
THYROID CANCER AND NODULES

Preoperative Cytologic Diagnosis of Noninvasive Follicular
Thyroid Neoplasm with Papillary-Like Nuclear Features:

A Prospective Analysis

Kyle C. Strickland,1 Marina Vivero,1 Vickie Y. Jo,1 Alarice C. Lowe,1 Monica Hollowell,1 Xiaohua Qian,1

Tad J. Wieczorek,1 Christopher A. French,1 Lisa A. Teot,1 Peter M. Sadow,2 Erik K. Alexander,3

Edmund S. Cibas,1 Justine A. Barletta,1,* and Jeffrey F. Krane1,*

Background: The term noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP)
has been proposed to replace noninvasive follicular variant of papillary thyroid carcinoma (FVPTC) in rec-
ognition of the indolent behavior of this tumor. The ability to differentiate NIFTP from classical papillary
thyroid carcinoma (cPTC) by fine-needle aspiration (FNA) would facilitate conservative management for
NIFTP. The aim of this study was to determine if NIFTP can be distinguished prospectively from cPTC.
Methods: From June 2015 to January 2016, thyroid FNAs with a diagnosis of ‘‘malignant’’ or ‘‘suspicious for
malignancy’’ were prospectively scored for features associated with NIFTP/FVPTC (microfollicular architecture)
or cPTC (papillae, psammomatous calcifications, sheet-like architecture, and nuclear pseudoinclusions) and cat-
egorized as NIFTP/FVPTC, cPTC, or indeterminate. Results were correlated with subsequent histologic diagnoses.
Results: The study included 52 patients with 56 resected nodules with a cytologic diagnosis of ‘‘malignant’’ (43/56)
or ‘‘suspicious for malignancy’’ (13/56). Forty-nine patients (94%) underwent initial total thyroidectomy. Histo-
pathologic diagnoses included 42 cPTC, 8 NIFTP, 3 invasive FVPTC, 2 follicular adenomas, and 1 poorly dif-
ferentiated carcinoma. Excluding 7 indeterminate cases, 89% (8/9) of nodules classified as NIFTP/FVPTC on FNA
demonstrated follicular-patterned lesions on histology (5 NIFTP, 1 invasive FVPTC, 2 follicular adenomas).
Cytopathologists prospectively identified cPTC in 95% (38/40) of cases.
Conclusions: In thyroid FNAs with cytologic features concerning for PTC, NIFTP/FVPTC can be distinguished
from cPTC in most cases by assessing a limited number of features. Therefore, it is both feasible and appropriate to
attempt to separate NIFTP/FVPTC from cPTC on FNA to promote appropriate clinical management.

Introduction

The term noninvasive follicular thyroid neoplasm
with papillary-like nuclear features (NIFTP) has recently

been proposed to replace noninvasive follicular variant of
papillary thyroid carcinoma (FVPTC) (1). The designation of
NIFTP rather than carcinoma represents a culmination of work
demonstrating that these tumors are a distinct subset of FVPTC
with a very indolent clinical course (2–5). The histologic di-
agnosis of NIFTP relies on a few critical morphologic criteria,
including (1) the presence of an entirely follicular architecture
with <1% papillary structures, (2) the nuclear features of PTC
including fine chromatin, pale nuclei, and nuclear grooves, (3)
a sharp interface between the tumor and the adjacent thyroid
parenchyma, including encapsulated, partially-encapsulated,

and well-circumscribed tumors, and (4) the lack of infiltrative
growth, capsular invasion, or lymphovascular invasion. Ac-
cordingly, NIFTP warrants excision by lobectomy to exclude
an invasive FVPTC, classical PTC (cPTC), or other thyroid
malignancy, and because NIFTP itself requires excision since
it may be a precursor to a more aggressive thyroid tumor. Once
the diagnosis of NIFTP is made histologically, however, fur-
ther therapy such as completion thyroidectomy and/or radio-
iodine therapy may not be warranted.

Adoption of the NIFTP terminology has significant conse-
quences for thyroid fine-needle aspiration (FNA). The risk of
malignancy, assuming NIFTP is classified as nonmalignant,
associated with all diagnostic categories of The Bethesda
System for Reporting Thyroid Cytopathology (TBSRTC)
would decrease. Of particular note, our group demonstrated
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that the risk of malignancy of the ‘‘suspicious for malignancy’’
category would decrease by up to 50% (6), a finding that was
supported by Faquin et al. in a multi-institutional study (7).
The challenge posed by NIFTP is especially acute with the
‘‘suspicious for malignancy’’ and ‘‘malignant’’ categories,
where the FNA diagnosis frequently prompts initial total
thyroidectomy, but where more conservative management
(i.e., lobectomy) would be preferable if the histologic diag-
nosis proves to be NIFTP.

Recently, members of our group published the results of a
small pilot study retrospectively comparing the cytologic
features of NIFTP with those of cPTC (8). The results of this
study showed that NIFTP was more likely diagnosed as
suspicious for malignancy rather than malignant on cytology
and demonstrated a microfollicular predominant architec-
ture. In contrast, the presence of papillae, pseudoinclusions,
and psammomatous calcifications were confined to cases of
cPTC. Because of the significant implications for patient
management, distinction of NIFTP or FVPTC from cPTC is
desirable at the time of FNA. The aim of the current study
was to determine if cytologists can prospectively distinguish
NIFTP from cPTC using the criteria described above.

Materials and Methods

This clinical investigation was approved by the institutional
review board. The study cohort included all thyroid FNAs
evaluated from June 1, 2015, to January 15, 2016, at Brigham
and Women’s Hospital. Thyroid FNAs were performed under
ultrasound guidance by staff endocrinologists, without routine
on-site evaluation. Aspirates from three to four passes using a
25-gauge needle were collected immediately in CytoLyt
(Hologic, Inc., Marlborough, MA), and Papanicolaou-stained
ThinPrep slides were prepared using the ThinPrep 2000 (Ho-
logic). All thyroid FNA specimens were diagnosed according
to criteria set forth by the Bethesda System for Reporting
Thyroid Cytopathology (9) by 1 of 10 staff cytopathologists
participating in the study. Study cases were comprised only
of ‘‘suspicious for malignancy’’ or ‘‘malignant’’ diagnoses as
these are the most likely to prompt total thyroidectomy and
therefore present the greatest opportunity to alter clinical
management by distinguishing NIFTP/FVPTC from cPTC.
For each case, the cytopathologist responsible for rendering the
diagnosis as part of routine clinical care also completed a study
questionnaire. All questionnaires were completed prospec-
tively, prior to any subsequent surgery. Cases with available
surgical follow-up comprised the final study cohort. Resected
surgical pathology specimens were reviewed by an endocrine
pathology specialist ( J.B. and P.S.).

Each questionnaire included entries to record the presence
or absence of the following morphologic characteristics: pa-
pillae, pseudoinclusions, psammomatous calcifications, mi-
crofollicular predominance (or alternatively, a predominance
of follicular cells in sheets). If present, the cytopathologist
was asked to record the number of pseudoinclusions as
frequent (‡3) or rare (1–2). Based on these criteria, the
cytopathologist was asked to classify the aspirate into 1 of
3 categories: (1) cPTC, based on the presence of papillae,
pseudoinclusions, or psammomatous calcifications; (2) NIFTP/
FVPTC, based on microfollicle predominance without papillae,
pseudoinclusions, or psammomatous calcifications; or (3) in-
determinate, based on the predominance of follicular cells in

sheets without papillae, pseudoinclusions, or psammomatous
calcifications.

Statistical analysis

Fisher’s exact test was used to evaluate the statistical
significance of categorical variables. All p-values are two
sided, and a level of 0.05 was considered statistically sig-
nificant. GraphPad Prism v5.02 (GraphPad Software, San
Diego, CA) was used to analyze the data.

Results

Clinical features

During the study period, 29 thyroid FNA specimens were
diagnosed as ‘‘suspicious for malignancy’’ and 69 as ‘‘ma-
lignant.’’ Surgical follow-up was available for 56 (57%) of
these nodules (13 ‘‘suspicious for malignancy’’ and 43
‘‘malignant’’ on cytology). Liquid-based cytology prepara-
tions were available for 53 cases, while smears were the only
type of preparations for three cases. Twenty (36%) were
consult cases from outside institutions, and 9 of these con-
tained smear preparations. The 56 nodules were from 52
patients, 38 females and 14 males, with an average age of 47
years (range, 24–87 years). There were 49 initial total thy-
roidectomies and 3 initial lobectomies. The 3 patients with
initial lobectomies had 2 cPTC and 1 FVPTC with capsular
invasion; only 1 patient with cPTC underwent completion
thyroidectomy. Of the 56 nodules, the final histologic diag-
noses were 42 cPTC, 8 NIFTP, 3 FVPTC with invasion, 2
follicular adenomas, and 1 poorly differentiated carcinoma.

Cytologic and histologic features

Statistical parameters for each of the cytologic features (pa-
pillae, pseudoinclusions, frequent pseudoinclusions, psammo-
matous calcifications, and microfollicular predominance; see
Fig. 1) are listed in Table 1, and cytologic and histologic di-
agnoses, along with the prospective impression, are summa-
rized in Fig. 2. Of the 42 cPTC, 38 (91%) were favored to be
classical at the time of FNA, 3 (7%) were categorized as in-
determinate, and 1 case (2%) was mistaken for NIFTP/FVPTC.
Of the 13 follicular-patterned lesions, cytologists categorized 8
(62%) as NIFTP/FVPTC (5 were NIFTP, 2 were follicular
adenomas, and 1 was an FVPTC with invasion), 3 (27%) as
indeterminate, and 2 (18%) as cPTC. Overall, excluding inde-
terminate cases, if the cytologist favored cPTC, the resection
specimen was cPTC in 95% of cases (38/40), and, if the cy-
tologist favored NIFTP/FVPTC, the resection specimen was a
follicular-patterned lesion in 89% of cases (8/9).

Discordant cases

Of the 49 cases favored to be either cPTC or NIFTP/FVPTC
by cytologists, 3 cases were mistakenly categorized. Two
NIFTP/FVPTC were mistakenly categorized as cPTC on cy-
tology. One of these was a NIFTP (1.1 cm) located adjacent to
a cPTC (1.2 cm), and it is unclear whether the cPTC was in-
advertently sampled at the time of FNA. The other was an
encapsulated FVPTC with capsular invasion; however, the
tumor was largely replaced by FNA site change (Fig. 3),
raising the possibility that the nodule previously had a papil-
lary architecture that was obliterated. The third case was a
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cPTC that was mistakenly categorized as NIFTP/FVPTC
(Fig. 4). On cytology, the tumor showed a microfollicular-
predominant architecture, with crowded, three-dimensional
groups composed of atypical follicular cells with pale chro-
matin and nuclear grooves. The cytologist identified rare
papillary structures, one of which contained a single pseu-
doinclusion, and favored NIFTP/FVPTC ‘‘but with a low de-
gree of confidence.’’ On histology, although the tumor had
papillae (and was therefore characterized as cPTC), much of
the tumor had a follicular architecture.

Discussion

The recently introduced terminology of NIFTP (1) repre-
sents a paradigm shift in the diagnosis of PTC, recognizing
that tumors previously classified as encapsulated, partially
encapsulated or well-circumscribed FVPTC without capsu-
lar penetration or lymphovascular invasion have little, if
any, metastatic potential or risk of recurrence (4,5,10–13).
Furthermore, NIFTP tend to harbor RAS and PAX8/PPARc
mutations and lack the BRAFV600E mutation that is associated

FIG. 1. Cytologic features used to distinguish cPTC from NIFTP/FVPTC. All aspirates were evaluated for evidence of
cPTC as shown by the presence of (A) papillary architecture (ThinPrep, Pap stain, 200 · magnification); (B) psammomatous
calcifications (ThinPrep [Hologic, Inc.], Pap stain, 400 · magnification); and/or (C) frequent (three or more) nuclear
pseudoinclusions (ThinPrep, Pap stain, 1000 · magnification). If these features were absent and there was a predominantly
microfollicular architecture (D); ThinPrep, Pap stain, 1000 · magnification), then NIFTP/FVPTC was favored. If features of
cPTC were absent and sheet-like growth predominated, then the findings were deemed indeterminate. cPTC, classical
papillary thyroid carcinoma; NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear features; FVPTC,
follicular variant of papillary thyroid carcinoma. Color images available online at www.liebertpub.com/thy

Table 1. Cytomorphologic Features and Associated Histologic Diagnosis

Histologic diagnosisa Total Papillaeb
Nuclear

pseudoinclusionsc [if ‡3]
Psammomatous
calcificationsd

Microfollicular
predominante

cPTC 42 30 35 [22] 7 2
NIFTP/FVPTC/Adenoma 13 2 2 [0] 0 8
FVTPC 3 1 1 [0] 0 1
NIFTP 8 1 1 [0] 0 5
Adenoma 2 0 0 [0] 0 2

aFor the purposes of this table, results for the poorly differentiated carcinoma are excluded.
bp = 0.0007.
cp < 0.0001.
dp = 0.179.
ep < 0.0001.
cPTC, classical papillary thyroid carcinoma; NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear features;

FVPTC, follicular variant of papillary thyroid carcinoma.
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with high-risk histopathologic features (14–16). Therefore,
the behavior and molecular alterations of NIFTP indicate that
these tumors are more similar to follicular adenomas and
follicular carcinomas than they are to cPTC. As is true with
follicular neoplasms, diagnostic excision (typically by lo-
bectomy) is needed to establish the diagnosis of NIFTP and to
exclude alternative diagnoses particularly encapsulated
FVPTC with invasion, infiltrative FVPTC, and cPTC. More-
over, NIFTP requires surgical management since it may be a
precursor to a more aggressive thyroid tumor. Once the diag-
nosis of NIFTP is made histologically, however, further ther-
apy such as completion thyroidectomy and/or radioiodine
therapy may not be warranted.

The introduction of NIFTP poses significant challenges for
cytopathologists in classifying thyroid nodules on FNA.
Tumors historically classified as FVPTC do not typically
exhibit the full range of cytologic features associated with
cPTC and as a result have tended to be classified in the in-
determinate categories of the TBSRTC framework, with
‘‘malignant’’ aspirates preferentially representing cPTC (17).
Architectural alterations of NIFTP/FVPTC also overlap sig-
nificantly with aspirates in the ‘‘suspicious for a follicular
neoplasm’’ category (18). Although NIFTP cases are dis-
tributed among all TBSRTC categories (6,7), in current
practice NIFTP is frequently associated with the ‘‘suspicious
for malignancy’’ diagnosis (6). Consequently, many patients
with NIFTP are triaged to total thyroidectomy when lobec-
tomy alone would have been the adequate therapy.

In order to triage patients with NIFTP to more conservative
clinical management, cytopathologists need to be able to
distinguish NIFTP/FVPTC from cPTC. To determine whe-
ther this distinction can be made in a reliable manner, we
prospectively classified aspirates originally diagnosed as
‘‘suspicious for malignancy’’ or ‘‘malignant’’ using criteria

we had previously identified as helpful in distinguishing
between NIFTP/FVPTC and cPTC (8). These criteria were
sufficient to permit classification as either NIFTP/FVPTC or
cPTC in 87.5% (49/56) of cases with accurate distinction
between cPTC and other follicular patterned lesions (in-
cluding NIFTP, FVPTC, and follicular adenoma) in 94% (46/
49) of classified cases. Thus, in cases where nuclear features
already raise significant concern for the diagnosis of PTC,
cytologists are generally successful at separating NIFTP/
FVPTC from cPTC by looking for a predominantly micro-
follicular architectural pattern in NIFTP/FVPTC and frequent
nuclear pseudoinclusions, papillae, and/or psammomatous
calcifications in cPTC.

In practical terms, if the pathologist’s cytologic impression
had been used to limit extent of surgery for our study popula-
tion, management would have been altered for 8 patients. These
8 patients favored to have NIFTP/FVPTC on FNA would have
had initial lobectomy instead of total thyroidectomy; only 1 of
these 8 patients would have been subsequently triaged to
completion thyroidectomy after an initial diagnostic lobectomy
demonstrated focal features warranting a diagnosis of cPTC.
Altered management would have the greatest impact in the
‘‘suspicious for malignancy’’ category, where it would have
affected 54% (7/13) of cases, while only altering management
in 2% (1/43) of ‘‘malignant’’ cases. This difference reflects the
fact that cPTC diagnoses are preferentially represented in the
‘‘malignant’’ category (93%; 40/43 nodules), while the ‘‘sus-
picious for malignancy’’ category is mostly represented by
follicular-patterned lesions (only 15% cPTC; 2/13 nodules). In
our cohort there were very few cPTC with a preceding ‘‘sus-
picious for malignancy’’ diagnosis on FNA. This may suggest
that triaging all patients with a ‘‘suspicious for malignancy’’
diagnosis to lobectomy instead of total thyroidectomy, would
be sufficient. However, in previous cohorts studied by our group
(6,17) and others (7), the ‘‘suspicious for malignancy’’ category
included a higher percentage of cPTCs, indicating further re-
finement of the ‘‘suspicious for malignancy’’ category could be
helpful in guiding initial surgical strategy.

If, as our study suggests, NIFTP/FVPTC can be prospec-
tively recognized, the appropriate classification of such lesions
should be addressed in a future revision of the TBSRTC. In
many ways, the limitations in recognizing NIFTP by FNA
parallel similar constraints in classifying follicular neoplasms.
As is true for follicular neoplasms, cytology alone cannot
render a definitive diagnosis of NIFTP. Histologic examination
is needed to exclude alternative diagnoses where the tumor is
infiltrative (infiltrative FVPTC), is encapsulated but with
capsular or vascular invasion (encapsulated FVPTC with in-
vasion), has focal papillary architecture (cPTC), has high mi-
totic activity, necrosis or solid growth (poorly differentiated
carcinoma), or lacks sufficient nuclear features to warrant the
diagnosis of NIFTP (follicular adenoma or follicular carcino-
ma). Nevertheless, in most instances where NIFTP is suspected
cytologically, the histologic diagnosis will not be a malig-
nancy. Therefore, we believe there are two possible approaches
currently: (1) suspected NIFTP lesions could be classified in
the ‘‘suspicious for a follicular neoplasm’’ category; or (2)
suspected NIFTP lesions could be classified as ‘‘suspicious for
malignancy’’ but with a comment that NIFTP/FVPTC is likely/
favored. With appropriate education, this approach would
achieve triage similar to usual aspirates in the ‘‘suspicious for a
follicular neoplasm’’ category, which are typically referred for

FIG. 2. Histologic diagnoses compared to cytologic im-
pression. TBSRTC, The Bethesda System for Reporting Thy-
roid Cytopathology; IFVPTC, follicular variant of papillary
thyroid carcinoma with invasion/infiltration; PDcar, poorly
differentiated carcinoma.
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a diagnostic lobectomy, possibly preceded by molecular test-
ing if desired. The majority of patients with a suspected NIFTP
will require no further surgery, with completion lobectomy
reserved for individuals with a malignant histologic diagnosis.
Suspected NIFTP/FVPTC may ultimately merit a separate
category in a future iteration of the TBSRTC, but only if
reproducibly recognizable criteria can be identified that will

allow reliable distinction from other diagnostic categories.
Additionally, although NIFTP/FVPTC and cPTC already tend
to stratify into the ‘‘suspicious for malignancy’’ and ‘‘malig-
nant’’ TBSRTC categories, it is important to identify potential
criteria to distinguish ‘‘suspicious for malignancy’’ and ‘‘ma-
lignant’’ categories to preserve the historically nearly 100%
positive predictive value of a ‘‘malignant’’ cytologic diagnosis.

There are limitations of our study that warrant some cau-
tion. Our study was conducted over a relatively short time
interval with a limited number of cases from a single aca-
demic center. The criteria that we focused on studying were
recognized and applied largely in liquid based cytology
(ThinPrep) preparations. It is possible that these criteria may
not be applicable to the same degree with smears or that other
criteria may prove more useful in distinguishing NIFTP/
FVPTC from cPTC with other preparation methods. Our
study also represents an intentionally simplified approach to
making the distinction between NIFTP/FVPTC and cPTC, as
it was our hope that these criteria would be easily adopted in
routine clinical practice. It is possible that additional cyto-
logic criteria or correlation with ultrasonographic findings
(19) may enable even better distinction between these enti-
ties. Certainly, verification in other laboratories including
practitioners in nonacademic settings will help establish op-
timal criteria that can be used in routine practice settings.

In conclusion, NIFTP is an indolent tumor that has his-
torically been classified on cytology along with variants of
PTC. Our study indicates that simple cytologic and archi-
tectural features (i.e., papillae, pseudoinclusions, psammo-
matous calcifications, and microfollicular architecture) can
be used to distinguish prospectively the majority of NIFTP
and other follicular-patterned lesions from cPTC. Therefore,
cytopathologists should be able to diagnose and appropriately
triage the majority of patients with putative NIFTP/FVPTC
for consideration of diagnostic lobectomy while also recog-
nizing cPTC and triaging those for total thyroidectomy.

FIG. 4. A cPTC favored to be
NIFTP/FVPTC on cytology. This
case of a follicular-predominant
cPTC illustrates a potential pitfall of
diagnosing NIFTP/FVPTC on cytol-
ogy. (A) The tumor displayed a
microfollicular-predominant
architecture (ThinPrep, Pap stain,
200 · magnification). (B) Follicles
were composed of crowded follicular
cells with pale chromatin and nuclear
grooves (ThinPrep, Pap stain,
1000 · magnification). (C) There
were rare papillary-like structures,
one containing a single pseudoinclu-
sion (arrow) (ThinPrep, Pap stain,
1000 · magnification). (D) Histologic
sections revealed a tumor that was
predominantly follicular-patterned
(inset, 600 · magnification) but
contained a small focus of papillary
architecture, warranting a diagnosis
of cPTC (H&E, 200 · magnification).
Color images available online at
www.liebertpub.com/thy

FIG. 3. FVPTC with capsular invasion. There is extensive
fibrosis consistent with fine needle aspiration (FNA) site
change. The corresponding FNA was favored to be cPTC
and papillae were noted, raising the possibility that the
tumor had a papillary architecture which was obliterated by
the FNA (H&E; 100 · magnification). Color images avail-
able online at www.liebertpub.com/thy
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