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Abstract
Background: A low-risk thyroid tumour, non-invasive follic-
ular thyroid neoplasm with papillary-like nuclear features 
(NIFTP) was introduced in 2016. NIFTP criteria require a thor-
ough histological examination to rule out capsular and lym-
phovascular invasion, which denies the possibility of preop-
erative cytological diagnosis. Nevertheless, since the adop-
tion of the new entity, the cytology of NIFTP has been a 
subject of interest. Objectives: The present systematic re-
view and meta-analysis investigate the cytological diagnosis 
of NIFTP. Method: An online PubMed literature search was 
conducted between March 1, 2020, and June 30, 2020, for all 
original articles considering the cytology of histologically 
proven NIFTP. The studies including data on fine needle as-
piration specimens classified by The Bethesda System for Re-
porting Thyroid Cytology (TBSRTC) categories, risk of malig-
nancy (ROMs) in the TBSRTC categories, and cytomorpho-

logical features of NIFTP were included in the meta-analysis. 
Non-English studies and case reports were excluded. The 
data were tabulated and statistical analysis was performed 
with Open Meta-Analyst program. Results: Fifty-eight stud-
ies with a total of 2,553 NIFTP cases were included in the 
study. The pooled prevalence of NIFTP cases was calculated 
among 25,892 surgically resected cases from 20 studies and 
the results show that NIFTP consisted 4.4% (95% confidence 
interval [CI]: 3.5–5.4%) of all cases. Most of the NIFTP cases 
(79.0%) belonged to the intermediate categories of TBSRTC. 
The pooled distribution of NIFTP cases in each TBSRTC cat-
egory was 1.3% (95% CI: 0.8–1.7%) in non-diagnostic (ND), 
8.9% (95% CI: 6.9–10.8%) in benign, 29.2% (95% CI: 25.0–
33.4%) in atypia of undetermined significance or follicular 
lesion of undetermined significance (AUS/FLUS), 24.2% (95% 
CI: 19.6–28.9%) in follicular neoplasm (FN), 19.5% (95% CI: 
16.1–22.9%) in suspicious for malignancy (SM), and 6.9% 
(95% CI: 5.2–8.7%) in malignant. Compared to pre-NIFTP era, 
the pooled risk differences of ROM were reduced by 2.4% in 
ND, 2.7% in benign, 8.2% in AUS/FLUS, 8.2% in FN, 7.3% in 
SM, and 1.1% in the malignant category. The cytomorpho-
logical features of NIFTP were similar to follicular variant of 
papillary thyroid carcinoma (FVPTC) but lesser to papillary 
thyroid carcinoma (PTC). Conclusions: Based on our results, 
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NIFTP remains a histological diagnosis. Although cytomor-
phological features cannot be used in differentiating NIFTP 
from FVPTC, they may guide in separating NIFTP from PTC. 
Features such as papillae, microfollicles, giant cells, psam-
moma bodies, and the amount of papillary-like nuclear fea-
tures should be taken into account when suspicious of NIF-
TP. NIFTP should not have papillae or psammoma bodies, 
and giant cells were rarely observed.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Thyroid tumours are the most common endocrine 
neoplasms. The number of diagnosed thyroid tumours 
increased in the last decades, while mortality rates re-
mained at the same level [1, 2]. This is partially explained 
by overdiagnosing and the slow progression and indolent 
behaviour of the tumours [3, 4]. Papillary thyroid carci-
noma (PTC) is the most common thyroid malignancy, 
and it is solely responsible for the increase in the thyroid 
tumour incidence [2, 5]. Follicular variant of papillary 
thyroid carcinoma (FVPTC) contributes to a large por-
tion of papillary carcinomas and covers over 20% of all 
thyroid tumours in Europe and North America [6]. 
FVPTC is divided into encapsulated and infiltrative vari-
ants [1]. The non-invasive encapsulated variant has an 
indolent clinical behaviour with only few adverse out-
comes, contradictory to the fact that the entity was clas-
sified as malignant [6–10].

In 2016, an international group of experienced endo-
crine pathologists introduced a new low-risk tumour en-
tity, non-invasive follicular thyroid neoplasm with papil-
lary-like nuclear features (NIFTP) [11]. NIFTP was in-
cluded in the fourth edition of the World Health 
Organization classification of tumours of endocrine or-
gans [1] and in the guidelines of the American Thyroid 
Association [12], which led to the general adoption of the 
new entity. Prior to the nomenclature change, NIFTP cas-
es were usually classified as non-invasive encapsulated 
form of FVPTC, covering a significant portion of that 
group, although elsewhere in many parts of the world in-
cluding Asia and the UK, the majority of cases that now 
meet the World Health Organization 2017 criteria for 
NIFTP were most frequently diagnosed as follicular ad-
enoma. It was estimated that over 45,000 patients all 
around the world would now be diagnosed with NIFTP 
yearly [11].

As a neoplasm with an extremely low malignant po-
tential, NIFTP should not be a metastatic or recurrent 

tumour [13]. Since NIFTP is no longer considered a can-
cer, the reclassification will decrease the amount of over-
diagnoses, overtreatment, the need of surveillance, and 
the psychological and financial burden on patients diag-
nosed with NIFTP. NIFTP cases ought to be treated in a 
more risk-appropriate way which reduces the complica-
tions associated with total thyroidectomy and radioactive 
iodine therapy [6, 11, 14]. The elimination of the label 
“cancer” will have a significant psychosocial effect on the 
patients and will reduce the stigma of NIFTP diagnosis, 
since patients commonly associate cancer with inevitable 
progression, metastases, and possible death [15, 16].

After being revised in 2018, the diagnostic criteria of 
NIFTP were grouped into the primary and the secondary 
criteria. The primary criteria are required for the diagno-
sis of NIFTP. The secondary criteria are not necessary but 
may guide the diagnosis. The primary criteria for NIFTP 
diagnosis include encapsulation or clear demarcation of 
the tumour with no vascular or capsular invasion at his-
tological examination, follicular growth pattern with no 
well-formed papillae, no psammoma bodies, and <30% of 
solid, trabecular, or insular growth pattern. A nuclear 
score of 2 or 3 is needed, and tumour necrosis or high 
mitotic activity should be absent. The secondary criteria 
include the lack of BRAFV600E mutation, BRAFV600E-like 
mutations, or other high-risk mutations detected by mo-
lecular assays or immunohistochemistry [11, 17, 18].

Since the diagnostic criteria require a histological ex-
amination, NIFTP is not a cytological diagnosis. Nev-
ertheless, since the introduction of the new entity, cy-
tology of NIFTP has been a subject of interest. Thyroid 
fine needle aspiration (FNA) biopsies are categorized 
using The Bethesda System for Reporting Thyroid Cy-
topathology (TBSRTC) [19]. NIFTP cases generally be-
long to the intermediate categories of TBSRTC [8, 20–
26]. The nomenclature revision affects the calculated 
risks of malignancy (ROM) in the TBSRTC categories. 
Since NIFTP is no longer considered malignant, the 
ROM decreased especially in the intermediate catego-
ries, where the underlying prevalence of EFVPTC is 
high [20, 25, 27–29]. With low rates of diagnosis of 
EFVPTC and NIFTP, the effect on the rates of diagnosis 
and ROM in the various indeterminate categories is ex-
pected to be low or negligible.

Given the novelty of the entity, meta-analyses with 
only moderately small sample sizes have been made and 
the cytological diagnosing of NIFTP still remains un-
certain. The present meta-analysis is conducted to 
study the cytological diagnosing of cases histologically 
confirmed as NIFTP. For example, we scoped on the 
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TBSRTC categorization, ROM changes, and cytomor-
phological features. In addition, we calculated NIFTP 
prevalence and compared the incidence in the different 
TBSRTC categories.

Methods

A PubMed literature search was done between March 1, 2020, 
and June 30, 2020, to identify all suitable original articles. The 
search was aimed to detect original studies on the cytology of NIF-
TP. The terminologies used for the search were (“non-invasive fol-
licular thyroid neoplasm with papillary like nuclear features” or 
“NIFTP”) and (“cytology” or “cytomorphology” or “risk of malig-
nancy”). To expand the search, the citations of the included studies 
and relevant meta-analyses were also manually inspected for po-
tential articles during the previously mentioned dates.

All the studies were screened independently by 1 reviewer 
(E.H.). Any unclear questions were discussed with another review-
er (I.K.). The titles and abstracts were screened for the potential 
data related to our study subject. If the article seemed to be relevant 
to the study, full text was screened for the inclusion and exclusion 
criteria. Studies were included if they fulfilled the following crite-
ria: (1) strict NIFTP criteria were used and thorough histological 
investigations were performed, and (2) FNA biopsies were catego-
rized using TBSRTC, and (3) the study included adequate data 
about FNA cytology results, ROMs according to the TBSRTC cat-
egories or cytomorphology. Non-English language articles and 
case reports were excluded. The selection process is displayed in a 
flowchart (Fig. 1).

The following data were extracted in a standardized form from 
the articles by 1 reviewer (E.H.): first author, year of publication, 
geographical area, study design (prospective vs. retrospective), 
study population (institutional vs. multi-institutional), inclusion 
criteria, time period, staining and preparation methods, number 
of FNA biopsies, number of surgically resected nodules, histologi-
cal diagnoses, TBSRTC categories, cytomorphological features, 
and calculated ROM.

The observed and described cytomorphological nuclear fea-
tures were nuclear pseudoinclusions, crowding, enlargement, con-
tour irregularities, elongation, grooves, and chromatin clearing. In 
addition, the presence of giant cells, psammoma bodies, microfol-
licles, and papillae was documented. If the articles contained data 
considering cytomorphology of FVPTC or PTC, the relevant facts 
were also extracted and included in the analysis. The data were col-
lected in Microsoft Excel.

The ROMs were calculated in 2 ways: considering NIFTP as a 
malignant entity and as a non-malignant tumour. The decrease of 
ROM after the reclassification was also calculated. If the study in-
cluded data of both actual ROMs (malignant cases – NIFTP cases/
all surgically resected cases) and overall ROMs (malignant cases – 
NIFTP cases/all FNA samples), only the actual ROM was extracted.

Considering the fact that the majority of the studies were ex-
pected to be retrospective reviews of cytology databases, the pos-
sibility of missing data in some variables was allowed in the sys-
tematic review. Missing data were reported as “N.D.” If studies had 
missing data on relevant variables, they were excluded from meta-
analysis calculations.

Mean, minimum, and maximum values and SEM were calcu-
lated in each category. The prevalence of each cytomorphological 
feature was calculated from mean incidence. The NIFTP preva-

Search results from PubMed using the
search terms (”noninvasive follicular thyroid 

neoplasm with papillary like features” OR
”NIFTP”) AND (”cytology” OR ”risk of

malignancy” OR ”cytomorphology”) prior
30th June 2020

n = 173

Manually inspected citations of
relevant meta-analyses / studies

included in this meta-analysis

Studies included in this meta-analysis
n = 58

Studies chosen for full text reading

Reasons for exclusion:
- Non-English studies
- Case reports
- Reviews and Meta-analyses
- Studies not considering the  

study subject 

Reasons for exclusion:
- Strict NIFTP-criteria not used
- TBSRTC not used
- No data of TBSRTC 

categorization, ROM or 
cytomorphology

Fig. 1. A flow chart displaying the study se-
lection process. OR, odds ratio; NIFTP, 
non-invasive follicular thyroid neoplasm 
with papillary-like nuclear features; TB-
SRTC, The Bethesda System for Reporting 
Thyroid Cytopathology.
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lence was also calculated. A summary of the included studies, the 
distribution of TBSRTC categories, and the presence of cytomor-
phological features among NIFTP cases were tabulated and the 
studies were displayed in alphabetical order. The studies with data 
on ROMs were tabulated and organized by NIFTP incidence.

Statistical analysis was performed with Open Meta-Analyst 
program (source: http://www.cebm.brown.edu/openmeta/). The 
pooled data were calculated using a random-effects model and us-
ing the DerSimonian and Laird method. A random-effects model 
was used because of the differences in the study population. The 
presence or absence of heterogeneity was assessed using the I2 (in-
consistency index) and χ2 statistic. Egger’s test was used for calcu-
lation of publication bias. A forest plot was constructed. For the 
pooled effect measure, a p value <0.05 was considered statistically 
significant.

A comparative meta-analysis was performed to obtain the 
pooled prevalence of histologically proven NIFTP in all patients 
who underwent surgery from selected studies. This analysis in-
cluded studies that had included either all resections and/or FNA 
diagnosed samples available in their study population. Studies that 
had included only certain tumour entities were excluded from this 
analysis. The pooled distribution of NIFTP cases in different TB-
SRTC categories was calculated among the studies with available 
data on TBSRTC categories.

Additionally, a risk difference (RD) meta-analysis was per-
formed to evaluate the ROM difference when considering NIFTP 
as a malignant or benign entity in relation to preoperative TBSRTC 
classification. A meta-analysis of RD was performed in each cate-
gory independently. The criteria for inclusion were relevant data 
(change of ROM, available data of the number of cases). To com-
pare the change of ROM between subgroups (Asia vs. other coun-
tries; NIFTP incidence <5% vs. >5%), Mann Whitney U test was 
used and p values <0.05 were considered statistically significant.

A meta-analysis of studies with available cytomorphology data 
was conducted to determine odds ratios (OR) comparing cyto-
morphology features in NIFTP versus FVPTC and versus PTC. 
The Mantel-Haenszel method was used for calculating the weight-
ed summary OR under the fixed-effects model. The heterogeneity 
statistic was incorporated to calculate the summary OR under the 
fixed-effects model and p values <0.05 were considered statisti-
cally significant. This meta-analysis predominantly followed the 
PRISMA 2020 checklist with 27 items. Items 1–13e, 15, 16a, 17, 
19–20c, and 22–27 were followed. Items 13f, 14, 16b, 18, 20d, and 
21 were not followed due to lack of resources. The study was not 
registered at PROSPERO.

Results

Summary of the Studies
A total of 58 articles met the selection criteria and were 

included in the study analysis [20–24, 26, 28–79], all pub-
lished between August 15, 2015, and June 30, 2020. The 
studied material included 296 study years, in which a total 
of 81,875 FNA biopsies and 32,629 nodule resections 
were performed. Among these, 2,553 NIFTP cases were 
recognized (3% of the total number of FNA biopsies and 

8% of the resected nodules). On an average, a single study 
lasted for 5.5 years and consisted of 1,412 FNA biopsies, 
583 resected nodules, and 45 NIFTP nodules.

The details of each study are shown in Table 1. While 
most of the studies were retrospective analyses of cyto-
logical and histological specimens, only 1 study by Strick-
land et al. [69] was prospective. Most of the articles (86%) 
[21, 22, 24, 26, 28–31, 33–35, 37–45, 47, 49–73, 75, 77–79] 
analysed data from a single institution with only 14% [20, 
23, 32, 36, 46, 48, 74, 76] being multi-institutional. The 
articles originated from North America (55%) [26, 28, 30, 
31, 34, 39, 40, 42, 44, 47–49, 51–60, 62, 64, 65, 67–70, 72, 
74, 75], Asia (26%) [21, 22, 32, 33, 36–38, 43, 46, 50, 61, 
63, 66, 73, 77], Europe (14%) [23, 29, 35, 41, 45, 71, 78, 
79], and South America (2%) [24]. Two articles included 
data from both North America and Europe (3%) [20, 76].

The pooled overall prevalence of NIFTP cases was cal-
culated among 25,892 cases from 20 studies, which had 
included either all resections and/or FNA samples avail-
able in their study population. The results show that NIF-
TP cases consisted 4.4% (95% confidence interval [CI]: 
3.5–5.4%, I2 was 97%) of all resections (shown in Fig. 2).

Methodologically, 21% of the studies [22, 33, 34, 36, 
37, 40, 47, 50, 64, 66, 73, 75] examined the previously di-
agnosed FVPTC cases to find the potential NIFTP cases 
and compared these 2 groups. The incidence of NIFTP in 
these studies was 35%. In addition to FVPTC, NIFTP was 
compared with classic variant of PTC, FTC, follicular ad-
enoma, and other benign nodules in various studies. In 
19% of the studies [28, 41, 44, 45, 48, 49, 52–54, 62, 68], 
all resections with available FNA biopsy information 
were included and mean NIFTP prevalence was 5%. 
Twelve per cent of the studies [20, 21, 43, 58, 63, 70, 77] 
included all of the available FNA samples, and the mean 
NIFTP prevalence was 1%. Some studies included only 
certain categories of TBSRTC, that is, Strickland et al. [26] 
chose the resections of intermediate FNA samples. The 
NIFTP prevalence in this category was 30%.

TBSRTC Categories
Fifty-five articles [20–24, 26, 28–48, 50–58, 60–75, 77–

79] with data on TBSRTC categories were analysed, and 
the data are presented in Table 2. Among the 65,115 FNA 
samples and 26,752 resected nodules, there were 2300 
NIFTP nodules (3.5% of the FNA samples and 8.6% of the 
resected nodules) with available TBSRTC categorization.

The majority of the NIFTP FNA specimens belonged 
in the intermediate categories of TBSRTC (atypia of un-
determined significance or follicular lesion of undeter-
mined significance (AUS/FLUS) – 29.8%, follicular neo-
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plasm (FN) – 28.0%, and suspicious for malignancy (SM) 
– 21.2%). Nevertheless, 1.8% of the samples belonged to 
the non-diagnostic (ND) category, 10.2% to the benign 
category, and 8.4% to the malignant category.

The pooled distribution of NIFTP cases in each TB-
SRTC category was 1.3% (95% CI: 0.8–1.7%, I2 was 0%) 
in ND, 8.9% (95% CI: 6.9–10.8%, I2 was 71%) in benign, 
29.2% (95% CI: 25.0–33.4%, I2 was 82%) in AUS/FLUS, 
24.2% (95% CI: 19.6–28.9%, I2 was 89%) in FN, 19.5% 
(95% CI: 16.1–22.9%, I2 was 80%) in SM, and 6.9% (95% 
CI: 5.2–8.7%, I2 was 76%) in malignant. The data of the 
pooled distributions are displayed in Figure 3 and indi-
vidually in online supplement 1, Figs. 1–6 (see www. 
karger.com/doi/10.1159/000519757 for all online suppl. 
material).

Risk of Malignancy
Twenty-two articles [20, 21, 28, 32, 43–45, 49, 52–54, 

57–59, 61–63, 68, 70, 71, 76, 77] with data on ROMs of 
the TBSRTC categories were analysed, and the data are 
presented in Table 3. Among 24,921 surgical resections, 
there were 878 (3.5%) histologically proven NIFTP cases.

If NIFTP would be considered a malignant entity, the 
mean ROMs would have been the following: 28.9% for 
ND, 12.7% for benign, 36.6% for AUS/FLUS, 35.1% for 
FN, 82.8% for SM, and 97.7% for malignant. Considering 
NIFTP as a non-malignant tumour, the average ROMs 
were 26.9% for ND, 9.2% for benign, 29.2% for AUS/
FLUS, 26.1% for FN, 71.7% for SM, and 95.9% for malig-
nant. Risks decreased in all TBSRTC categories, and the 
mean absolute decrease for each category was 1.9%, 3.4%, 
7.5%, 8.9%, 11.1%, and 2.1%, respectively. The decrease 
was most visible for the intermediate categories of TB-
SRTC, which supports the fact that most NIFTP cases are 
classified in the intermediate TBSRTC categories.

Meta-analyses of pooled RDs of ROM were performed 
in each TBSRTC category independently (shown in on-
line suppl. 2, Fig. 7–12), and the results are displayed in 
Figure 4. Risk differences of ROM were reduced by 2.4% 
(I2 was 0%) in ND, 2.7% (I2 was 2%) in benign, 8.2%  
(I2 was 43%) in AUS/FLUS, 8.2% (I2 was 53%) in FN, 7.3% 
(I2 was 89%) in SM, and 1.1% (I2 was 45%) in the malig-
nant categories.

Sub-analyses of ROM were performed including ei-
ther only Asian studies or studies conducted elsewhere in 
the world (online suppl. 2, Fig. 13–24). In Asia, the RDs 
of ROM were reduced by 2.6% (I2 was 0%) in ND, 2.7% 
(I2 was 0%) in benign, 4.7% (I2 was 0%) in AUS/FLUS, 
6.0% (I2 was 45%) in FN, 1.8% (I2 was 29%) in SM, and 
0.3% (I2 was 28%) in malignant category. In other coun-Fi
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Studies

Faquin et al. 2015
Jaconi et al. 2017
Katsakhyan et al. 2020
Ke et al. 2019
Kierman et al. 2017
Kim et al. 2018
Kopczyski et al. 2020
Lastra et al. 2017
Lau et al. 2017
Li et al. 2017
Lindeman et al. 2018
Linhares et al. 2020
Mao et al. 2018
Rana et al. 2019
Range et al. 2020
Saglietti et al. 2017
Strickland et al. 2015
Sung et al. 2019
Zhou et al. 2017
Zhu et al. 2020

Overall (I2 = 97% , p < 0.001) 0.044 (0.035, 0.054)

Estimate (95% CI)

0.095 (0.081, 0.108)
0.070 (0.035, 0.105)
0.044 (0.034, 0.055)
0.003 (0.001, 0.005)
0.016 (0.009, 0.024)
0.013 (0.008, 0.018)
0.005 (0.001, 0.009)
0.053 (0.044, 0.063)
0.116 (0.093, 0.139)
0.019 (0.010, 0.028)
0.074 (0.046, 0.101)
0.048 (0.030, 0.065)
0.038 (0.025, 0.051)
0.068 (0.040, 0.097)
0.025 (0.016, 0.035)
0.042 (0.015, 0.068)
0.130 (0.104, 0.156)
0.075 (0.052, 0.099)
0.029 (0.025, 0.034)
0.004 (0.000, 0.007)

NIFTP/Tot

173/1,827
14/200
67/1,508
12/3,890
17/1,046
25/1,891
5/998

119/2,226
87/750
17/908
26/353
27/565
32/847
20/292
26/1,029
9/216

85/655
36/479

150/5,090
4/1,122

951/25,892

0.02 0.04 0.06 0.08 0.1 0.12 0.14
Proportion

Fig. 2. The pooled prevalence of NIFTP cases among 24,384 cases 
from 19 studies which had included either all resections or FNA 
diagnosed samples available in their study population. The results 
show that NIFTP consisted 4.4% (95% CI from 3.5% to 5.4%) of 

all surgically resected cases. I2 (inconsistency index) was 97%. 
NIFTP, non-invasive follicular thyroid neoplasm with papillary-
like nuclear features; FNA, fine needle aspiration; CI, confidence 
interval.

Malignant

SM

FN

AUS/FLUS

Benign

ND

0 0.1 0.2 0.3
Estimate (95% CI)

43 / 2233

235 / 2233

685 / 2292

645 / 2292

488 / 2300

194 / 2300

0.013 (0.008, 0.017)

0.089 (0.069, 0.108)

0.292 (0.250, 0.334)

0.242 (0.196, 0.289)

0.195 (0.161, 0.229)

0.069 (0.052, 0.087)

Fig. 3. The overall pooled distribution of NIFTP cases in preop-
erative FNA TBSRTC categories. The pooled prevalence of the cat-
egories were the following: ND 1.3% (95% CI from 0.8% to 1.7%, 
I2 was 0%), benign 8.9% (95% CI from 6.9% to 10.8%, I2 was 71%), 
AUS/FLUS 29.2% (95% CI from 25.0% to 33.4%, I2 was 82%), FN 
24.2% (95% CI from 19.6% to 28.9%, I2 was 89%), SM 19.5% (95% 
CI from 16.1% to 22.9%, I2 was 80%), and malignant 6.9% (95% CI 

from 5.2% to 8.7%, I2 was 76%). NIFTP, non-invasive follicular 
thyroid neoplasm with papillary-like nuclear features; TBSRTC, 
The Bethesda System for Reporting Thyroid Cytopathology; FNA, 
fine needle aspiration; CI, confidence interval; AUS/FLUS, atypia 
of undetermined significance or follicular lesion of undetermined 
significance; FN, follicular neoplasm; SM, suspicious for malig-
nancy; ND, non-diagnostic.
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tries, the corresponding numbers were 1.9% (I2 was 0%) 
in ND, 1.9% (I2 was 5%) in benign, 9.7% (I2 was 52%) in 
AUS/FLUS, 9.1% (I2 was 27%) in FN, 14.7% (I2 was 73%) 
in SM, and 1.7% (I2 was 0%) in the malignant category. 
The differences were statistically significant in the AUS/
FLUS (p = 0.023), FN (p = 0.001), and malignant (p = 
0.008) categories.

Additionally, the differences on the change of ROM 
were examined between studies with over 5% NIFTP in-
cidence and below 5% NIFTP incidence (online suppl. 2, 
Fig. 25–36). Statistically significant differences were ob-
served in the AUS/FLUS and FN categories. In the AUS/
FLUS category, the mean decrease of ROM was 13.5% in 
studies with >5% incidence and 5.1% in studies with <5% 
incidence (p = 0.036). In the FN category, the correspond-
ing numbers were 17.2% and 5.6% (p = 0.005). In other 
TBSRTC categories, the differences were not statistically 
significant.

Cytomorphological Features
Eighteen articles [22, 23, 30, 34, 35, 37–39, 41, 46, 51, 

56, 64, 69, 72, 74, 78, 79] with data on the cytomorpho-
logical features of NIFTP were analysed and the data are 
summarized in Table 4. Meta-analyses of the features are Fi
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Fig. 4. The overall pooled RDs of ROM in TBSRTC categories con-
sidering NIFTP a non-malignant tumour. The inclusion criteria in 
these studies were relevant data for analysis (change of ROM, 
available data of the number of NIFTP cases). The ROM was re-
duced by 2.4% (I2 was 0%) in ND, 2.7% (I2 was 2%) in benign, 8.2% 
(I2 was 43%) in AUS/FLUS, 8.2% (I2 was 53%) in FN, 7.3% (I2 was 
89%) in SM, and 1.1% (I2 was 45%) in malignant category. NIFTP, 
non-invasive follicular thyroid neoplasm with papillary-like nu-
clear features; TBSRTC, The Bethesda System for Reporting Thy-
roid Cytopathology; ND, non-diagnostic; AUS/FLUS, atypia of 
undetermined significance or follicular lesion of undetermined 
significance; FN, follicular neoplasm; SM, suspicious for malig-
nancy; ROM; risk of malignancy; RD, risk difference.
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Table 4. Cytomorphological features of NIFTP, FVPTC, and PTC cases in individual studies and the ORs for occurrence

NIFTP FVPTC p value: 
NIFTP vs. FVPTC

PTC p value: 
NIFTP vs. PTC

Meta-analysis

Architectural features
Papillae

Bizzarro et al. [78] 0/37 0/24 1 40/40 <0.00001 NIFTP vs. 
FVPTC

Brandler et al. [30] 3/56 N.D. N.D. 47/67 <0.001 p value 0.029
Diaz Del Acro et al. [35] 1/6 4/8 0.085 13/14 0.001 OR 0.128
Hirokawa et al. [37] 0/37 N.D. N.D. N.D. N.D. 95% CI 0.020–0.807
Hirokawa et al. [38] 0/13 N.D. N.D. N.D. N.D. NIFTP vs. PTC
Howitt et al. [39] 0/11 N.D. N.D. 14/28 0.003 p value <0.001
Jaconi et al. [41] 0/14 0/7 1 20/30 N.D. OR 0.0015
Koshikawa et al. [46] 0/35 0/43 N.D. 79/128 <0.001 95% CI 0.006–0.036
Legesse et al. [51] 0/6 4/9 0.057 9/11 0.001
Mahajan et al. [22]a 0/23 0/18 N.D. N.D. N.D.
Maleki et al. [56] 1/30 N.D. N.D. 5/29 N.D.
Strickland et al. [69]b 1/8 1/3 N.D. 30/42 N.D.
Yan et al. [72] 2/14c N.D. N.D. N.D. N.D.

Microfollicles
Bizzarro et al. [78] 37/37 24/24 1 0/40 <0.00001 NIFTP vs. 

FVPTC
Brandler et al. [30] 41/56 N.D. N.D. 2/67 <0.001 p value 0.002
Chandler et al. [34] 18/48 5/42 0.007 N.D. N.D. OR 4.0
Diaz Del Acro et al. [35] 6/6 6/8 N.D. 8/14 0.055 95% CI 1.649–9.699
Hirokawa et al. [37] 31/37 N.D. N.D. N.D. N.D. NIFTP vs. PTC
Howitt et al. [39] 6/11 N.D. N.D. 1/28 0.0009 p value <0.001
Jaconi et al. [41] 11/14 5/7 1 2/30 N.D. OR 50.819
Koshikawa et al. [46] 35/35 43/43 N.D. 59/128 <0.001 95% CI 24.005–107.582
Legesse et al. [51] 6/6 8/9 N.D. 1/11 N.D.
Mahajan et al. [22] 23/23 18/18 N.D. N.D. N.D.
Maleki et al. [56] 11/30 N.D. N.D. 3/29 N.D.
Maletta et al. [23] 48/55 N.D. N.D. N.D. N.D.
Strickland et al. [68] 5/8 1/3 N.D. 2/42 N.D.
Yan et al. [72] 11/14 N.D. N.D. N.D. N.D.

Nuclear features
Chromatin clearing

Bizzarro et al. [78] 37/37 24/24 1 40/40 1 NIFTP vs. 
FVPTC

Brandler et al. [30] 39/56 N.D. N.D. 65/67 <0.001 p value 0.357
Chandler et al. [34] 5/48 10/42 0.1 N.D. N.D. OR 0.764
Diaz Del Acro et al. [35] 5/6 5/8 N.D. 10/14d N.D. 95% CI 0.430–1.356
Hirokawa et al. [37] 22/37 N.D. N.D. N.D. N.D. NIFTP vs. PTC
Jaconi et al. [41] 4/14 2/7 1 25/30 N.D. p value <0.001
Legesse et al. [51] 4/6 9/9 0.063 11/11 0.041 OR 0.127
Mahajan et al. [22] 7/23 5/18 N.D. N.D. N.D. 95% CI 0.053–0.302
Maletta et al. [23] 30/55 13/24 0.88 N.D. N.D.
Yan et al. [72] 12/14 N.D. N.D. N.D. N.D.
Zhang et al. [74] 35/55 N.D. N.D. N.D. N.D.

Contour irregularities
Bizzarro et al. [78] 28/37 20/24 0.539 40/40 0.00077 NIFTP vs. 

FVPTC
Boursier et al. [79]e 6/11 N.D. N.D. N.D. N.D. p value 0.230
Brandler et al. [30] 6/56 N.D. N.D. 31/67 <0.001 OR 0.609
Chandler et al. [34] 6/48 8/42 0.561 N.D. N.D. 95% CI 0.271–1.369
Hirokawa et al. [37] 35/37 N.D. N.D. N.D. N.D. NIFTP vs. PTC
Hirokawa et al. [38] 13/13 N.D. N.D. N.D. N.D. p value <0.001
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NIFTP FVPTC p value: 
NIFTP vs. FVPTC

PTC p value: 
NIFTP vs. PTC

Meta-analysis

Legesse et al. [51] 4/6 7/9 0.63 9/11 0.48 OR 0.121
Maletta et al. [23] 47/55 N.D. N.D. N.D. N.D. 95% CI 0.052–0.286
Yan et al. [72] 12/14 N.D. N.D. N.D. N.D.
Zhang et al. [74] 33/55 N.D. N.D. N.D. N.D.

Crowding
Boursier et al. [79] 2/11 N.D. N.D. N.D. N.D. NIFTP vs. 

FVPTC
Brandler et al. [30] 46/56 N.D. N.D. 66/67 <0.01 p value 0.212
Chandler et al. [34] 15/48 19/42 0.196 N.D. N.D. OR 0.625
Legesse et al. [51] 4/6 9/9 0.063 11/11 0.041 95% CI 0.304–1.302
Mahajan et al. [22] 20/23 14/18 N.D. N.D. N.D. NIFTP vs. PTC
Yan et al. [72] 13/14 N.D. N.D. N.D. N.D. p value 0.006
Zhang et al. [74] 51/55 N.D. N.D. N.D. N.D. OR 0.056

Elongation
Chandler et al. [34] 12/48 20/42 0.027 N.D. N.D. NIFTP vs. 

FVPTC
Legesse et al. [51] 3/6 7/9 0.26 9/11 0.17 p value 0.022
Mahajan et al. [22] 10/23 9/18 N.D. N.D. N.D. OR 0.451
Yan et al. [72] 8/14 N.D. N.D. N.D. N.D. 95% CI 0.228–0.893
Zhang et al. [74] 52/55 N.D. N.D. N.D. N.D.

Enlargement
Bizzarro et al. [78]f 11/37 16/24 0.0254 36/40 <0.00001 NIFTP vs. 

FVPTC
Boursier et al. [79] 6/11 N.D. N.D. N.D. N.D. p value <0.001
Brandler et al. [30] 47/56 N.D. N.D. 66/67 <0.01 OR 0.337
Chandler et al. [34] 19/48 25/42 0.09 N.D. N.D. 95% CI 0.180–0.628
Legesse et al. [51] 4/6 8/9 0.29 11/11 0.041 NIFTP vs. PTC
Mahajan et al. [22] 20/23 17/18 N.D. N.D. N.D. p value <0.001
Maletta et al. [23] 37/55 N.D. N.D. N.D. N.D. OR 0.052
Yan et al. [72] 14/14 N.D. N.D. N.D. N.D. 95% CI 0.017–0.157
Zhang et al. [74] 50/55 N.D. N.D. N.D. N.D.

Grooves
Bizzarro et al. [78] 16/37 19/24 0.0092 40/40 <0.00001 NIFTP vs. 

FVPTC
Boursier et al. [79] 4/11 N.D. N.D. N.D. N.D. p value <0.001
Brandler et al. [30] 44/56 N.D. N.D. 65/67 <0.001 OR 0.322
Chandler et al. [34] 21/48 30/42 0.011 N.D. N.D. 95% CI 0.173–0.600
Diaz Del Acro et al. [35] 4/6 8/8 N.D. 13/14 0.004 NIFTP vs. PTC
Hirokawa et al. [37] 35/37 N.D. N.D. N.D. N.D. p value <0.001
Koshikawa et al. [46] 35/35 40/43 0.111 128/128 N.D. OR 0.058
Legesse et al. [51] 4/6 8/9 0.29 11/11 0.041 95% CI 0.023–0.142
Maleki et al. [56] 13/30 N.D. N.D. 26/29 N.D.
Yan et al. [72] 10/14 N.D. N.D. N.D. N.D.
Zhang et al. [74] 45/55 N.D. N.D. N.D. N.D.

Pseudoinclusions
Bizzarro et al. [78] 6/37 8/24 0.1204 38/40 <0.00001 NIFTP vs. 

FVPTC
Boursier et al. [79] 1/11 N.D. N.D. N.D. N.D. p value <0.001
Brandler et al. [30] 5/56 N.D. N.D. 58/67 <0.001 OR 0.319
Chandler et al. [34] 2/48 11/42 0.005 N.D. N.D. 95% CI 0.179–0.569
Diaz Del Acro et al. [35] 5/6 8/8 N.D. 13/14d N.D. NIFTP vs. PTC
Hirokawa et al. [37] 25/37 N.D. N.D. N.D. N.D. p value <0.001
Howitt et al. [39] 0/11 N.D. N.D. 22/28 <0.001 OR 0.038
Jaconi et al. [41] 0/14 1/7 0.3333 22/30 N.D. 95% CI 0.023–0.064

Table 4 (continued)
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shown in online supplement 3 (online suppl. 3, Fig. 37–
57). Among the 1,899 surgically resected cases with avail-
able cytological material, there were 479 NIFTP cases, 215 
FVPTC cases, and 436 papillary thyroid carcinoma (PTC) 
cases. Other thyroid tumour entities were excluded from 
the analysis.

Considering architectural features, the mean presence 
of microfollicles was higher in NIFTP category (78.1%) 
than in the FVPTC (72.6%) or PTC (15.6%) category. The 
OR of occurrence of microfollicles was statistically sig-
nificantly higher in the NIFTP category than in FVPTC 
(OR 4.0, 95% CI:1.649–9.699, p = 0.002) or in PTC cate-

gory (OR 50.819, 95% CI: 24.005–107.582, p < 0.001). Pa-
pillae were significantly less frequent in NIFTP (4.0%) 
than in FVPTC (18.2%, OR 0.128, 95% CI: 0.020–0.807, 
p = 0.029) or in PTC cases (68.0%, OR 0.015, 95% CI: 
0.006–0.036, p < 0.001).

Giant cells were most common in PTC and observed 
in 7.8% of NIFTP, 34.4% of FVPTC, and 59.2% of PTC 
cases. The differences were statistically significant: the 
OR of occurrence was 0.076 between NIFTP and FVPTC 
(95% CI: 0.021–0.275, p < 0.001) and 0.016 between NIF-
TP and PTC (95% CI: 0.003–0.081, p < 0.001). In num-
bers, 4.2% of NIFTP, 2.9% of FVPTC, and 19.4% of PTC 

NIFTP FVPTC p value: 
NIFTP vs. FVPTC

PTC p value: 
NIFTP vs. PTC

Meta-analysis

Koshikawa et al. [46] 22/35 28/43 0.836 119/128 <0.0.001
Legesse et al. [51] 1/6 9/9 0.001 11/11 <0.001
Mahajan et al. [22] 0/23 3/18 N.D. N.D. N.D.
Maleki et al. [56] 5/30 N.D. N.D. 20/29 N.D.
Strickland et al. [69] 1/8 1/3 N.D. 35/42 N.D.
Yan et al. [72] 2/14 N.D. N.D. N.D. N.D.
Zhang et al. [74] 5/55g N.D. N.D. N.D. N.D.

Background features
Calcifications/Psammoma bodies

Brandler et al. [30] 2/56 N.D. N.D. 15/67 <0.01 NIFTP vs. 
FVPTC

Diaz Del Acro et al. [35] 0/6 0/8 N.D. 0/14 N.D. p value 0.696
Jaconi et al. [41] 3/14 1/7 1 18/30 N.D. OR 1.636
Koshikawa et al. [46] 0/35 0/43 N.D. 10/128 0.088 95% CI 0.138–19.387
Legesse et al. [51] 0/6 0/9 N.D. 1/11 0.45 NIFTP vs. PTC
Strickland et al. [69] 0/8 0/3 N.D. 7/42 N.D. p value <0.001

OR 0.113
95% CI 0.039–0.330

Giant cells
Brandler et al. [30] 4/56 N.D. N.D. 28/67 <0.001 NIFTP vs. 

FVPTC
Diaz Del Acro et al. [35] 0/6 2/8 N.D. 7/14 0.032 p value <0.001
Hirokawa et al. [37] 1/37 N.D. N.D. N.D. N.D. OR 0.076
Jaconi et al. [41] 2/14 4/7 0.1196 25/30 N.D. 95% CI 0.021–0.275
Koshikawa et al. [46] 0/35 1/43 0.364 62/128 <0.001 NIFTP vs. PTC
Legesse et al. [51] 1/6 0/9 0.2 8/11 0.027 p value <0.001
Selvaggi et al. [64] 0/20 15/17 N.D. N.D. N.D. OR 0.016
Yan et al. [72] 3/14 N.D. N.D. N.D. N.D. 95% CI 0.003–0.081

NIFTP, non-invasive follicular thyroid neoplasm with papillary-like nuclear features; FVPTC, follicular variant of papillary thyroid carci-
noma; PTC, classic variant of papillary thyroid carcinoma; CI, confidence interval; OR, odds ratio. a The study calculated the p values by com-
paring NIFTP to FVPTC and PTC-FP. Data of PTC-FP and the p values were excluded from this table, since the classic variant of PTC was only 
included in this meta-analysis. b The study calculated the p values by comparing NIFTP to PTC, FVPTC, and FA. Data of p values were not 
included in this table. c The study detected 2 NIFTP cases with pseudopapillary groups, which were described as “3-dimensional crowded 
sheets of follicular cells with associated vasculature that focally dissociate and mimic papillary architecture.” d One of the PTC cases lacked 
information. e Data of FVPTC and PTC could not be collected since both entities were reported as “the non-NIFP group.” f The nuclear size 
was reported as <20 μm or >20 μm. The cases with nuclei larger than 20 μm were categorized as cases with nuclear enlargement. g The 
article stated that 5/55 (9%) cases had definite pseudoinclusions and 23/55 (41%) had “ill-defined pseudoinclusions.”

Table 4 (continued)
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cases had psammoma bodies, which resulted in NIFTP 
having significantly less psammoma bodies than PTC 
(OR 0.113, 95% CI: 0.039–0.330, p < 0.001). No signifi-
cant difference was found between the NIFTP and FVPTC 
categories (OR 1.636, 95% CI: 0.138–19.387, p = 0.696).

All nuclear features were less prominent in the NIFTP 
and FVPTC categories than in the PTC category. Nuclear 
pseudoinclusions were observed in 21.5% of NIFTP cases, 
in 48.6% of FVPTC cases (NIFTP vs. FVPTC: OR 0.319, 
95% CI: 0.179–0.569, p < 0.001), and in 85.8% of PTC 
cases (NIFTP vs. PTC: OR 0.038, 95% CI: 0.023–0.064,  
p < 0.001). The incidence of nuclear grooves was 66.0% in 
NIFTP, 96.7% in PTC, and 86.5% in FVPTC. Therefore, 
grooves were significantly less frequent in NIFTP than in 
PTC (OR 0.058, 95% CI: 0.023–0.142, p < 0.001) or 
FVPTC cases (OR 0.322, 95% CI: 0.173–0.600, p < 0.001). 
Additionally, NIFTP had significantly less nuclear en-
largement than the FVPTC (OR 0.337, 95% CI: 0.180–
0.628, p < 0.001) or PTC (OR 0.052, 95% CI: 0.017–0.157, 
p < 0.001) case, since the prevalence of the feature was 
68.9% in NIFTP, 77.4% in FVPTC, and 96.2% in PTC 
cases.

Chromatin clearing was present in 59.2% of NIFTP, in 
56.8% of FVPTC, and in 90.3% of PTC cases. The OR of 
occurrence of chromatin clearing was significantly lower 
in NIFTP than in PTC (OR 0.127, 95% CI: 0.053–0.302,  
p < 0.001), whereas no significance was found comparing 
NIFTP with FVPTC (OR 0.764, 95% CI: 0.430–1.356, p = 
0.357). In addition, nuclear crowding was significantly 
less apparent in NIFTP than in PTC (OR 0.056, 95% CI: 
0.007–0.430, p = 0.006), since it was present in 67.6% of 
NIFTP and in 99.3% of PTC cases. The feature was ob-
served in 74.3% of FVPTC cases, resulting in a statisti-
cally non-significant difference between NIFTP and 
FVPTC cases (OR 0.625, 95% CI: 0.304–1.302, p = 0.212).

Furthermore, 64.6% of NIFTP, 60.1% of FVPTC (NIF-
TP vs. FVPTC: OR 0.609, 95% CI: 0.271–1.369, p = 0.230), 
and 76.1% of PTC cases (OR 0.121, 95% CI: 0.052–0.286, 
p < 0.001) had nuclear contour irregularities. Nuclear 
elongation was visible in 54.1% of NIFTP, 58.5% of 
FVPTC, and 82.0% of PTC cases, and the difference was 
statistically significant when comparing NIFTP to FVPTC 
(OR 0.451, 95% CI: 0.228–0.893, p = 0.022).

To summarize, NIFTP revealed similar scores to 
FVPTC in many categories. Nevertheless, the meta-anal-
ysis indicated that statistically significant differences exist 
between NIFTP and FVPTC cases. NIFTP was more like-
ly to have microfollicles, but papillae, giant cells, nuclear 
elongation, enlargement, grooves, and pseudoinclusions 
were more frequent in FVPTC. The presence of chroma-

tin clearing, contour irregularities, crowding, and psam-
moma bodies did not significantly differ between NIFTP 
and FVPTC. Comparing NIFTP to PTC, the cytomor-
phological differences were more apparent. NIFTP had 
less papillae, chromatin clearing, contour irregularities, 
enlargement, grooves, pseudoinclusions, psammoma 
bodies, and giant cells than the PTC cases. Microfollicles 
were more frequent in NIFTP than in PTC.

Discussion

The present meta-analysis confirms that while being 
present in every category, most of the NIFTP cases belong 
to the AUS/FLUS, FN, and SM categories of TBSRTC. 
Since NIFTP is now classified as a non-invasive tumour 
with an extremely low malignant potential [1], the ROM 
decreased in all categories, with the change being the 
most prominent in the above-listed intermediate catego-
ries. The cytomorphology of NIFTP was similar to 
FVPTC, although statistically significant differences were 
found. The nuclear features of PTC were apparent in the 
NIFTP cases, but to a lesser extent than in PTC.

The large number of the analysed studies in this meta-
analysis gathered comprehensive data from all around 
the world and enables the comparison of NIFTP between 
different continents. Previous studies indicated that the 
prevalence of NIFTP is higher in the Western countries 
than in Asia. Our data also support that, since the inci-
dence of NIFTP was 4.4% in the Western countries [20, 
23, 26, 28–31, 34, 35, 39–42, 44, 45, 47–49, 51–60, 62, 64, 
65, 67–72, 74–76, 78, 79] and 1.3% in Asia [21, 22, 32, 33, 
36–38, 43, 46, 50, 61, 63, 66, 73, 77]. In studies that in-
cluded only NIFTP and FVPTC cases, NIFTP incidence 
was 39.2% in the Western countries [34, 40, 47, 64] and 
32.2% in Asia [22, 33, 36, 37, 50, 66, 73, 75]. In studies 
with all available FNA samples, the corresponding num-
bers were 1.9% [20, 58, 70] and 0.3% [21, 43, 63].

A study by Bychkov et al. [80] explained the incidence 
differences by the variation in mutation profile caused by 
different geographic and ethnic backgrounds in Asian pa-
tients. In addition, the differences in the interpretation of 
the microscopic nuclear features exist between the West-
ern and Asian countries. They also discussed the different 
management approaches to intermediate thyroid nod-
ules in Asian countries. The Asian practice tends to adopt 
a more conservative approach to the treatment of NIFTP-
like nodules [16, 80]. One meta-analysis considering the 
differences in surgical resection rate between Asian and 
Western countries discovered that the resection rate of 
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cytologically intermediate thyroid nodules in Asia was 
significantly lower than in the Western countries [81]. 
The Japan Thyroid Association (JTA) guidelines recom-
mend to adapt conservative clinical management for low-
risk thyroid tumours and not to decide the surgical treat-
ment based on cytological analysis alone [16, 82]. Even 
though TBSRTC is widely used in Asia, the JTA guide-
lines undoubtedly have a significant impact on the man-
agement [83]. The lower NIFTP prevalence could be part-
ly explained by the fact that in Asian countries, some por-
tion of NIFTP cases are not treated surgically and thus 
remain undiagnosed.

A recent comprehensive meta-analysis proved the sig-
nificantly lower NIFTP rates in Asian studies in compar-
ison to North American and European countries influ-
enced by multiple factors. However, even worldwide in-
cidence was shown much lower (6%) than initially 
estimated and their results are thus in agreement with our 
observations [84].

The overall distribution of TBSRTC categories fol-
lowed the same trend as observed in previous meta-anal-
yses [27, 80, 85, 86], since most of the samples belonged 
in the intermediate categories (AUS/FLUS 29.8%, FN 
28.0%, and SM 21.2%). However, single studies had con-
tradicting results. In a study by Hirokawa et al. [37], 
65.9% of the NIFTP cases belonged in the malignant cat-
egory, with only 24.4% being in the intermediate catego-
ries. NIFTP was even more likely to be diagnosed as a 
malignancy on cytology than the invasive form of encap-
sulated FVPTC.

The 2017 version of TBSRTC included an amendment 
to the FN category, allowing cases that mildly represent 
the papillary-like nuclear features to be classified as FN 
[19]. Before the revision, cases with the nuclear features 
of PTC were excluded from the category and were most 
likely to be classified as AUS/FLUS or SM. This adjust-
ment has presumably increased the portion of NIFTP cas-
es classified as FN on cytology. Furthermore, the differ-
ences among the case inclusion criteria of the studies 
could have resulted in bias in the distribution of TBSRTC 
categories since some studies only included certain TB-
SRTC categories or tumour types. Still, we included all 
studies with available data on TBSRTC categories to pro-
vide universal data on the issue.

The average ROMs did not follow the implied ROMs 
of the 2017 version of TBSRTC (5–10% for ND, 0–3% for 
benign, 6–18% for AUS/FLUS, 10–40% for FN, 45–60% 
for SM, and 94–96% for malignant). In our meta-analysis, 
when NIFTP was not considered a malignant entity, the 
ROMs were significantly higher than estimated in the TB-

SRTC. Only FN and malignant categories fitted in the 
range. ND, benign, AUS/FLUS, and SM samples had 
higher ROMs.

This can be partly explained by the fact that the Asian 
studies tended to have higher ROMs in most categories 
when NIFTP was not considered malignant. In Asian 
studies, the average ROMs for each category was 49.5% 
for ND, 17.9% for benign, 43.1% for AUS/FLUS, 28.2% 
for FN, 85.7% for SM, and 99.3% for the malignant cate-
gory. The corresponding numbers in studies implement-
ed in the Western countries were 16.6% for ND, 5.8% for 
benign, 23.2% for AUS/FLUS, 25.2% for FN, 67.1% for 
SM, and 94.8% for the malignant category. Of note, the 
differences between Asian and Western countries were 
statistically significant in 3 categories, namely AUS/
FLUS, FN, and malignant. As discussed before, the high-
er ROMs in Asia could result from a lower resection rate 
of intermediate nodules, which are usually managed by 
surgery only if the tumour expresses clinically worrisome 
features [81, 83]. The presence of suspicious features is 
likely to indicate that the tumour is indeed malignant, 
which leads to higher percentage of malignant nodules 
among the resections. In addition, the incidence of NIF-
TP (5% cut-off) impacts also significantly ROMs in AUS/
FLUS and FN categories.

The differences also appeared in other categories be-
sides the intermediate ones. As an example, 1 study [77] 
calculated an actual ROM of 38.9% in the benign catego-
ry, which is high. This was explained by the low number 
of resections done in the category: only 36 of 476 nodules 
underwent resection, and 14 of those were proven malig-
nant during histological examination. This resulted in an 
overall ROM of 3.0%. This explains the high rates in the 
ND and benign categories, since a lower number of nod-
ules with ND or benign cytology are treated by a resec-
tion. The patients who underwent resection were mainly 
treated because of other suspicious clinical features, 
mainly worrisome ultrasound features.

The inclusion criteria of the cases in the analysed stud-
ies varied greatly, and studies with exactly the same inclu-
sion criteria were rarely found. This leads to inaccuracy 
in estimating the prevalence of NIFTP among other thy-
roid nodules, and the incidence rates are not directly 
comparable. As most of the studies were implemented 
retrospectively, the fact that wider inclusion criteria may 
have led to a larger amount of NIFTP diagnoses must be 
considered. NIFTP is typically considered non-invasive 
EFVPTC, but some authors have claimed that a substan-
tial number of NIFTP cases were previously diagnosed as 
benign thyroid nodules, such as adenomatous nodules or 
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goitre [61]. Prior to the introduction of NIFTP, some al-
ternative terminologies, such as “atypical adenoma,” 
“borderline follicular tumour,” and “well differentiated 
thyroid tumour of uncertain malignant potential,” were 
also used in the USA although encapsulated FVPTC was 
the most commonly used term [87].

The subgroups of FVPTC were left out of the analysis 
and grouped as FVPTC as the subgroups were defined 
differently in various studies. This may have also distort-
ed the results because the prevalence of NIFTP is suppos-
edly higher in non-invasive EFVPTC than in all other 
types of FVPTC.

It has been noted that diagnosing PTC-like nuclear 
features is subjective and a common challenge for pathol-
ogists. Observer variation is possible when borderline tu-
mours like NIFTP are the issue [16]. Even though statisti-
cally significant differences between NIFTP and FVPTC 
were found in this meta-analysis, differencing the entities 
is not so straightforward in real life. The results of a pre-
vious review indicate that differentiation of NIFTP and 
FVPTC in cytology is challenging, and preoperative diag-
noses remain imprecise since the cytological features of 
the entities overlap greatly [25]. In the present meta-anal-
ysis, 10 studies compared the cytomorphology of NIFTP 
and FVPTC [22, 23, 34, 35, 41, 46, 51, 64, 69, 78]. Most of 
these studies (80%) found separating the 2 entities diffi-
cult [22, 23, 35, 41, 46, 51, 69, 78]. A few of the studies 
found some statistically significant differences between 
the 2 entities, but stated that the separation is still chal-
lenging since the differences are not remarkable [22, 34, 
51, 64, 78]. However, only 2 studies found the cytological 
separation possible [34, 64]. Selvaggi et al. [64] stated that 
the presence of giant cells may help in differentiating the 
2 entities, since they are usually observed in FVPTC. 
Chandler et al. [34] observed that the nuclear features of 
PTC were more apparent in invasive forms of FVPTC 
than in NIFTP, and that microfollicles and the number of 
pseudoinclusions could aid in the differencing the 2 enti-
ties.

On the contrary, it is possible to distinguish NIFTP/
FVPTC from PTC cytologically [14, 30, 35, 39, 41, 46, 51, 
56, 69, 78]. Brandler et al. [30] observed a statistically sig-
nificant difference in many cytomorphological features: 
papillae and nuclear features, such as pseudoinclusions, 
nuclear irregularities, and chromatin clearing were more 
common in PTC while microfollicles being more com-
mon in NIFTP. They also discussed that the presence of 
microfollicles and nuclear features of PTC should alarm 
the diagnosis of NIFTP. Similar findings have been ob-
served in other studies and in the present meta-analysis, 

and it seems like there is evidence that papillae, microfol-
licles, pseudoinclusions, giant cells, and psammoma bod-
ies may guide in distinguishing NIFTP from PTC [35, 39, 
46, 51, 56, 68, 78]. In addition, our results indicate that 
the numbers of other nuclear features such as nuclear en-
largement, chromatin clearing, contour irregularities, 
grooves, and crowding are significantly higher in PTC 
than in NIFTP. Although pseudoinclusions were present 
in 21.5% of the NIFTP cases included in the present meta-
analysis, they were much more common in PTC since 
85.8% of PTC cases had pseudoinclusions.

Although the NIFTP criteria exclude the presence of 
papillae and psammoma bodies, papillae were observed 
in 4.0% and psammoma bodies in 4.2% of the NIFTP cas-
es. The presence of these features in NIFTP cases could 
be explained by cases falsely diagnosed as NIFTP and dif-
ferences in interpreting the cytomorphological features. 
Most studies studying the presence of papillae among 
NIFTP cases detected zero papillae [22, 37–39, 41, 46, 51, 
78], but some authors claimed to have found a few NIFTP 
cases with papillae [30, 35, 56, 69, 72]. However, the aver-
age percentage of NIFTP cases with papillae was low 
among these studies (7.0%). One of these studies [31] was 
published before the change in the diagnostic criteria of 
NIFTP in 2018 [17], and therefore followed the initial 
2016 criteria of NIFTP [11]. This could explain the pres-
ence of discovered papillae among NIFTP cases, since the 
initial criteria allowed <1% of the tumour architecture to 
be formed by papillae. Later, any presence of true papillae 
was prohibited, since it indicated the tumour to be PTC 
and capable of producing metastases. An article by Livol-
si et al. [13] discussed that a vigorous FNA technique may 
result in degenerative changes which may replicate papil-
lae. These, however, are not true papillae and should not 
be reported as papillae.

The presence of psammoma bodies was examined in 6 
studies, of which 67% [35, 46, 51, 69] found no psam-
moma bodies among the NIFTP cases. Nevertheless, 2 
studies [30, 41] observed psammoma bodies. As psam-
moma bodies originate from “mummified,” that is, dead 
papillae [88], the feature should not be observed in NIF-
TP.

Before the introduction of NIFTP, the treatment of 
non-invasive encapsulated FVPTC ranged from only lo-
bectomy to complete thyroidectomy and radioactive io-
dine treatment [15]. With the presence of nuclear features 
of PTC, NIFTP cases were usually driven to be treated as 
a malignancy as a “safe practice option” [16]. Although 
not considered malignant, NIFTP still requires surgical 
nodule extraction and histological examination [11, 12, 
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14, 19, 69]. Without examining the whole tumour cap-
sule, it is impossible to rule out invasion and to distin-
guish NIFTP from invasive FVPTC [37, 78].

The preferred treatment method for NIFTP is diagnos-
tic lobectomy, which allows to avoid the consequences of 
total thyroidectomy and radioactive iodine therapy [1]. 
The 2015 American Thyroid Association management 
guidelines for adult patients with thyroid nodules and dif-
ferentiated thyroid cancer stated that for FN nodules, the 
preferred treatment option is diagnostic lobectomy. They 
also discussed that clinical features, molecular tests, and 
sonographic findings should be taken into account on the 
decision on management strategy of intermediate nodules 
[5, 89]. Since the preoperative cytological diagnostics of 
NIFTP still remain a challenge, a total thyroidectomy is an 
acceptable alternative for some patients [14]. Despite the 
popularity of lobectomy as a management strategy, the 
JTA guidelines still prefer active surveillance over surgical 
treatment of the nodule [16, 83].

Some authors have proposed that pathology depart-
ments should implement retrospective database reviews 
of nodules originally diagnosed as non-invasive encapsu-
lated FVPTC for patients still on surveillance. If the nod-
ules are suitable for a NIFTP diagnosis, clinicians and pa-
tients should be informed about the reclassification [15]. 
However, it has been noted that since the diagnosis re-
quires thorough histological examination of the whole tu-
mour capsule and parenchyma, definite retrospective di-
agnoses are rarely possible and therefore should not be 
made [14].

In the light of our meta-analysis, NIFTP remains a his-
tological diagnosis which cannot be made by cytology 
only. Nevertheless, NIFTP has an impact on interpreting 
cytology. NIFTP cases are most common in the interme-
diate TBSRTC categories, which results in a significant 
decrease in ROM in the intermediate categories. Al-
though cytomorphological features cannot be used in dif-
ferentiating NIFTP from FVPTC, they may guide in sep-
arating NIFTP from PTC. Features such as pseudoinclu-

sions, papillae, microfollicles, giant cells, and psammoma 
bodies should be taken into the account when suspicious 
of NIFTP. NIFTP should not have papillae. Psammoma 
bodies and giant cells were rarely observed in NIFTP.
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