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Abstract

Purpose The indeterminate cytologic report represents a major challenge in the field of thyroid nodule. The indeterminate
class III of the Bethesda classification system (i.e., AUS/FLUS) includes a heterogeneous group of subcategories character-
ized by doubtful nuclear and/or architectural atypia. The study aim was to conduct a systematic review and meta-analysis
to evaluate the rate of malignancy in each subcategory of Bethesda III.

Methods PubMed, CENTRAL, and Scopus databases were searched until April 2020. Original articles reporting data on
the subcategories of Bethesda III were included. The histological diagnosis was the reference standard to classify true/false
negative and true/false positive cases.

Results The pooled cancer prevalence in each subcategory of Bethesda III was estimated using a random-effects model.
Twenty-three papers with 4241 nodules were included. Overall, 1163 (27.4%) were malignant. The cancer rate observed in
the subcategories ranged from 15%, in “Hiirthle cell aspirates with low risk pattern”, to 44%, in “Focal cytologic atypia”.
Conclusions The overall cancer rate found in the Bethesda III ranged more largely than that originally estimated (10-30%)
and varied among any scenarios. These evidence-based data represent a reference for the clinical management of these
patients.
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Introduction

Detection of thyroid nodules is increasing worldwide and
their management is nowadays updated to a more conserva-
tive approach to reduce overdiagnosis and overtreatment
[1]. The initial assessment includes the evaluation of clini-
cal risk factors and sonographic examination (US) of the
neck, followed by fine needle aspiration biopsy (FNA) when
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indicated by nodule features and size [2]. During the last
years, several US risk stratification systems (i.e., Thyroid
Imaging And Data Systems, TIRADSs) have been proposed
by international societies and their high performance was
proven by studies using histology as reference standard
[3, 4]. Both US and FNA reports are based on classifica-
tion systems that allow standardizing of terminology and
a risk stratification of the patient. Cytological examination
of FNA is a mainstay to divide surgical patients from those
that can be safely submitted for clinical follow up; anyway,
about 20% of the cytological reports resulted indeterminate
and are unable to exclude the presence of cancer [5, 6].
The Bethesda classification system [7], a largely endorsed
reporting system for thyroid cytology, divides the results of
cytological examination into six classes: non-diagnostic or
unsatisfactory (I), benign (II), atypia of undetermined sig-
nificance or follicular lesions of undetermined significance
(AUS/FLUS) (III), suspicion of follicular neoplasia (IV),
suspicion of malignancy (V) and malignancy (VI). Indeter-
minate classes (III and IV) share a similar malignancy rate
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and represent a critical point for clinical management. In
particular, the class III is a heterogeneous group of patho-
logical conditions including doubtful nuclear and/or archi-
tectural atypia. In class III, the risk of malignancy is charac-
terized by a wide range (10-30%) and the suggested clinical
action varies from repeat FNA to surgical lobectomy. In this
context, the management of the patients largely depends on
the personal skills of the endocrinologist and requires addi-
tional information sometimes based on molecular analysis.
Class III has been further subclassified into subcategories
assembled by similar morphological features, namely: focal
cytological atypia; Extensive but mild cytological atypia;
Atypical cyst-lining cells; A scantly cellular specimen with
architectural atypia; Cytological and architectural atypia
(NIFTP may be present); Hiirthle cell aspirates with low
risk pattern; Atypia, not otherwise specified (NOS), not pap-
illary type; Psammomatous calcifications in the absence of
cellular atypia; Atypical lymphoid cells, rule out lymphoma
[8]. Subclassification is encouraged in the pathological
report and it may be the key to better classify patients with
indeterminate nodules, nevertheless this subcategory-based
management requires the knowledge of their specific risk
of malignancy.

The present study was conceived to evaluate the rate of
malignancy of the above subcategories within the indeter-
minate class of Bethesda III.

Methods
Search strategy

A specific search strategy was planned. Firstly, sentinel
studies were searched in PubMed. Secondly, keywords and
MeSH terms were identified in PubMed. Thirdly, to test the
strategy, the terms “thyroid” OR “thyroid nodule” AND
“Bethesda” AND “risk of malignancy” AND atypia of unde-
termined significance OR “AUS” were searched in PubMed
and Scopus. Then, studies meeting all the following criteria
were included: (1) the definition of the Bethesda AUS/FLUS
category is clearly stated; (2) the rate of malignancy in at
least one of the AUS/FLUS subcategories is reported; (3)
the publication is English full-length. Studies were excluded
if (1) they lack of the definitive histological evaluation of
surgical specimen to detect the real risk of malignancy; (2)
it’s not possible to clearly distinguish at least one of the
AUS/FLUS subcategories. (3) systematic reviews, narrative
reviews and guidelines; (4) studies performed in pediatric
patients. References of included studies were screened for
additional papers. The last search was performed from Janu-
ary 1st 2010 to April 30th 2020. However, two older papers
(published in 1998 and 2009, respectively) have been also
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included, because they represent referral articles for the
following subcategories: psammomatous calcifications in
the absence of cellular atypia [9] and atypical cyst-lining
cells [10]. Two investigators (AC, AP) independently and
in duplicate searched papers, screened titles and abstracts
of the retrieved articles, reviewed the full-texts and selected
articles for their inclusion.

Data extraction

The following information was extracted independently and
in duplicate by two investigators (AC, AP) in a piloted form:
(1) general information on the study (author, year of publi-
cation, country, study type, number of patients, number of
nodules, selection criteria of included nodules); (2) the total
number of fine-needle aspirations (FNAs); (3) total number
of analyzed AUS/FLUS subcategories; (4) number of malig-
nant nodules; (5) the rate of diagnosis and malignancy in
each subgroup of AUS/FLUS. Data were cross-checked and
any discrepancy was discussed.

Study quality assessment

The risk of bias of included studies was assessed inde-
pendently by two reviewers (AC, AP). Each domain was
assigned low (L), high (H) or unclear (U) according to QUA-
DAS-2 [11].

Data analysis

The characteristics of included studies were summarized.
Then, several separate meta-analyses were performed to
obtain the pooled prevalence of malignancy in the different
subcategories of Bethesda class III. Heterogeneity between
studies was assessed using %, with 50% or higher values
regarded as high heterogeneity. The Egger’s test was carried
out to evaluate the possible presence of significant publi-
cation bias. A meta-analysis could be performed only for
those cytologic categories in which there were more than
three papers, because a smaller number of studies do not
allow to calculate the Egger’s test. For statistical pooling of
data, a random-effects model was used. All analyses were
performed using StatsDirect statistical software (Stats-
Direct Ltd; Altrincham, UK). A p <0.05 was regarded as
significant.

Results

A total of 591 papers were found. After removal of 129
duplicates, 462 articles were analyzed for title and abstract;
433 records were excluded (guidelines, review, meta-anal-
ysis, lack of information regarding specific AUS/FLUS
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462 articles retrieved according
to the terms of search

433 excluded (no histological
follow-up, unclear Bethesda

» subcategory, narrative review,
systematic review, meta-analysis,

other language)
v

29 articles initially
selected

> 4 excluded (incomplete data)

v
25 articles included in the
systematic review

, 2 excluded (unsufficient data to
perform a meta-analysis)

v
23 articles included for six
meta-analyses

Fig.1 Flow diagram of the systematic review.

subgroups, pediatric patients, not within the field of the
review). The remaining 29 papers were retrieved in full-text
and 23 studies were finally included in the systematic review
(Fig. 1). No additional study was retrieved from references
of included studies.

Study quality assessment
The risk of bias of the included studies is shown in Table 1.
Qualitative analysis (systematic review)

The characteristics of the included articles and their data
useful fort the present meta-analysis are summarized in
Table 2. All the included studies were retrospective and
published in English language. Data on the final histologic
follow-up were clearly identified in all these manuscripts
and the true percentage of malignancy could be calculated.
Table 1 details the characteristics and findings of the 23
included studies. Out of the nine subcategories: focal cyto-
logic atypia was evaluated in 7 papers [12—18]; extensive
but mild cytologic atypia was evaluated in 7 papers [13, 15,
19-23]; a scantly cellular specimen with architectural atypia
was evaluated in 19 articles [12-30]; cytologic and architec-
tural atypia (NIFTP may be present) was evaluated in 6 arti-
cles [18, 19, 26-28, 31]; Hiirthle cell aspirates with low risk
pattern was evaluated in 13 papers [12-16, 21, 24, 26-28,
32-34] atypia, not otherwise specified, not papillary type
was evaluated in 9 papers [12-14, 16, 19, 21, 26-28]. Two
subcategories (psammomatous calcifications in the absence

of cellular atypia and atypical cyst-lining cells) were evalu-
ated in only one article each. No articles were found about
the malignancy rate for the subcategory “Atypical lymphoid
cells, rule out lymphoma”.

Total cases of indeterminate nodules with postoperative
histologic follow-up, submitted for the meta-analysis, were
4241 and 1163 (27.4%) of these were malignant. Table 3
describes the results of the meta-analysis.

The meta-analyses were performed only for the cytologic
subcategories in which there were at least three papers.

Quantitative analysis (meta-analysis)

There were two subcategories (i.e., “atypical cyst-lining
cells” and “psammomatous calcifications in the absence
of cellular atypia”) for which we found only one article;
the cancer prevalence in these two subcategories was not
meta-analyzed. In the same way we did no meta-analyze
the subcategory atypical lymphoid cells, for which we did
not find publications fulfilling the previous reported inclu-
sion criteria. The data retrieved in 23 articles were used to
perform several separate meta-analyses (Fig. 2); six differ-
ent meta-analyses were performed to evaluate the pooled
cancer prevalence in the other six subcategories. As shown
in Table 3, the overall cancer rate found in the six categories
ranged from 15 to 44%. The highest cancer prevalence was
found in the subcategory of “focal cytologic atypia” (Fig. 3).
Heterogeneity was moderate to high. Publication bias was
always absent (non-calculable in one case).

Discussion

In this study, we observed an overall range of malignancy
within the indeterminate category III (15-44%) which was
larger than that originally estimated in the Bethesda docu-
ment (10-30%) [7]. The wide range reflects the complex-
ity of this indeterminate category, since it is mainly due
to the variability of the pathological conditions included
in this class as well as in indeterminate categories from
other classification systems [35]. Since the first publica-
tion of the classification systems for reporting thyroid
cytology, it was evident that these systems constituted
a valid tool for standardization of medical communica-
tion and patients’ management. At the same time, their
major drawback falls in the indeterminate lesions that
are non-benign but not clearly malignant, where US and
clinical examination also are few informative. The recent
edition of the Bethesda system for reporting thyroid cytol-
ogy (TBSRTC) describes different scenarios within the
AUS-FLUS corresponding to the various morphological
pattern included in this indeterminate category [8]. We
focused the meta-analysis on each of these subcategories
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Table 1 Quality assessment

: . First author Year Risk of bias Feasibility
of the studies according to
QUADAS-2 Patient ~ Study test Reference Timing Patient Study test Refer-
selec- standard selec- ence
tion tion standard
Ellison 1998 U U L L U U L
Jaragh 2009 L U L L L L L
Renshaw 2010 L U L L L L L
VanderLaan 2011 L L L L L L L
Horne 2012 L L L L L L L
Ho 2014 L U L L L L L
Chen 2014 L U L L L L L
Mathur 2014 L U L L L L L
Onder 2014 L U L L L L L
Wu 2014 L L L L L L L
Heyon 2014 L L L U L L L
Cuhaci 2014 L U L L L L L
Jung 2015 L U L L L L L
Sherstha 2016 L L L L L L L
Rosario 2017 L U L U L L L
Lim 2018 L L L L L L L
Kim 2019 L U L L L L L
Roy 2019 L L L U L L L
Johnson 2019 L L L L L L L
Agarwal 2019 L U L U L L L
Huhtamella 2019 L L L L L L L
Guleria 2019 L L L L L L L
Slowinska-Klencka 2019 U L L L L L L
Yoo 2020 L L L L L L L
Wong 2020 U U L U L L L

L low risk of bias, H high risk of bias, U unclear risk of bias

to identify a more specific risk of malignancy thorough
the knowledge of the detailed cytological pattern. Previ-
ous studies demonstrate that cytological atypia confers a
higher risk of malignancy then architectural alterations
[23, 36]. This observation is recognized by clinicians
and pathologists, but it is not still endorsed by interna-
tional guidelines for thyroid nodules. Moreover, a spe-
cific meta-analysis for each subcategory, based on large
number of cases, is still lacking. Our results underline
that the subcategories differ each other having a different
pooled prevalence of cancer confirmed by final histologi-
cal report [37]. In particular, we showed that the pres-
ence of cytological atypia of papillary type is the riskier
condition (cancer prevalence 44%), while sparse micro-
follicular architecture has the lowest risk (21%), being
Hiirthle cell features slightly more harmless (15%) than
the non-Hiirthle pattern. Of interest, diffuse mild nuclear
atypia has a lower pooled cancer prevalence (42%) than
focal but consistent nuclear atypia (44%). Finally, the

@ Springer

combined nuclear and architectural atypia has a pooled
risk of 36%, considering that cases of non-invasive fol-
licular tumors with papillary-type atypia (NIFTP) may
fall in this subgroup. Since NIFTP was recognized as
entity in 2016 [38], data were only reported in three stud-
ies included in the present meta-analysis [26—28]. The
prevalence of NIFTP in these papers was 5/117 (4.27%)
[26], 1/37 (2.7%) [27], and 11/51 (21.57%) [28]. In
two of these studies [26, 27] NIFTP was considered as
malignant. In the study by Guleria et al. [28] the authors
reported a change in ROM of “Cytologic and architec-
tural atypia (NIFTP may be present)” subcategory when
NIFTP was considered as malignant (58.8%) or non-
malignant (37.3%) entity. The analyzed papers did not
describe information regarding the autoimmunity or thy-
roid function and their potential impact on AUS/FLUS
cannot be known. Our data support the use of an accurate
description of the cytological specimens in the diagnostic
report, avoiding the use of the category definition alone.
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Table 3 Result of the meta-analyses feasible with the data found in the literature

Studies Cases Cancers Pooled cancer P Egger test
(n) (n) (n) prevalence (%) )
(%, CI195%)

Focal cytologic atypia 7 693 305 44, 23-66 97.1 0.46
Extensive but mild cytologic atypia 7 285 115 42, 30-55 76.8 0.78
A scantly cellular specimen with architectural atypia 19 1263 268 21, 15-28 85.3 0.81
Cytologic and architectural atypia (NIFTP may be present) 6 635 198 36, 20-53 94.1 0.26
Hiirthle cell aspirates with low risk pattern 13 731 110 15,9-22 80.8 0.14
Atypia, not otherwise specified (NOS), not papillary type 9 634 167 23, 13-35 88.4 0.31

The results were found in six separate meta-analyses for the six cytologic categories

2 inconsistency, NA value not calculable due to the small number of studies

v
Included in six different meta-analyses
23 articles
|
¥
Extensive but

v ¥ v
Focal cytologic A scantly cellular specimen  Cytologic and architectural atypia

Initially included
29 articles

Excluded due to lack of histology (3 articles)
or incomplete data (1 article)

Included in the systematic review
25 articles

v
Excluded from the meta-analysis
2 articles

v 2 v
Hurthle cell aspirates  Atypia, not otherwise specified, Psammomatous calcifications

atypia mild cytologic atypia  with architectural atypia (NIFTP may be present) with low risk pattern not papillary type in the absence of cellular atypia
7 articles 7 articles 19 articles 6 articles 13 articles 9 articles 1 article (8 nodules)
693 nodules 285 nodules 1263 nodules 635 nodules 731 nodules 634 nodules
Atypical cyst-lining cells
1 article (76 nodules)
Fig.2 Flow diagram of data included in the six different meta-analyses

50~
<
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< 404
>
(%)
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2
©
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o
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0-

Hurthle cell A scantly cellular Atypia, not Cytologic and Extensive but Focal cytologic
aspirates specimen otherwise specified  architectural mild cytologic atypia
with low risk with architectural (NOS), not atypia atypia
pattern atypia papillary type (NIFTP may

be present)

Subcategories of Bethesda lll

Fig.3 Rate of malignancy found in the present meta-analysis. The subcategories are ordered according to their ROM recorded in the meta-

analysis

The accuracy of the subclassification by pattern of the
cytological samples, especially within indeterminate
group, allows a more precise risk stratification and may
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represent the reference for patients’ management and fol-
low up. This approach has been proposed also for the
indeterminate category Thy3a of the UK RCPath report-
ing system [39]. A relevant usefulness of our analysis
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of pattern-based data is the possibility to know a more
detailed risk of malignancy within indeterminate nod-
ules, independently of the adopted classification system.
Other reporting system, such as the Italian system [40],
use a different distribution of the subcategories inside
the indeterminate classes: the knowledge of the pattern-
related risk allows the patients management by the spe-
cific pathological situation.

Nevertheless, a difficulty in the use of subcategories
is evidenced by the differences reported about the cancer
prevalence in the analyzed papers. The wider range has
been observed in the focal cytological atypia (23-66%)
that means a subjective interpretation of single cells or
groups of cells with nuclear clearing or overlapping in an
otherwise benign context. Nuclear atypia in fact is not a
definite condition but a spectrum of alteration from modest
reactive changes to neoplastic papillary transformation.
The smaller range has been found in the subcategories
with architectural atypia alone (Hiirthle or non-Hiirthle
type) demonstrating that microfollicular pattern is a well-
recognized alteration based on a detailed definition: a
group of fewer than 15 thyrocytes arranged in a circle [41].
Such observation demonstrates that morphological crite-
ria for cytological classification, when available, strongly
support diagnostic standardization and reduce results’
heterogeneity.

Limitations of this study should be addressed. (1) Pub-
lication bias is a major concern in a meta-analysis. In fact,
studies reporting positive findings are more likely to be pub-
lished than those with negative results; also, small sample-
size studies are likely to report a positive relationship which
could not be confirmed in larger series. Here, importantly,
Egger’s test proved the lack of publication bias. (2) The
present study has some limitations such as heterogeneity
and selection bias. In particular, the heterogeneity arised
from a possible different management of patients. Also, the
six meta-analyses were performed only for those cytologic
subcategories in which there were at least three papers to
be pooled. (3) Finally, it has to be underlined that when we
speak about the histologic outcome of indeterminate lesions
we are really considering only those patients operated upon;
in this context, we must take into account that all we man-
age patients with indeterminate thyroid nodules according to
their clinical and ultrasound characteristics and then we are
prompted toward the surgical option when one or more risk
factors are present. Thus, a selection bias is always present
in this field.

Even if using the subcategories of AUS/FLUS is not rec-
ommended in the clinical practice, since they are for internal
documentation only, our study should suggest their role for
patient management. Anyway, in view of the reported data
about malignancy risk for each specific scenarios, we advise
for further specific studies ideally prospective.

In conclusion, this meta-analysis found a pooled cancer
prevalence in the subcategories of AUS/FLUS between 15
and 44%, being this range larger than that estimated in the
Bethesda document (10-30%). The evidence-based data
about each subcategory represents a reference for the clinical
management of indeterminate nodules in clinical practice.

Acknowledgements We thank Martina Verri and Anda Mihaela Naciu
for the collaboration.

Author contributions AC conceived the study aim. AC and AP
explored the literature and prepared the initial draft. All authors devel-
oped the selection criteria, the risk of bias assessment strategy and data
extraction criteria. AC and AP extracted the data. PT performed the
statistical analysis. All Authors read, provided feedback, and approved
the final manuscript.

Funding This study did not receive any fund.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed consent Informed consent was not applicable.

References

1. Grani G, Sponziello M, Pecce V, Ramundo V, Durante C (2020)
Contemporary thyroid nodule evaluation and management. J Clin
Endocrinol Metab. https://doi.org/10.1210/clinem/dgaa322

2. Durante C, Grani G, Lamartina L, Filetti S, Mandel SJ, Cooper
DS (2018) The diagnosis and management of thyroid nodules a
review. JAMA J Am Med Assoc 319(9):919-924

3. Magri F, Chytiris S, Croce L, Molteni M, Bendotti G, Gruosso
G, Ngnitejeu ST, Agozzino M, Rotondi M, Chiovato L (2020)
Performance of the ACR TI-RADS and EU TI-RADS scoring
systems in the diagnostic work-up of thyroid nodules in a real-life
series using histology as reference standard. Eur J Endocrinol
183(5):521-528

4. Trimboli P, Castellana M, Piccardo A, Romanelli F, Grani G,
Giovanella L, Durante C (2020) The ultrasound risk stratification
systems for thyroid nodule have been evaluated against papillary
carcinoma. A meta-analysis. Rev Endocr Metab Disord. https://
doi.org/10.1007/s11154-020-09592-3

5. Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegediis L,
Vitti P (2010) American association of clinical endocrinologists,
associazione medici endocrinologi, and europeanthyroid associa-
tion medical guidelines for clinical practice for the diagnosis and
management of thyroid nodules. Endocr Pract 16(Suppl 1):1-43

6. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ,
Nikiforov YE, Pacini F, Randolph GW, Sawka AM, Schlumberger
M, Schuff KG, Sherman SI, Sosa JA, Steward DL, Tuttle RM,
Wartofsky L (2016) 2015 American thyroid association man-
agement guidelines for adult patients with thyroid nodules and
differentiated thyroid cancer: the American thyroid association

@ Springer


https://doi.org/10.1210/clinem/dgaa322
https://doi.org/10.1007/s11154-020-09592-3
https://doi.org/10.1007/s11154-020-09592-3

1350

Journal of Endocrinological Investigation (2021) 44:1343-1351

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

guidelines task force on thyroid nodules and differentiated thyroid
cancer. Thyroid 26(1):1-133

Cibas ES, Ali SZ (2017) The 2017 Bethesda system for reporting
thyroid cytopathology. Thyroid 27(11):1341-1346

Ali SZ, Cibas E (eds) (2018) The Bethesda system for reporting
thyroid cytopathology. Definitions, criteria, and explanatory notes.
Springer, New York

Ellison E, Lapuerta P, Martin SE (1998) Psammoma bodies in
fine-needle aspirates of the thyroid. Predictive value for papillary
carcinoma. Cancer 84(3):169-175

Jaragh M, Carydis Bessie V, MacMillan C, Freeman J, Colgan TJ
(2009) Predictors of malignancy in thyroid fine-needle aspirates
“Cyst Fluid Only” cases: can potential clues of malignancy be
identified? Cancer Cytopathol 117(5):305-310

Whiting PF, Rutjes AWS, Westwood ME, Mallett S, Deeks JJ,
Reitsma JB, Leeflang MMG, Sterne JAC, Bossuyt PMM (2011)
Quadas-2: a revised tool for the quality assessment of diagnostic
accuracy studies. Ann Intern Med 155(8):529-536

Renshaw A (2010) An estimate of risk of malignancy for a benign
diagnosis in thyroid fine-needle aspirates. Cancer Cytopathol
118(4):190-195

Chen JC, Pace SC, Khiyami A, McHenry CR (2014) Should
atypia of undetermined significance be subclassified to better
estimate risk of thyroid cancer? Am J Surg 207(3):331-336
Mathur A, Najafian A, Schneider EB, Zeiger MA, Olson MT
(2014) Malignancy risk and reproducibility associated with atypia
of undetermined significance on thyroid cytology. Surgery (United
States) 156(6):1471-1476

Onder S, Firat P, Ates D (2014) The Bethesda system for reporting
thyroid cytopathology: an institutional experience of the outcome
of indeterminate categories. Cytopathology 25(3):177-184

Wu HH, Inman A, Cramer HM (2014) Subclassification of “atypia
of undetermined significance” in thyroid fine-needle aspirates.
Diagn Cytopathol 42(1):23-29

Hyeon J, Ahn S, Shin JH, Oh YL (2014) The prediction of malig-
nant risk in the category “atypia of undetermined significance/
follicular lesion of undetermined significance” of the bethesda
system for reporting thyroid cytopathology using subcategoriza-
tion and braf mutation results. Cancer Cytopathol 122(5):368-376
Cuhaci N, Arpaci D, Ugler R, Yazgan AK, Kiyak G, Yalgin S,
Ersoy PE, Giiler G, Ersoy R, Cakir B (2014) Malignancy rate
of thyroid nodules defined as follicular lesion of undetermined
significance and atypia of undetermined significance in thyroid
cytopathology and its relation with ultrasonographic features.
Endocr Pathol 25(3):248-256

Vanderlaan PA, Marqusee E, Krane JF (2011) Clinical outcome for
atypia of undetermined significance in thyroid fine-needle aspira-
tions: should repeated FNA be the preferred initial approach? Am
J Clin Pathol 135(5):770-775

Horne MJ, Chhieng DC, Theoharis C, Schofield K, Kowalski D,
Prasad ML, Hammers L, Udelsman R, Adeniran AJ (2012) Thy-
roid follicular lesion of undetermined significance: evaluation of
the risk of malignancy using the two-tier sub-classification. Diagn
Cytopathol 40(5):410-415

Ho AS, Sarti EE, Jain KS, Wang H, Nixon 1J, Shaha AR, Shah JP,
Kraus DH, Ghossein R, Fish SA, Wong RJ, Lin O, Morris LGT
(2014) Malignancy rate in thyroid nodules classified as bethesda
category III (AUS/FLUS). Thyroid 24(5):832-839

Rosario PW, Calsolari MR (2017) Importance of cytological
subclassification of thyroid nodules with Bethesda category III
cytology (AUS/FLUS) into architectural atypia only and nuclear
atypia: a prospective study. Diagn Cytopathol 45(7):604-607
Johnson DN, Cavallo AB, Uraizee I, Tanager K, Lastra RR, Antic
T, Cipriani NA (2019) A Proposal for separation of nuclear atypia
and architectural atypia in Bethesda category III (AUS/FLUS)

@ Springer

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

based on differing rates of thyroid malignancy. Am J Clin Pathol
151(1):86-94

Shrestha RT, Hennessey JV (2016) Cytologic subclassification
of atypia of undetermined significance may predict thyroid nod-
ules more likely to be malignant at surgery. Diagn Cytopathol
44(6):492-498

Lim JXY, Nga ME, Chan DKH, Tan WB, Parameswaran R,
Ngiam KY (2018) Subclassification of Bethesda atypical and
follicular neoplasm categories according to nuclear and architec-
tural atypia improves discrimination of thyroid malignancy risk.
Thyroid 28(4):511-521

Roy S, Prabhu AJ, Abraham DT, Jacob PM, Manipadam MT
(2019) An insight into the utility of sub-categorisation of atypia
of undetermined significance for risk stratification: a retrospective
study on an Indian cohort with histopathological correlation. Acta
Cytol 63(3):182-188

Huhtamella R, Kholova I (2019) Thyroid bethesda category AUS/
FLUS in our microscopes: three-year-experience and cyto-histo-
logical correlation. Cancers (Basel). https://doi.org/10.3390/cance
rs11111670

Guleria P, Agarwal S, Iyer VK, Jain D, Mathur SR, Yadav D
(2019) Subcategorisation of AUS/FLUS thyroid lesions as per
the 2017 Bethesda system for reporting thyroid cytopathology: a
retrospective study from a tertiary care centre analysing risk of
malignancy (ROM) of the different subcategories. J Clin Pathol
72(11):771-777

Yoo WS, Ahn HY, Ahn HS, Chung YJ, Kim HS, Cho BY, Seo M,
Moon JH, Park YJ (2020) Malignancy rate of Bethesda category
III thyroid nodules according to ultrasound risk stratification sys-
tem and cytological subtype. Medicine (United States). https://
doi.org/10.1097/MD.0000000000018780

Kim M, Jeon MJ, Han M, Lee JH, Song DE, Baek JH, Kim TY,
Kim WB, Shong YK, Kim WG (2019) Tumor growth rate does
not predict malignancy in surgically resected thyroid nodules clas-
sified as bethesda category III with architectural atypia. Thyroid
29(2):216221

Jung YY, Jung S, Lee HW, Oh YL (2015) Significance of subcate-
gory atypia of undetermined significance/follicular lesion of unde-
termined significance showing both cytologic and architectural
atypia in thyroid aspiration cytology. Acta Cytol 59(5):370-376

Agarwal S, Bychkov A, Jung CK, Hirokawa M, Lai CR, Hong SW,
Kwon HJ, Rangdaeng S, Liu Z, Su P, Kakudo K, Jain D (2019)
The prevalence and surgical outcomes of Hiirthle cell lesions in
FNAs of the thyroid: a multi-institutional study in 6 Asian coun-
tries. Cancer Cytopathol 127(3):181-191

Stowinska-Klencka D, Wysocka-Konieczna K, Wozniak-Oseta E,
Sporny S, Popowicz B, Sopiniski J, Kaczka K, Kuzdak K, Pomor-
ski L, Klencki M (2019) Thyroid nodules with Hiirthle cells: the
malignancy risk in relation to the FNA outcome category. J Endo-
crinol Invest 42(11):1319-1327

Wong KS, Jo VY, Lowe AC, Faquin WC, Renshaw AA, Shah
AA, Roh MH, Stelow EB, Krane JF (2020) Malignancy risk for
solitary and multiple nodules in Hiirthle cell-predominant thyroid
fine-needle aspirations: a multi-institutional study. Cancer Cyto-
pathol 128(1):68-75

Bongiovanni M, Bellevicine C, Troncone G, Sykiotis GP (2019)
Approach to cytological indeterminate thyroid nodules. Gland
Surg 8(Suppl 2):S98-S104

Gan TRX, Nga ME, Lum JHY, Wong WM, Tan WB, Para-
meswaran R, Ngiam KY (2017) Thyroid cytology-nuclear versus
architectural atypia within the “Atypia of undetermined signifi-
cance/follicular lesion of undetermined significance” Bethesda
category have significantly different rates of malignancy. Cancer
Cytopathol 125(4):245-256


https://doi.org/10.3390/cancers11111670
https://doi.org/10.3390/cancers11111670
https://doi.org/10.1097/MD.0000000000018780
https://doi.org/10.1097/MD.0000000000018780

Journal of Endocrinological Investigation (2021) 44:1343-1351

1351

37.

38.

39.

Olson MT, Clark DP, Erozan YS, Ali SZ (2011) Spectrum of
risk of malignancy in subcategories of “atypia of undetermined
significance.” Acta Cytol 55(6):518-525

Nikiforov YE, Seethala RR, Tallini G, Baloch ZW, Basolo F,
Thompson LDR, Barletta JA, Wenig BM, Al GA, Kakudo K,
Giordano TJ, Alves VA, Khanafshar E, Asa SL, El-Naggar AK,
Gooding WE, Hodak SP, Lloyd RV, Maytal G, Mete O, Nikiforova
MN, Nosé V, Papotti M, Poller DN, Sadow PM, Tischler AS,
Michael TR, Wall KB, LiVolsi VA, Randolph GW, Ghossein RA
(2016) Nomenclature revision for encapsulated follicular variant
of papillary thyroid carcinoma a paradigm shift to reduce over-
treatment of indolent tumors. JAMA Oncol 2(8):1023-1029

van der Horst C, Wright S, Young D, Tailor H, Clark L (2021)
What is Thy3a? A study of 336 Thy3a (AUS/FLUS) thyroid FNAs
with histology compares UK RCPath with other reporting systems
and shows how Thy3a subclassification can improve risk stratifi-
cation and help address overuse of this category. Cytopathology
32(1):29-36

40. Nardi F, Basolo F, Crescenzi A, Fadda G, Frasoldati A, Orlandi

41.

F, Palombini L, Papini E, Zini M, Pontecorvi A, Vitti P (2014)
Italian consensus for the classification and reporting of thyroid
cytology. J Endocrinol Invest 37(6):593-599

Renshaw AA, Wang E, Wilbur D, Hughes JH, Haja J, Henry
MR, College of American Pathologists Cytopathology Com-
mittee (2006) Interobserver agreement on microfollicles in thy-
roid fine-needle aspirates. Arch Pathol Lab Med. https://doi.
org/10.1043/1543-2165(2006)130[148:IAOMIT]2.0.CO;2

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1043/1543-2165(2006)130[148:IAOMIT]2.0.CO;2
https://doi.org/10.1043/1543-2165(2006)130[148:IAOMIT]2.0.CO;2

	Cancer prevalence in the subcategories of the indeterminate class III (AUSFLUS) of the Bethesda system for thyroid cytology: a meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Data extraction
	Study quality assessment
	Data analysis

	Results
	Study quality assessment
	Qualitative analysis (systematic review)
	Quantitative analysis (meta-analysis)

	Discussion
	Acknowledgements 
	References




