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Abstract: Since its first official definition in 2016, the new histo-pathological entity of noninvasive follicular

neoplasm with papillary-like nuclear features (NIFTP) has attracted much interest among “thyroidologists”

worldwide. This is a subset of encapsulated and noninvasive follicular variant papillary thyroid cancer, whose

introduction had the intent of de-escalating treatment given its very low malignant potential, approaching to

that of follicular adenomas. Many researchers focused on the possibility of preoperatively identifying NIFTP,

and investigated their cyto-morphological and molecular characteristics; other ones explored histological and

clinical-pathological NIFTP features. Although the majority of published studies confirmed that NIFTP

are indolent lesions, some papers did question their low-risk nature. In this brief review, the main aspects of

histology, cytology and molecular pathology of NIFTP are discussed based on the current literature.
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Introduction

As also recommended by the National Cancer Institute
in 2012 (1), a review of thyroid follicular neoplasms
characterized by low clinical risk was performed. As a result,
a nomenclature revision was proposed in an effort to reduce
the psychological and clinical consequences associated with
a diagnosis of cancer; moreover, the intent was to reduce
the well-known overdiagnosis and overtreatment of thyroid
cancers (1). In particular follicular variant of papillary
thyroid carcinoma (FVPTC) represents 30% of papillary
carcinomas and include encapsulated, encapsulated invasive,
and non-encapsulated forms (2). An extensive reevaluation
of encapsulated noninvasive and encapsulated invasive
FVPTC by a panel of international experts ended in 2016
with the publication that proposed the introduction of
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noninvasive follicular neoplasm with papillary-like nuclear
features (NIFTP) (3). The results of the study showed
that encapsulated noninvasive FVPTC with specific histo-
pathological characteristics had an extremely indolent
behavior, with no adverse events in 109 patients during
follow-up (13 years median), thus authors defined precise
histological criteria to define these lesions.

The consequences of this reclassification affected all
the aspects of thyroid pathology and clinics, with impact
on the psychological sphere of patients. Indeed, the term
neoplasia has replaced that of carcinoma: this change
mirrors the indolent clinical behavior of NIFTP and should
affect also clinicians’ choices in down-scaling treatment
approaches (3). NIFTP are expected to have an excellent
prognosis regardless of size (4), and could be managed with
thyroid lobectomy similarly to patients with benign thyroid
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Figure 1 Representative macroscopic and microscopic images of a NIFTP. (A) Macroscopic appearance of the nodule, that appears solid

and well circumscribed; (B) histologically, the nodule shows a follicular pattern of growth with nuclear PT'C atypia (hematoxylin-eosin stain,

original magnification x4). NIFTP, noninvasive follicular neoplasm with papillary-like nuclear features; PTC, papillary thyroid carcinoma.

neoplasms as already advocated by clinical guidelines (5).

Histo-pathological diagnostic criteria

According to strict inclusion and exclusion histological
criteria (3), NIFTP is an encapsulated or clearly demarcated
papillary thyroid cancer with predominant follicles, and
nuclear features of papillary thyroid carcinoma (PTC)
(Figure 1). The first essential criterion is then represented
by the demonstration of the complete encapsulation
of the lesion. As a direct consequence, the diagnosis of
NIFTP can be rendered only after its complete resection
and examination. The presence of papillary-like nuclear
alterations has to be scored based on size and shape (nuclear
enlargement, overlapping and/or elongation), nuclear
membrane irregularities (irregular contours grooves, and/or
pseudo-inclusions) and chromatin characteristics (chromatin
clearing, margination of chromatin to membrane, and/
or glassy nuclei). For each class of nuclear features a score
of zero or one is assigned, yielding a range of scores from
zero to three: for the diagnosis of NIFTP, a nuclear score
between two and three has to be present.

In addition, according to the initially proposed diagnostic
criteria (3), the diagnosis of NIFTP could not be rendered
if any of the following exclusion features are present:
vascular or capsular invasion, more than 1% papillae,
presence of psammoma bodies, more than 30% solid-
trabecular architecture, high mitotic activity and presence
of tumor necrosis. NIFTP, with all these diagnostic criteria,
has been included in the last edition of the World Health
Organization classification of endocrine tumors (6)
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However, a refinement of diagnostic criteria has been
proposed in 2018 (7): the papillae cut-off of 1% was
modified, and in the presence of true well-formed papillae
the lesion cannot be considered a NIFTP. Indeed, it has
been shown that the presence of papillae (even if in less
than 1% of tumor areas) is associated with higher frequency
of BRAF"™" mutation and the occurrence of lymph node
metastases (8,9), compared with NIFTP with total absence
of papillae. Moreover, several authors reported lymph node
metastasis and distant metastasis in NIFTP patients (10-12).

Another important change in the revised diagnostic
criteria is that in case of nuclear score of three, that
indicates pronounced expression of PTC nuclear features,
a careful revision of the entire tumor is recommended in
order to exclude the presence of papillae (7).

The possible diagnosis of NIFTP when oncocytic
component is present is still not clear. Some authors suggest
that encapsulated FVPTC with oncocytic features can be
classified as NIFTP if all the diagnostic criteria are met. In
the multi-institutional cohort studied by Xu and colleagues,
61 noninvasive encapsulated FVPTC with oncocytic
features were evaluated (13). No lymph node metastases
nor structural recurrence were observed; in a subgroup of
patients with 10.2 years median follow-up, none developed
disease recurrence. In the series of Rosario and Mourio,
none of the ten patients with “oncocytic NIFTP” developed
structural disease or biochemical recurrence during follow-
up (median 72 months) (14). Established that stringent
diagnostic criteria for NIFTP must be adopted, these
findings seem indicate that oncocytic appearance should not
affect the indolent nature of this tumors.
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The size of tumor should not impact on the possible
diagnosis of NIFTP. However, the series of noninvasive
FVPTC evaluated by the authors who proposed the
nomenclature introduction, did not contain microPTCs
(less than or equal to 1 cm). Shafique and colleagues tried to
specifically address this aspect by evaluating eight patients
with encapsulated noninvasive microFVPTC among a large
series of microPTCs; none of the eight patients showed
adverse events during follow-up (median 12.1 years).

NIFTP has been studied in cohorts of pediatrics patients
(15,16); no lymph node metastases nor disease recurrence
have been observed, suggesting that the same histological
criteria can be applied also in pediatric age.

As already mentioned, according to the current guidelines,
hemithyroidectomy is the most appropriate diagnostic and
therapeutic management for NIFTP patients. However,
the need for a total thyroidectomy is recommended in the
presence of a significant contralateral nodule, lymph node
metastases or extrathyroidal extension (17). Nevertheless, it
seems that in many cases patients undergoing lobectomy will
later require completion of thyroidectomy (18). Canberk and
collaborators studied the NIFTP in the setting of multifocal
and contralateral disease (19). The authors found that the
frequency of co-occurring tumors in the contralateral lobe in
NIFTP patients was not negligible (18% of cases); moreover,
the majority of co-occurring lesions were malignant. This
study showed that bilateral and multifocal disease are part
of the spectrum of NIFTP neoplasms, and highlights the
importance of a careful evaluation of both lobes even when
NIFTP is preoperatively suspected.

Cytological features

Although the possibility to make a preoperative diagnosis
of NIFTP has not been yet demonstrated, it is important
to investigate the cytological characteristics of nodules that
histologically prove NIFTP (17). Indeed, a preoperative
identification of NIFTP, distinguishing it from its invasive
or infiltrative counterpart, would be extremely helpful
in reducing the surgical overtreatment of these lesions.
However, the cytological features of NIFTP overlap with
those of encapsulated and invasive FVPTC (2).

The feasibility of a preoperative diagnosis of NIFTP
on cytological aspirates has been widely studied since their
nomenclature revision. The Bethesda System for Reporting
Thyroid Cytopathology (TBSRTC) has been applied for
the classification of thyroid nodules since 2009 (20). The
system includes six diagnostic categories: (I) non-diagnostic;
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(II) benign; (III) atypia of undetermined significance/
follicular lesion of undetermined significance (AUS/
FLUS); (IV) suspicious for follicular neoplasm/follicular
neoplasm (SFN/FN); (V) suspicious for malignancy (SM);
(VI) malignant. Each class has a stratified risk of malignancy
(ROM) and a specific management recommended.

It is well known that significant portions of NIFTPs
and FVPTGCs are classified as AUS/FLUS, SFN/FN and
SM (17), but cytology alone is not sufficient to establish
the degree of invasiveness of these lesions; indeed the
differential diagnosis between NIFTP, encapsulated
noninvasive or invasive FVPTC and infiltrative FVPTC
essentially depends on the demonstration of invasion,
either capsular or vascular. Despite this, some authors tried
to find criteria able to provide a preoperative diagnosis,
comparing the cyto-architectural features of follicular
adenoma, NIFTP, invasive/infiltrative FVPTC and classical
variant PTC (21-23). The results showed that NIFTP can
be distinguished from classical PTC on the basis of the
presence of multiple nuclear pseudoinclusions, papillae
and nuclear clearing, but not from invasive FVPTC.
Similarly, some authors have suggested that nuclear
irregularities, grooves and pseudoinclusions could favor
the diagnosis of invasive FVPTC (24). NIFTPs on fine-
needle aspiration (FNA) cytology are mainly classified
in one of the indeterminate categories of TBSRTC,
similarly to the other thyroid neoplasms characterized
by follicular architecture (17). While some have reported
that a malignant preoperative cytological diagnosis is less
likely in NIFTP (25), others have shown a high rate of
preoperative malignant cytology in the TBSRTC category
that corresponds to NIFTP (26). Hypothesizing that the
proportion of NIFTP that are classified as malignant
on cytology is small (17), the ROM observed in the
indeterminate diagnostic categories of TBSRTC will be
lower (27). In a review of the literature by Amendoeira and
colleagues, the decrease of ROM is reported to be from
13.5% to 48% in SM, from 10% to 36% in SFN/FN and
from 4.9% to 45% in AUS/FLUS nodules (28). Of note, the
issue of the decreasing ROM in TBSRTC classes represents
a controversial point, since NIFTP are non-malignant, but
they cannot be considered benign entities (29).

The studies based on the cytological evaluation
of NIFTP lesions confirm that thyroid nodules with
microfollicular architecture and mild nuclear atypia
on FNA, even performing a careful evaluation, cannot
be further characterized on cytology and often require
diagnostic surgery. For this reason, to improve the
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preoperative identification of NIFTPs, many authors
investigated the usefulness of molecular testing.

Molecular characteristics of NIFTP

Molecular characteristics of NIFTP have been evaluated
either on their preoperative FNAs or on tissue samples.
Considering gene mutations and fusions, it has been widely
demonstrated that NIFTPs are R4S-like tumors (30). They
harbor mainly RAS mutations; BRAF**'"
present in some cases, while the BRAF'*"*, more prevalent
in classic PTC, should not be detected in NIFTP (7). In
detail, in this review of the literature, we found 16 papers
investigating RAS mutations in NIFTPs (3,8,10,31-43); the
reported mutation frequency ranged from 20% to 100%,

mutation can be

but 9 out of the 16 studies were centered in the range of
40-70%. Considering the BRAF**'" mutation, some studies
reported the absence of this alteration in NIFTP, while at
least eight papers detected this mutation in 2-11.5% of
cases. In the majority of papers (5 out of 8), however, the
frequency of BRAF*”'" mutation in NIFTPs was below 5%.
The presence of other RAS-like alterations such as EIFIAX
mutations has been scarcely investigated in NIFTP. In the
very first NIFTP cohort, RAS mutations coexisted with
EIF1A4X in two cases out of the 27 evaluated with molecular
test (3). Similarly, the coexistence of EIFIAX mutation
with a rare BRAF mutation in one out of 27 NIFTPs was
reported (39).

In the same way, the main gene fusions found in
NIFTP are those involving PPARG and THADA genes,
typically detected in RAS-like thyroid neoplasms. PPARG
rearrangements have been found in up to 22% (3,34,39,41)
and THADA fusions in up to 40% of NIFTPs (3,36,39).

Besides BRAFY*® mutation, NIFTP should not have
TP53 and TERT promoter mutations, commonly detected
in high-risk cancer. However, these oncogenic events have
been reported to be present in NIFTP: BRAF' " mutation
was detected in NIFTPs by some authors (8,31,32,37);
TERT promoter mutations have been described so far in 1
out of 4 NIFTPs by Jiang an colleagues (10) and in 1 out of
15 NIFTPs by Song and colleagues (41). In the paper that
recently proposed the refinement of criteria for NIFTP
diagnosis, the absence of BRAFY"_like and other high-
risk mutations has been included as a secondary diagnostic
criterion (7).

The expression analysis of mRNA and miRNA panels
in NIFTP has been reported by several groups. First
of all, considering the Afirma test [Gene Expression
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Classifier, (GEC), now available as Genomic Sequencing
Classifier (GSC)], it seems that the majority of NIFTPs
are called as “suspicious” (10,44-46). There is still no
consensus regarding how a NIFTP should be labeled by
GEC. NIFTPs require surgery to be diagnosed, and the
adequate treatment—if one could know that a nodule is a
NIFTP before surgery—should be lobectomy. However,
clinicians could be prompted toward total thyroidectomy
in the light of a “suspicious” test result (47). In any case,
not all NIFTPs have preoperative GEC “suspicious” result,
and also GEC “benign” NIFTPs have been reported
(44,48); since the majority of GEC “benign” nodules do
not undergo surgery, it is reasonable hypothesizing that
the rate of GEC “benign” nodules that proves NIFTP
on histology could be underestimated. This hypothesis is
supported by gene expression studies that demonstrated
the heterogeneous nature of NIFTPs. In detail, Giannini
and collaborators and Borrelli and collaborators, analyzing
a mRINA panel and a miRNA panel respectively, reported
that NIFTPs could be further divided in two different
subgroups; comparing NIFTP expression profile to other
thyroid lesions, they found that part of NIFTPs resemble
to infiltrative FVPTCs and part to follicular adenomas
(33,37). Pool and colleagues recently reported that, based
on gene expression data, NIFTPs could be subdivided into
three molecular groups, in particular a R4F-like, a RAS-like
and a THADA-like, enriched in lesions with BRAF, RAS
mutations and THADA fusions respectively (49). These
findings demonstrate that NIFTPs are not a homogeneous
group of lesions when their phenotype is evaluated; this
is consistent with the hypothesis that NIFTP represents
a pre-malignant lesion that could be observed in different
moments of its morphological—and molecular—evolution:
closer to a benign-like lesion it derives from, or closer to its

invasive form.

Conclusions

Since 2016, the scientific community made great efforts
in studying, describing and characterizing the new
histological entity of NIFTP. Clinical and pathological
guidelines endorsed the new terminology as well as the
diagnostic criteria. NIFTPs have been characterized on
histology, cytology and at molecular level. In all these
fields, the common issue remains the difficult preoperative
identification of this clinically indolent lesion, whose
early diagnosis would allow a tailored surgical and clinical
treatment. Finally, the last unmet point is to confirm the
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low-risk nature of NIFTPs in long-term follow-up series of
patients.
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