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these patients are unnecessarily followed and 
treated. The role of clinical and laboratory find-
ings of thyroid nodules in the diagnosis of the in-
filtrative follicular variant of papillary thyroid car-
cinoma (FVPTC) and NIFTP is still unknown. In 
this study, we aimed to evaluate the characteris-
tics of our patients with FVPTC who have NIFTP 
according to the new classification.

Patients and methods  Patient selection  A to-
tal of 460 patients with any PTC variant who 
had been followed between 2010 and 2016 were 

Introduction  Recent studies have shown that 
about 10% to 20% of all thyroid cancers are non-
invasive capsulated papillary follicular variant.1,2 
However, there is no consensus on papillary nu-
clear changes used in the diagnosis of noninvasive 
capsulated follicular variant of papillary thyroid 
cancer. Moreover, instead of noninvasive capsu-
lated follicular variant of papillary thyroid cancer, 
some authors prefer the term noninvasive follic-
ular thyroid neoplasm with papillary-like nucle-
ar features (NIFTP).3 Although NIFTP is less ag-
gressive, there is an ongoing debate on whether 
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Abstract

Introduction N oninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) is 
a newly defined entity accepted as a tumor precursor.
Objectives  We aimed to examine the features of patients diagnosed with follicular variant papillary 
thyroid carcinoma (FVPTC), which are classified as NIFTP in the recent classification. This study compares 
clinical, radiological, histopathological, and molecular features of NIFTP and FVPTC.
Patients and methods A  total of 247 patients with FVPTC were retrospectively examined and pathology 
specimens were reviewed.
Results  Patients were divided into 2 groups (NIFTP group: 107 patients; FVPTC group: 140 patients). 
There was a difference in terms of the percentage of pathologic nodules with irregular borders detected 
on preoperative neck ultrasonography (NIFTP group: 6.5%, FVPTC group: 15.7%; P = 0.02). Central 
lymph node dissection specimens of 50 patients in the NIFTP group were normal, while 4 of 70 patients 
(5.7%) in the FVPTC group had lymph node metastasis (P = 0.14). In addition, multivariable analysis 
(binary logistic regression) showed that FVPTC was positively associated only with irregular borders 
and extrathyroidal extensions (P = 0.02 and P <0.001, respectively).
Conclusions  We suggest that patients diagnosed with NIFTP according to the new classification are 
considered low risk, and margin characteristics of the nodule detected on preoperative ultrasonography 
may be helpful in the differential diagnosis.
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demarcated from the surrounding thyroid tissue 
were reclassified as NIFTP. Pathology specimens 
of patients with FVPTC were examined by 2 pa-
thologists according to the present diagnostic cri-
teria. Findings from the study groups were eval-
uated according to the NIFTP diagnostic criteria 
by Nikiforov et al3 (Tables 1 and 2).

BRAF mutation analyses  Tissue containing at least 
30% of tumor cells was isolated from the sec-
tions of tumor tissue. Then, DNA isolation was 
performed with the nucleic acid isolation kit for 
paraffine embedded tissues (QIAamp DNA FFPE 
Tissue Kit 50 QIAGEN Cat. No. 56404, EZ1 DNA 
Tissue Kit 48 QIAGEN Cat. No. 953034, PAXgene 
Tissue Containers 10 QIAGEN Cat. No. 765112, 
PAXgene Tissue DNA Kit 50 QIAGEN Cat. No. 
767134; Qiagen, Hilden, Germany). Following 
the polymerase chain reaction procedures, pyro-
sequencing analyses were performed on the Py-
roMarkQ24 (Qiagen) by using sequencing prim-
ers: the Seq Primer BRAF 600 or Seq Primer BRAF 
464–469 (Qiagen).

Preoperative ultrasonography  The recently intro-
duced European Thyroid Imaging Reporting and 
Data System (EU-TIRADS) classification to deter-
mine the risk of malignancy of thyroid nodules 
was utilized on thyroid ultrasonography. The cat-
egories are as follows: EU-TIRADS 1, normal; EU-
TIRADS 2, benign; EU-TIRADS 3, low risk; EU-TI-
RADS 4, moderate risk; EU-TIRADS 5, high risk. 
We focused particularly on high-risk nodules (EU-
TIRADS 5). These include 4 main features: 1) not 
oval shape (taller than wide), 2) irregular margins 
(spiculated or lobulated, at least 3 lobulations), 
3) microcalcifications (multiple), 4) marked hy-
poechogenicity (less echoic than the muscles).5 
Thyroid ultrasonographic examinations of all pa-
tients were performed by an expert.

Statistical analysis  Statistical analysis was per-
formed by the SPSS version 20.0 (IBM, Armonk, 
New York, United States) and MedCalc version 
12.7.7 (MedCalc Software, Ostend, Belgium) sta-
tistical software. The t test was used for the com-
parison of numeric independent factor (age) be-
tween the study groups. Categorical indepen-
dent factors were compared by the χ2 test. Sta-
tistical analyses were performed with descrip-
tive statistics, the Pearson χ2 test, Fisher exact 
tests, and Yates (Continuity Correction) χ2 test. 
Multivariable logistic regression model was uti-
lized using ultrasonographic findings (hypoecho-
ic appearance, internal vascularization, micro-
calcification, and irregular border) adjusted for 
age and sex. A P value less than 0.05 was accept-
ed as significant.

Results  There were no differences between 
the groups in terms of age, sex, thyroid function 
tests and the presence of lymphocytic thyroid-
itis. The mean (SD) follow-up period was 27 (17) 
months in the NIFTP group and 30 (20) months 

enrolled in the study. Clinical and laboratory find-
ings of 247 patients with FVPTC were retrospec-
tively examined and pathology specimens were 
reviewed according to the recent NIFTP criteria.3 
Patients were divided into 2 groups, those with 
encapsulated FVPTC without capsular invasion 
(recently called NIFTP) (n = 107) and those with 
encapsulated FVPTC with capsular invasion (IEF-
VPTC) (n = 140). Patients who had another vari-
ant of thyroid carcinoma or diffuse/multinodu-
lar variant of FVPTC, patients with tumors con-
taining more than 1% of true papillae, and par-
tially sampled tumors were excluded in the re-
evaluation of the slides. The study protocol was 
approved by the institutional ethics committee 
of Trakya University (no. TUTF-BAEK 2017/162).

Surgical procedure and follow-up  Patients who un-
derwent total thyroidectomy or lobectomy and 
postoperative radioiodine ablation were classi-
fied in accordance with the American Thyroid As-
sociation guidelines.4 The following data were re-
corder: age, sex, results of thyroid function tests 
at the time of diagnosis, levels of anti-thyroid per-
oxidase antibodies and anti-thyroglobulin anti-
bodies, preoperative neck ultrasonography find-
ings, postoperative histopathologic features of tu-
mors, thyroglobulin values, repeated radioactive 
iodine 131 treatment, lymph node and distant me-
tastases and BRAF-KRAS-NRAS mutation status.

Clinicopathological criteria  Tumors were classified 
as FVPTC if they exhibited dominant follicular 
architecture (≤1% true papillae) and nuclear fea-
tures of PTC (2–3/3 grade according to the alter-
ations in 1) nuclear size and shape: nuclear over-
lapping, nuclear enlargement, nuclear membrane 
irregularities, 2) irregular nuclear contours: nu-
clear elongation, intranuclear pseudoinclusions, 
nuclear grooves, 3) chromatin characteristics: nu-
clear chromatin clearing, glassy nuclei, peripheral 
margination of the chromatin) but were not asso-
ciated with necrosis, solid/trabecular/cribriform 
growth patterns, tall cell or columnar cell, or more 
than 3 mitoses per 10 high-power fields.3 Follicu-
lar variant of papillary thyroid carcinomas com-
pletely surrounded by a fibrous capsule or clearly 

What’s new?

In 2016, a new morphological term, noninvasive follicular thyroid neoplasm 
with papillary-like nuclear features (NIFTP), was introduced. It corresponds 
to low-risk tumors known as a noninvasive encapsulated follicular variant of 
papillary thyroid carcinoma. NIFTP was included in the 2017 Classification of 
Endocrine Organ Tumors of World Health Organization as “follicular patterned 
neoplasms with borderline clinical behavior.’’ Initial diagnostic criteria were 
based only on histopathologic evaluation, and subsequent studies suggested 
the use of immunomolecular studies for diagnosis of exclusion criteria. In 
addition, some radiological descriptions have been suggested. In this study, 
the finding that irregular borders detected on thyroid ultrasonography may be 
used to differentiate NIFTP and follicular variant papillary thyroid cancer is an im-
portant contribution to the literature and ongoing consensus studies on NIFTP.
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irregular border in 6.5% of pathologic nodules 
from the NIFTP group, and in 15.7% from the IEF-
VPTC group (P = 0.02) (Table 5). Lymph node me-
tastasis was excluded from the analysis because 
lymph node dissection was not performed in all 
patients. Additionally, multivariable analysis (bi-
nary logistic regression) showed that follicular 
variant papillary thyroid cancer was positively 
associated only with irregular border and extra-
thyroidal extension (P = 0.02 and P <0.001, re-
spectively) (Table 6).

Discussion  This study aimed to review clin-
ical and pathologic evaluation of noninvasive 
EFVPTC, which is classified as a malignancy 
despite its indolent nature. In a study by Ro-
sario,6 who evaluated preoperative thyroid ul-
trasonography findings, data of 120 patients 
from the NIFTP group and 54 patients from 
the EFVPTC group were compared showing that 
suspicious nodule findings were more common in 
the EFVPTC group. However, since the number 
of patients with suspicious nodule was 6 (5%) in 
the NIFTP group and 8 (14.8%) in the EFVPTC 
group, further studies including more patients 
are required. In our study, nodules with irregular 
borders detected by ultrasonography were more 
common in the FVPTC group than in the NIFTP 
group (P = 0.02) (Table 5). In a mini meta-analy-
sis by Maletta et al,7 Bethesda categories of pre-
operative fine-needle aspiration biopsies were 
changed after the reevaluation of the diagnosis 
of NIFTP and malignancy risk. The risk of ma-
lignancy was found to change by up to 66%, es-
pecially in Bethesda category IV. In our study, 
preoperative fine-needle aspiration biopsy, espe-
cially of patients with NIFTP, showed Bethesda 
category IV to be more common. Therefore, we 
suggest that prospective fine-needle aspiration 
biopsy molecular assessment may be valuable 
in the diagnostic workup of NIFTP. In the lit-
erature, only 2 (0.6%) of 352 well-document-
ed noninvasive FVPTC cases had recurrence. 
In one of these, excision was incomplete, while 
noninvasive characteristic of tumor was dis-
putable in the other. In general, data suggest 
that this lesion rarely has negative results in 
the absence of invasion.8-14 In our study, none 
of the patients with NIFTP developed recurrence 
during the follow-up period. In the study by Ni-
kiforov et al,15 which was important in building 
a consensus on the main histopathologic fea-
tures of NIFTP, noninvasive FVPTC (n = 109) 
and invasive FVPTC (n = 101) were compared. 
Most of patients with noninvasive encapsulat-
ed follicular variant of papillary thyroid carci-
noma were lobectomized and none had radio-
active iodine treatment treatment. The decision 
of radioactive treatment was made consider-
ing the American Thyroid Association criteria.4 
These criteria are: macroscopic tumoral inva-
sion to perithyroidal soft tissues, incomplete tu-
mor resection, distant metastasis (M1 according 
to the TNM system), postoperative significant 

in the IEFVPTC group. Central lymph node dissec-
tion revealed normal lymph nodes in 50 patients 
in the NIFTP group, while 4 of 70 patients (5.7%) 
in the IEFVPTC group were found to have lymph 
node metastasis (P = 0.14). There were no signif-
icant differences between the groups in terms of 
the presence of BRAF mutation (P = 0.08). One 
patient in the IEFVPTC group had distant metas-
tasis. Extrathyroidal extension was significantly 
more common in those with IEFVPTC (Table 3). 
A second dose of radioactive iodine 131 was nec-
essary in 2 patients from the IEFVPTC group, and 
it was not needed in the NIFTP group.

The number of patients who had central lymph 
node metastasis was 50 and 74 in NIFTP and IEF-
VPTC groups, respectively. There were no differ-
ences between these patients in terms of age, sex, 
and follow-up period. There were no differences in 
terms of the results of preoperative thyroid nod-
ule fine needle aspiration biopsy. However, there 
was a tendency for atypia of undetermined signif-
icance and malignancy in the IEFVPTC group and 
for follicular neoplasm in the NIFTP group (Table 

4). Preoperative neck ultrasonography revealed 

Table 1  Diagnostic criteria for noninvasive follicular thyroid neoplasm with papillary-
like nuclear features

Encapsulation or clear demarcationa

Follicular growth patternb with 1) <1% papillae; 2) no psammoma bodies; 3) 30% 
solid/trabecular/insular growth pattern

No tumor necrosis

No vascular or capsular invasionc

Nuclear grade 2–3

No high mitotic activityd

a  Thick, thin, or partial capsule or well circumscribed with a clear demarcation from 
adjacent thyroid tissue

b  Including microfollicular, normofollicular, or macrofollicular architecture with 
abundant colloid

c  Requires adequate microscopic examination of the tumor capsule interface

d  High mitotic activity defined as at least 3 mitoses per 10 high-power fields 
(magnification ×400)

Table 2  Nuclear features of noninvasive follicular thyroid neoplasm with papillary-like 
nuclei

Size and shape

	Enlargement
	Elongation
	Overlapping

Membrane irregularities

Irregular contours
Grooves
Pseudoinclusions

Chromatin characteristics

Chromatin clearing
Margination of chromatin to membrane
Glassy nuclei

A 3-number scoring system was developed, each nuclear feature was scored as 0 or 1, 
giving a total score of 0–3.
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level was the most important factor suggest-
ing poor response to radioiodine treatment in 
the patients with differentiated thyroid can-
cer. They suggested that it should be consid-
ered for treatment, follow-up, and also to pre-
dict the prognosis. In our study, serum thyro-
globulin levels measured during follow-up did 
not increase in patients with NIFTP. In this com-
parison, no BRAFV600E mutation, distant metas-
tasis, and mortality were seen during follow-up 
period of patients with NIEFPTC. On the other 
hand, in the IEFVPTC group, which mostly in-
cluded patients who undergone total thyroid-
ectomy and radioactive iodine treatment, mor-
tality occurred in 7 patients (5 related to dis-
tant metastasis and 2 to the disease itself). This 
study suggested that noninvasive encapsulated 
follicular variant of papillary thyroid carcino-
ma has a less aggressive course and these cas-
es should be categorized as NIFTP. In contrast 
to the study by Nikiforov et al,15 one of our cas-
es with NIFTP was found to have BRAFV600E mu-
tation, a poor prognostic factor, while distant 
and lymph node metastases were similarly rare 
when compared with the ECFVPTC group (Table 

3). Cho et al17 suggested that the evaluation of 
patients who undergone standard lymph node 
dissection is more important in the prognostic 
evaluation of those with NIFTP. In the study by 
Cho et al,17 patients who underwent standard 
central lymph node dissection were divided into 
2 groups, based on histopathological findings: 
those with 1% of papillae or less (n = 105) and 
those with no papillae. Among these, the rate 
of BRAFV600E mutation and lymph node metas-
tasis was 10% and 3%, respectively, in the group 
with 1% papillae or less, while in the group with 
no papillae, none of the patients had BRAFV600E 
mutation and 3% had lymph node micrometas-
tasis. As a result, it was stated that further pro-
spective studies are required to accept NIFTP as 
a neoplasm. In the literature, patients with inde-
terminate thyroid nodule fine-needle aspiration 
cytology results have been evaluated by 7-gene 
mutation and rearrangement (BRAF, RAS, RET 
/ PTC, PAX8 / PPARc).18 It has been suggested 
that these tests could not safely exclude malig-
nancy. The use of a 167 gene expression classi-
fier (GEC) has been proposed as a rule-out test 
due to relatively high sensitivity (92%) and net 
present value (93%), as reported in a prospec-
tive multicenter study.19 In addition, relatively 
low specificity of 167 GEC test (48%–53%) has 
shown that it could not establish malignancy cri-
teria for indeterminate nodules. Alexander et al20 
reported that the prevalence of 167 GEC benign 
readings varied among institutions and reached 
up to 29%, which was not significant. Borowczyk 
et al21 in their meta-analysis evaluated GEC and 
ThyroSeq v2 methods performed on thyroid nod-
ule fine-needle aspiration biopsy samples with 
indeterminate pathology. They reported that 167 
gene GEC method was helpful in excluding ma-
lignancy in patients with indeterminate thyroid 

serum thyroglobulin level elevation suspicious 
for distant metastasis, pathological lymph node 
metastasis of 3 cm or greater in longest diameter 
(N1 according to the TNM system), follicular thy-
roid cancer with disseminated vascular invasion 
(>4 foci).4 In their study, Szczepanek-Parulska 
et al16 mentioned that the serum thyroglobulin 

Table 3  Clinical, demographic, histopathologic, and genetic characteristics of the 
study groups

Variable Group 1 
NIFTP (n = 
107)

Group 2 
FVPTC (n = 
140)

P value

Age, y, mean (SD) 51.7 (11.5) 50.5 (11.9) 0.67a

Sex Female 81 (75.7) 116 (82.9) 0.16b

Male 26 (24.3) 24 (17.1)

Anti-TG (+) 23 (26.4) 36 (32.4) 0.36b

Anti-TPO (+) 26 (32.1) 42 (40.4) 0.24b

Tumor size  <10 mm 58 (54.2) 87 (62.1) 0.20b

 ≥10 mm 49 (45.8) 53 (37.9)

Focality  Unifocal 53 (49.5) 72 (51.4) 0.76b

 Multifocal 54 (50.5) 68 (48.6)

Perineural invasion (+) – 3 (2.2) 0.25c

Lymphovascular invasion (+) – 5 (3.6) 0.07c

Pathologic lymphocytic thyroiditis (+) 36 (40.9) 52 (59.1) 0.56b

CK-19 (+) 62 (77.5) 79 (76.7) 0.89b

Galectin (+) 57 (70.4) 85 (78.7) 0.19b

Lymph node metastasis – 4 (5.7) 0.14b

Extrathyroidal extension – 26 (18.6) <0.001b

BRAF mutation Total 3 (3.8) 12 (12.2) 0.08d

BRAFV600E 1 (0.9) 11 (7.8)

BRAFV600K 1 (0.9) 1 (0.7)

BRAFG469A 1 (0.9) 0

Distant organ metastasis – 1 (0.7) 0.56c

Data are presented as number (percentage) of patients unless otherwise indicated.

a  t test

b  Pearson χ2 test

c  Fisher exact test

d  χ2 with Yates continuity correction

Abbreviations: +, positive; Anti-TG, anti-thyroglobulin; Anti-TPO, anti-thyroid 
peroxidase; CK-19, cytokeratin 19; FVPTC, follicular variant papillary thyroid carcinoma; 
NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear features

Table 4  Preoperative thyroid fine-needle aspiration biopsy results

Variable NIFTP FVPTC P value

Insufficient 8 (8.2) 8 (7.1) 0.09

Benign 4 (4.1) 4 (3.6)

Undetermined atypia 16 (16.5) 24 (21.4)

Follicular neoplasm 60 (61.9) 52 (46.4)

Suspicious malignancy 9 (9.3) 24 (21.4)

Data are presented as number (percentage). Statistical significance was tested by the 
Pearson χ2 test.

Abbreviations: see Table 3
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for differential diagnosis of NIFTP especially in 
the patients who underwent preoperative fine-
needle aspiration biopsy. In addition, further pro-
spective studies are necessary for prognostic eval-
uation of patients with NIFTP.
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nodule cytology, while examination by ThyroSeq 
v2 was more specific and accurate with signifi-
cantly acceptable sensitivity. Borowczyk et al22 
aimed to evaluate the genetic background of in-
determinate thyroid nodules and determine po-
tential genetic pathways playing a role in follic-
ular thyroid cancer. In that study, the 50-gene 
Ion AmpliSeq Cancer Hotspot Panel v2 was used 
to perform next-generation sequencing. They 
concluded that the heterogenicity of genetic 
background of indeterminate thyroid nodules 
corresponds with the histopathologic diversity 
and the role of kinase insert domain receptor 
as a malignancy biomarker should be verified. 
Erba et al23 evaluated diagnostic peptide target-
ing cholecystokin-2/gastrin receptors in patients 
with medullary thyroid cancer. As a result, they 
reported that cholecystokin-2/gastrin receptor 
may become a novel and more effective target 
in diagnosis, early detection, and treatment of 
metastatic medullary thyroid cancer. In summa-
ry, at present, we do not have any optimal mo-
lecular test that could exclude malignancy in 
case of indeterminate cytology, and long-term 
data are needed to demonstrate the clinical effi-
cacy of targeting cholecystokin-2/gastrin recep-
tors in patients with medullary thyroid cancer.

In conclusion, patients diagnosed with NIFTP 
after a careful histopathologic examination devel-
oped no recurrence during the first 3 years. How-
ever, one of the patients with NIFTP was found 
to have BRAFV600E mutation as a poor prognostic 
factor. Further prospective studies are required 

Table 5  Nodule characteristics on preoperative thyroid ultrasonography

Variable NIFTP FVPTC P value

Hypoechoic 65 (61.3) 92 (67.2) 0.34

Internal vascularization 17 (16) 15 (10.9) 0.24

Nodule length > nodule width 20 (18.9) 31 (22.8) 0.45

Microcalcification 18 (17) 28 (20.4) 0.49

Irregular border 7 (6.5) 22 (15.7) 0.02

Data are presented as number (percentage). Statistical significance was tested by the 
χ2 test.

Data are missing in the following number of patients: hypoechoic, n = 4; internal 
vascularization, n = 4; nodule length > nodule width, n = 5; microcalcification, n = 4

Abbreviations: see Table 3

Table 6 M ultivariable logistic regression adjusted odds ratios for follicular variant 
papillary thyroid cancer

Variable Odds ratio 95% CI P value

Age >50 y 0.952 0.567–1.599 0.85

Female sex 1.441 0.767–2.707 0.25

Hypoechoic appearance 1.288 0.753–2.203 0.35

Internal vascularization 0.689 0.323–1.473 0.35

Microcalcification 1.249 0.633–2.465 0.52

Irregular border 2.706 1.109–6.601 0.02

Extrathyroidal extension 3.333 1.449–3.448 <0.001
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