence of minor 
diagnostic features [abortive papillae (Figure 2D), multinucle-
ated giant cells (MGCs), and intratumoral fibrosis] FOPBC, CI 
(for tumors with a fibrous capsule), and LVI.

The clinical features considered in the statistical analysis 
were age at the time of diagnosis (<45  years and ≥45  years) 
and sex (male or female). Histopathological features included 
nuclear score, presence or absence of CI (for tumors with a 
fibrous capsule), LVI, minor diagnostic features (MGCs, 
intratumoral fibrosis, abortive papillae), FOPBC, and 

FIGURE 1. (A) Gross appearance of encapsulated tumor; (B) encapsulated tumor well demarcated from the surrounding thyroid (Nikon 
Eclipse 80i, hematoxylin and eosin (H&E) ×200); (C-D) capsular invasion (Nikon Eclipse 80i, H&E ×40).
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clinicopathological	features	including	tumor	size	(≤10 mm	and	
>10 mm), tumor focality (unifocal, multifocal), tumor laterality 
(unilateral, bilateral), extrathyroidal extension (ETE) [absent, 
present], and lymph node metastasis (LNM) [absent, present].

BRAF and K/NRAS mutation analysis

For BRAF analysis, tumor tissue containing at least 70% 
of tumor cells was isolated from the sections of 106 patients 
and for KRAS and NRAS analysis the tissue samples were iso-
lated from 38 patients. DNA purification was performed using 
DNA isolation kits for DNA samples from formalin-fixed, par-
affin-embedded tissue sections (QIAamp DNA FFPE Tissue 
Kit, EZ1 DNA Tissue Kit, PAXgene Tissue Containers, and 
PAXgene Tissue DNA Kit, Qiagen, Germany). Following poly-
merase chain reaction (PCR), pyrosequencing analysis was 
performed on a PyroMark Q24 device (Qiagen, Germany), 
using Seq Primer BRAF 600 or Seq Primer BRAF 464–469 
(Qiagen, Germany) for BRAF, KRAS Pyro Kit (Qiagen, 
Germany) for KRAS (Codon 12, 13, and 61), and NRAS Pyro 
Kit (Qiagen, Germany) for NRAS (Codon 12, 13, and 61).

Statistical analysis

Statistical analysis was carried out using IBM SPSS 
Statistics for Windows Version 20.0. (IBM Corp., Armonk, NY, 
USA). Chi-squared test, Pearson correlation coefficient, Yates’ 

correction, or Fisher’s exact test were used to compare the clin-
icopathological, molecular, nuclear, minor diagnostic features 
and FOPBC with the presence of capsule and tumor border 
configuration. Kruskal–Wallis H test was used for comparing 
numerical data (age, nuclear scores, and the number of tumor 
foci) with the presence of capsule and tumor border configu-
ration. A p value <0.05 was considered statistically significant.

RESULTS

Clinicopathological features of patients in the study 
group

The clinicopathological features of the patients are sum-
marized in Table S1. The mean age of the patients was 50.03 ± 
11.2 years. The number of patients aged <45 years was 33 (31.1%), 
while the number of patients ≥45 years old was 73 (68.9%). Out 
of the 106 patients, 94 (88.7%) were female and 12 (11.3%) were 
male. When the tumors were grouped according to the pres-
ence of a capsule and capsular or vascular invasion, the num-
ber and percentage of patients in each group was as follows: 
64  patients (60.3%) in group  1 (encapsulated/well-circum-
scribed tumors without LVI or CI); 17 patients (16%) in group 2 
(encapsulated tumors with LVI or CI); and 25 patients (23.6%) 
in group 3 (infiltrative tumors without a capsule).

When the patients were grouped according to the tumor 
size, 62 (58.5%) patients had microcarcinoma, and the tumor 

FIGURE 2. (A-B) Follicles oriented perpendicular to the tumor capsule [marked with lines] (Nikon Eclipse 80i, H&E ×200); (C) membrane 
irregularities: Accurate intranuclear pseudoinclusions (black arrow), nuclear groove (white arrow), irregular contour [red arrow] (Nikon 
Eclipse 80i, H&E, immersion objective); (D) abortive papillae formation [black arrow] (Nikon Eclipse 80i, H&E ×100).
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size was >10 mm in 44 (41.5%) cases. Multifocality was identi-
fied in 51 (48.1%) cases. The tumor was limited to the thyroid in 
101 (95.3%) patients, while ETE was present in 5 (4.7%) patients. 
LNM was observed in 1 (1.8%) patient out of 55 patients who 
had lymph node dissection. Tumor was present in bilateral 
thyroid lobes in 21  (28.8%) patients out of 73 who under-
went total thyroidectomy. The mean follow-up period for 
all patients was 16.3 ± 13.3  months. RAI therapy was given 
to 48/106  (45.3%) patients. None of the patients had distant 
metastasis or recurrence. All patients were alive at the time of 
conducting this study.

BRAF mutation was detected in 12/106  (11.3%) cases. 
NRAS mutation (Q61R) was present in 10/38 (26.3%) patients. 
None of the 38 patients had KRAS mutation.

Clinicopathological characteristics in relation to 
the presence of tumor capsule and tumor border 
configuration

A comparison of clinicopathological features with the 
presence of tumor capsule and tumor border configuration is 
presented in Table 1. ETE was not observed in encapsulated 
tumors without CI or LVI (p = 0.018). RAI therapy was more 
commonly indicated in encapsulated tumors with CI or LVI 
compared to encapsulated without CI or LVI or infiltrative 
tumors without a capsule (p = 0.017). Both ETE and RAI ther-
apy were significantly related to the presence of tumor capsule 
and tumor border configuration. Encapsulated tumors with 
CI or LVI were >10 mm in size more frequently than encap-
sulated without CI or LVI or infiltrative tumors without a cap-
sule, but this result was not significant.

No significant relationship was observed between the 
number of tumor foci, patient age, the presence of tumor cap-
sule, and tumor border configuration (Table S2).

Nuclear features in relation to the presence of 
tumor capsule and tumor border configuration

The nuclear size and shape characteristics (nuclear 
enlargement, elongation, and overlapping) and nuclear 
membrane irregularities (irregular nuclear contours, nuclear 
grooves, and intranuclear pseudoinclusions) were scored 
separately and as a group. The chromatin characteristics 
were scored only as a group due to the possibility of sub-
jective evaluation. No significant relationship was observed 
between the nuclear features and nuclear score and the 
presence of tumor capsule and tumor border configuration 
(Table 2, Table S3).

Minor diagnostic features and FOPBC in relation 
to the presence of tumor capsule and tumor border 
configuration

A comparison of minor diagnostic features and FOPBC 
with the presence of tumor capsule and tumor border config-
uration is presented in Table 3. The presence of FOPBC was 
significantly associated with the presence of tumor capsule 
and tumor border configuration (p = 0.008). FOPBC feature 
was more common in encapsulated tumors with CI or LVI 
compared to encapsulated tumors without CI or LVI and 
infiltrative tumors. Intratumoral fibrosis and abortive papillae 
were more common in encapsulated tumors with CI or LVI 

TABLE 1. Clinicopathological characteristics in relation to the presence of tumor capsule and tumor border configuration

Characteristic

N (%)

Total pGroup 1
Encapsulated tumor without 

invasion

Group 2
Encapsulated tumor with 

invasion

Group 3
Infiltrative tumor without 

a capsule
Lymph node metastasis

Absent 37 (100.0) 6 (100.0) 11 (91.7) 54 0.161
Present 0 (0.0) 0 (0.0) 1 (8.3) 1

Extrathyroidal extension
Absent 64 (100.0) 15 (88.2) 22 (88.0) 101 0.018
Present 0 (0.0) 2 (11.8) 3 (12.0) 5

Tumor size
≤10	mm 39 (60.9) 6 (35.3) 17 (68.0) 62 0.088
>10 mm 25 (39.1) 11 (64.7) 8 (32.0) 44

Tumor focality
Unifocal 32 (50.0) 9 (52.9) 14 (56.0) 55 0.874
Multifocal 32 (50.0) 8 (47.1) 11 (44.0) 51

Tumor laterality
Unilateral 46 (71.9) 11 (64.7) 19 (76.0) 76 0.727
Bilateral 18 (28.1) 6 (35.3) 6 (24.0) 30

Radioactive iodine therapy
Absent 38 (59.4) 4 (23.5) 16 (64.0) 58 0.017
Present 26 (40.6) 13 (76.5) 9 (36.0) 48
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compared to encapsulated tumors without CI or LVI and infil-
trative tumors, but this result was not statistically significant. 
Other features, including dark colloid and MGCs, were not 
related to the presence of tumor capsule and tumor border 
configuration.

Molecular features in relation to the presence of 
tumor capsule and tumor border configuration

There was no significant relationship between KRAS/
NRAS/BRAF mutations and the presence of tumor capsule 
and tumor border configuration (Table  4). All tumors with 
NRAS mutation had the mutation on the codon 61 (Q61R) 
and most of these tumors were encapsulated tumors without 
CI or LVI. BRAF mutation was more common in encapsu-
lated tumors with LVI or CI (p = 0.095). KRAS mutation was 
not detected in our group.

DISCUSSION

Although the proposed new nomenclature for EFVPTC/
NIFTP [3] may end the argument about the nuclear features 
of EFVPTC, the presence of invasion in FVPTC, especially 
in EFVPTC/NIFTP, has been recently discussed by many 
authors. In this study, we examined the predictive value and 
association of follicular morphological characteristics and 
molecular features with the tumor invasion in EFVPTC/
NIFTP cases. Our results may be summarized as follows. First, 
NIFTP has an indolent behaviour due to the absence of ETE, 
and RAI therapy is not routinely used in these cases. Second, 
FOPBC may indicate CI or LVI in encapsulated tumors. Third, 
the presence of NRAS mutation and absence of BRAF muta-
tion may help to exclude LVI and CI in NIFTP. Finally, the 
nuclear features are not associated with the presence of tumor 
capsule and tumor border configuration in EFVPTC/NIFTP. 

TABLE 3. Minor diagnostic features and FOPBC in relation to the presence of tumor capsule and tumor border configuration

Histopathological feature Result

N (%)

Total pGroup 1
Encapsulated tumor without 

invasion

Group 2
Encapsulated tumor with 

invasion

Group 3
Infiltrative tumor without 

a capsule
FOPBC Absent 41 (64.1) 4 (23.5) 16 (64.0) 61 0.008

Present 23 (35.9) 13 (76.5) 9 (36.0) 45
Dark colloid Absent 0 (0.0) 0 (0.0) 0 (0.0) 0 Not calculated

Present 64 (100.0) 17 (100.0) 25 (100.0) 106
MGCs Absent 9 (14.1) 1 (5.9) 2 (8.0) 12 0.534

Present 55 (85.9) 16 (94.1) 23 (92.0) 94
Abortive papillae Absent 34 (53.1) 7 (41.2) 17 (68.0) 58 0.212

Present 30 (46.9) 10 (58.8) 8 (32.0) 48
Intratumoral fibrosis Absent 16 (25.0) 2 (11.8) 8 (32.0) 26 0.066

Present 48 (75.0) 15 (88.2) 17 (68.0) 80

FOPBC: Follicles oriented perpendicular to the tumor border or capsule; MGCs: Multinucleated giant cells.

TABLE 2. Nuclear features in relation to the presence of tumor capsule and tumor border configuration

Nuclear features Result

N (%)

Total pGroup 1
Encapsulated tumor 

without invasion

Group 2
Encapsulated tumor 

with invasion

Group 3
Infiltrative tumor 
without a capsule

Nuclear size and shape
Nuclear enlargement Absent 0 (0.0) 0 (0.0) 0 (0.0) 0 Not calculated

Present 64 (100.0) 17 (100.0) 25 (100.0) 106
Nuclear elongation Absent 21 (32.8) 3 (17.6) 10 (40.0) 34 0.307

Present 43 (67.2) 14 (82.4) 15 (60.0) 72
Nuclear overlapping Absent 18 (28.1) 4 (23.5) 4 (16.0) 26 0.487

Present 46 (71.9) 13 (76.5) 21 (26.3) 80
Membrane irregularities

Nuclear pseudoinclusions Absent 33 (51.6) 9 (52.9) 12 (48.0) 54 0.940
Present 31 (48.4) 8 (47.1) 13 (52.0) 52

Nuclear groove Absent 3 (4.7) 1 (5.9) 0 (0.0) 4 0.513
Present 61 (95.3) 16 (94.1) 25 (100.0) 102

Irregular contours Absent 2 (3.1)  0 (0.0) 1 (4.0) 3 0.726
Present 62 (96.9) 17 (100.0) 24 (96.0) 103

Chromatin characteristics
Chromatin clearing/glassy nuclei/
peripheral margination of the chromatin Absent 1 (1.6) 0 (0.0) 1 (4.0) 2 0.617

Present 63 (98.4) 17 (100.0) 24 (96.0) 104
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In summary, EFVPTC/NIFTP are often indolent tumors 
bearing NRAS rather than BRAF mutations. The presence of 
FOPBC in these tumors may be a warning sign of LVI or CI 
development and it can help rule out the diagnosis of IFVPTC.

The newly proposed nomenclature for EFVPTC/NIFTP, 
especially the simplified criteria for nuclear features, [3] could 
greatly assist in the routine diagnosis of this lesion. According 
to Nikiforov et al. [3], a tumor without CI or LVI, with follicu-
lar growth pattern, and nuclear features of PTC should be cat-
egorized as NIFTP. Nevertheless, the most accurate criteria 
for predicting invasion of EFVPTC/NIFTP are still being dis-
cussed, particularly in larger tumors. For example, it is still not 
clear how many sections or how many samples is necessary 
for the accurate diagnosis. Our results indicate that specific 
histomorphological features of EFVPTC could be associated 
with CI or LVI. For instance, FOPBC, frequently observed in 
follicular-patterned lesions and defined as elongated follicle(s) 
oriented perpendicular to the tumor border or capsule (with-
out protrusion or penetration to the tumor capsule/border), 
was significantly associated with the presence of tumor cap-
sule and tumor border configuration. Specifically, we observed 
FOPBC feature more frequently in encapsulated tumors with 
invasion compared to encapsulated tumors without invasion 
or infiltrative tumors without a capsule. We also investigated 
the association between minor diagnostic criteria for PTC and 
the presence of tumor capsule and tumor border configura-
tion. Although a statistically significant relationship was not 
observed, abortive papillae and intratumoral fibrosis were 
more common in encapsulated tumors with invasion com-
pared with encapsulated tumors without invasion or infiltra-
tive tumors without a capsule. Together, these three features 
(abortive papillae, intratumoral fibrosis, and FOPBC) may 
indicate the presence of CI or LVI in encapsulated tumors. 
Even though we could not present the numerical data due to 
the low number of cases, we identified CI on deeper sections 
of the tumor in several patients. These findings suggest that 
perpendicular orientation of the follicles to the tumor border 
or capsule may indicate forthcoming or accompanying but 
not yet demonstrated invasion and may require additional 
sampling and serial sectioning. While the newly proposed 
nomenclature was originally developed with tumors >10 mm 

in size [3], in this study, we applied those criteria to FVPTC of 
any size. However, a limitation of our study is the small sample 
size and larger studies are necessary to confirm the prognos-
tic value of specific histomorphological changes, especially 
FOPBC, in determining invasion of FVPTC.

Ganly et al. [7] compared the clinicopathological fea-
tures of EFVPTC (subdivided into noninvasive EFVPTC 
[NIEFVPTC] and invasive EFVPTC [IEFVPTC]) to encap-
sulated follicular carcinoma (EFC) and FA. They concluded 
that capsular or vascular invasion rather than nuclear features 
determines the clinical outcome in encapsulated follicular 
tumors. Also, they found that the IEFVPTCs were signifi-
cantly larger than NIEFVPTCs [7].

Infiltrative tumor border has been suggested as an indica-
tor of ETE and LNM [10,7], and this was also confirmed in 
the study of Nikiforov et al. [3]. Our results indicated that LVI 
or CI was more common in encapsulated tumors larger than 
10 mm, whereas encapsulated tumors without LVI or CI and 
tumors with irregular borders and without a fibrous capsule 
were	≤10 mm	in	size.	Also,	ETE	was	not	observed	in	encapsu-
lated tumors without invasion. Furthermore, nuclear features, 
according to the criteria adopted from the study of Nikiforov 
et al. [3] and scored individually or as a group, were not sig-
nificantly associated with the presence of tumor capsule and 
tumor border configuration in our sample group. Blanchard 
et al. [27] reported multifocality, angiolymphatic invasion, 
absence of tumor capsule, and tumor involvement of perithy-
roid tissue as risk factors predictive of LNM; the rate of LNM 
was 40.7% in their group [27]. In addition, Walts et al. [28] 
reported LNM in 21/48  cases (43.8%). Moreover, a low rate 
(4%) of LNM was also showed in IFVPTC as well as the 
absence of LNM in EFVPTC [7]. In our study, the rate of LNM 
was 1.8% (1/55) and this patient had infiltrative tumor border, 
multifocal tumors (ETE was observed in the largest multifo-
cal tumor), FOPBC, and intratumoral fibrosis; the tumor size 
was >10 mm. The molecular analyses of the largest multifocal 
tumor revealed no mutation of KRAS, NRAS, or BRAF gene. 
This result is in agreement with the previous studies.

Higher rates of BRAF compared to RAS mutations have 
been reported in IFVPTCs, suggesting that these lesions have 
a molecular profile similar to that of CVPTC. On contrary, 

TABLE 4. Molecular features in relation to the presence of tumor capsule and tumor border configuration

Gene mutation Result

N (%)

Total pGroup 1
Encapsulated tumor without 

invasion

Group 2
Encapsulated tumor with 

invasion

Group 3
Infiltrative tumor without a capsule

NRAS mutation Absent 17 (73.9) 4 (80.0) 7 (70.0) 28 0.917
Present 6 (26.1) 1 (20.0) 3 (30.0) 10

KRAS mutation Absent 23 (100.0) 5 (100.0) 10 (100.0) 38 Not calculated
Present 0 (0.0) 0 (0.0) 0 (0.0) 0

BRAF mutation Absent 60 (93.8) 13 (76.5) 21 (84.0) 94 0.095
Present 4 (6.3) 4 (23.5) 4 (16.0) 12



Nuray Can, et al.: Signs of invasion in follicular-patterned PTCs

218

EFVPTC, namely NIFTP, demonstrates mutations that are 
associated with follicular adenoma/carcinoma group (a high 
RAS mutation rate) [29-31]. Howitt et al. [32] found that par-
tially encapsulated (PE) and well circumscribed (WC) tumors 
have similar mutations as EFVPTCs, i.e., frequent RAS and no 
BRAF mutations. In the present study, BRAF mutation analy-
ses was performed in all cases (106), while KRAS/NRAS muta-
tions were analyzed in 38/106  cases. Despite the lack of the 
significant relationship between molecular alterations and the 
presence of tumor capsule and tumor border configuration, 
we observed Q61R NRAS mutation more frequently in encap-
sulated tumors without invasion, while BRAF mutation, espe-
cially BRAFV600E (data not shown), was more common in 
encapsulated tumors with CI or LVI and tumors with infiltra-
tive tumor borders. This result is in agreement with previous 
studies [3,32]. Unexpectedly, we detected BRAFV600 muta-
tion in 6.3% (4/64) of encapsulated tumors without invasion 
(BRAFV600E versus BRAFV600K, 2/4 versus 2/4). Cho et 
al. [33] regrouped non-invasive and invasive EFVPTCs based 
on	the	complete	absence	of	papillae	or	presence	of	≤1%	papillae	
and investigated the frequency of LNM and mutational profile 
in 152  cases. In the tumors with the presence of 1% papillae, 
the rate of LNM was 3% and 9% in non-invasive and invasive 
EFVPTCs respectively, while the rate of BRAFV600E muta-
tion was 10% in non-invasive and 4% in invasive tumors. In the 
absence of papillary structures, the BRAF mutation was not 
observed, but central lymph node micrometastasis was pres-
ent in 3% of non-invasive EFVPTCs. The authors suggested 
that non-invasive EFVPTCs should not be treated as a benign 
neoplasm due to the possibility of lymph node micrometas-
tasis. In addition, according to them, EFVPTCs should not be 
diagnosed in the presence of papillary structures [33].

In conclusion, our results support the classification of 
EFVPTC as NIFTP, a tumor that frequently may have an indo-
lent course. In addition to molecular data, histomorphological 
features such as the presence of FOPBC might indicate the 
development of invasion in EFVPTC. Furthermore, BRAF/
KRAS/NRAS mutation analysis may help reduce both over-
treatment and inadequate treatment in EFVPTC/NIFTP and 
IFVPTC patients.
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SUPPLEMENTAL DATA

TABLE S1. Clinicopathological features of patients in the study 
group.

Clinicopathological feature Result N (%)
Age <45 33 (31.1)

≥45 73 (68.9)
Gender Male 12 (11.3)

Female 94 (88.7)
Tumor capsule and tumor 
border configuration Encapsulated 64 (60.4)

Encapsulated tumor with 
invasion 17 (16.0)

Infiltrative tumor border 
without capsule 25 (23.6)

Tumor focality Unifocal 55 (51.9)
Multifocal  51 (48.1)

Tumor size ≤10	mm 62 (58.5)
>10 mm 44 (41.5)

Lymph node metastasis
(Lymph node dissection, 
N=55)

Absent 54 (98.2)

Present 1 (1.8)
Extrathyroidal extension Absent 101 (95.3)

Present 5 (4.7)
Tumor laterality
(Total thyroidectomy, 
N=73)

Unilateral 52 (71.2)

Bilateral 21 (28.8)
NRAS mutation
(NRAS mutation analysis, 
N=38)

Absent 28 (73.7)

Present 10 (26.3)
KRAS mutation
(KRAS mutation analysis, 
N=38)

Absent 100 (100.0)

Present 0 (0.00)
BRAF mutation
(BRAF mutation analysis, 
N=106)

Absent 94 (88.7)

Present  12 (11.3)
Radioactive iodine therapy Absent 58 (54.7)

Present 48 (45.3)

TABLE S2. Patient age and number of tumor foci in relation to 
tumor capsule and tumor border configuration

Age and number of tumor foci in relation to 
tumor capsule and tumor border configuration N Mean 

rank p

Age
Encapsulated/ smooth bordered 64 52.17 0.757
Encapsulated tumor with invasion 17 52.62
Without a capsule (infiltrative) 25 57.50

Number of tumor foci
Encapsulated/smooth bordered 64 53.95 0.947
Encapsulated tumor with invasion 17 54.21
Without a capsule (infiltrative) 25 51.88
Total 106

TABLE S3. Nuclear scoring in relation to tumor capsule and 
tumor border configuration

Nuclear scoring in relation to tumor capsule 
and tumor border configuration N Mean rank p

Nuclear size and shape
Encapsulated/smooth bordered 64 51.59 0.490
Encapsulated tumor with invasion 17 54.03
Without a capsule (infiltrative) 25 58.02

Membrane irregularities
Encapsulated/smooth bordered 64 52.88 0.902
Encapsulated tumor with invasion 17 52.65
Without a capsule (infiltrative) 25 55.66

Chromatin characteristics
Encapsulated/smooth bordered 64 53.67 0.620
Encapsulated tumor with invasion 17 54.50
Without a capsule (infiltrative) 25 52.38

Total score
Encapsulated/smooth bordered 64 53.67 0.620
Encapsulated tumor with invasion 17 54.50
Without a capsule (infiltrative) 25 52.38
Total 106


