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AUS/FLUS was found in 21.6% in repeated cytology. Cytohis-
tological correlation was analysed from 16 studies (4,964 
cases), revealing 10.4% as AUS/FLUS and a 21.5% risk of ma-
lignancy.  Conclusions:  An AUS/FLUS category seems to be 
currently reasonable with clearly defined cytomorphologi-
cal criteria which do not correspond unequivocally with 
those of the other categories. An AUS/FLUS category is justi-
fied and possible means of its improvement with immuno-
histochemistry, molecular analysis and imaging are dis-
cussed.  © 2014 S. Karger AG, Basel 

 Introduction 

 The Bethesda System for Reporting Thyroid Cytopa-
thology (BSRTC) was introduced into clinical practice in 
2007  [1] . BSRTC is a generally accepted 6-tier system. 
BSRTC categories include a morphologic description, 
risk of malignancy and follow-up suggestions in each 
group ( table 1 ). The system has standardised the report-
ing and management of thyroid gland fine-needle aspira-
tions (FNA)  [2] . Up to 6 years of experience has been cu-
mulated at several centres ( table 2 )  [3–8] . In addition, ret-
rospective studies have also approved the feasibility of the 
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 Abstract 

  Objective:  The Bethesda System for Reporting Thyroid Cyto-
pathology (BSRTC) was introduced in thyroid cytology in 
2007 and is now generally accepted. BSRTC categories in-
clude a morphologic description and risk of malignancy as 
well as follow-up suggestions in each group. However, the 
category entitled ‘atypia of undetermined significance or 
follicular lesion of undetermined significance’ (AUS/FLUS) is 
problematic. This category is heterogeneous and has been 
overused so far.  Study Design:  Twenty-six studies were in-
cluded in a meta-analysis. In addition to AUS/FLUS percent-
age, we analysed repeated AUS/FLUS percentage, cytologi-
cal and histological correlations, and risk of malignancy and 
neoplasm for AUS/FLUS. Furthermore, stratification, inter- 
and intra-observer variability, and the possibility of a switch 
to another category and its clinical consequences were re-
viewed.  Results:  Out of a total of 81,833 cases, AUS/FLUS ac-
counted for 10.9%, with a 34% risk of malignancy. Persistent 
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system ( table 2 )  [9–28] . Furthermore, meta-analyses have 
shown the advantages of the system  [29–32] . The new 
classification helps to compare national and internation-
al study results. Overall, the best function of the system is 
the grouping of follicular neoplasms (FN) into a separate 

category. However, disadvantages of the BSRTC have also 
been reported. They comprise mainly intra- and interper-
sonal variability and strict criteria for diagnostic samples. 
The most problematic category in the BSRTC seems to be 
‘atypia of undetermined significance or follicular lesion 

 Table 1.  The BSRTC

Diagnostic category Risk of 
malignancy, %

Clinical recommendation

1. Non-diagnostic/unsatisfactory (ND/UNS) 1 – 4 Re-aspiration after 3-month interval
2. Benign 0 – 3 Follow-up
3. Atypia of undetermined significance/follicular lesion of undetermined 

significance (AUS/FLUS) 5 – 15 Re-aspiration after 3-month interval
4. Suspicious for follicular neoplasm/follicular neoplasm (SFN/FN) 15 – 30 Lobectomy
5. Suspicious for malignancy (except of follicular carcinoma) 60 – 77 Lobectomy/thyroidectomy
6. Malignant 97 – 99 Thyroidectomy, eventual radiation/

chemotherapy

 Table 2.  Summary of prospective and retrospective studies using the BSRTC: the AUS/FLUS results

First author [Ref.] Time period Prospective/
retrospective

Total samples,
n

AUS/FLUS, 
n

AUS/FLUS 
rate, %

Malignancy rate in AUS/FLUS, %

Theoharis [3] 2008 pros 3,207 95 3.0 12 in all cases, 48 in resected cases
Kim [4] 2007 – 2009 pros 865 141 16.3 96.7 in resected cases
Bohacek [5] 2000 – 2010 pros 1,000 8 0.8 12.5 in resected cases
Bongiovanni [6] 2007 – 2009 pros 3,308 248 6.7 14.4 in resected cases
Ohori [7] 2007 – 2008 pros 2,502 513 20.5 17.1 in resected cases
Ratour [8] 2010 – 2011 pros 2,210 244 11 23 in resected cases

Summary of prospective studies 15,274 1,249 9.7 (0.8 – 20.5) 35.3 (12.5 – 96.7) in resected cases

Shi [9] 2004 – 2008 retro 8,150 174 2.1 35 in resected cases
Jo [10] 1992 – 2009 retro 3,080 104 3.4 17 in resected cases
Renshaw [11] 1996 – 2009 retro 7,089 548 7.7 25 in resected cases
Layfield [12] 2003 – 2007 retro 6,872 664 12.1 5 in all cases, 28 in resected cases
Marchevsky [13] 2006 retro 879 86 9.8 12.8 in all cases, 37.9 in resected cases
VanderLaan [14] 2005 – 2009 retro 4,691 512 10.9 27 in all cases, 46 in resected cases
VanderLaan [15] 2005 – 2009 retro 5,327 592 11.2 43 in resected cases
Somma [16] 2006 retro 1,737 275 15.8 26 in resected cases
Nayar [17] 2000 – 2006 retro 5,194 924 17.8 6 in resected cases
Faquin [18] 2005 – 2007 retro n.d. 509 9 – 12 19 in resected cases
Wu [19] 2006 – 2008 retro 1,382 376 27.2 6 in resected cases
Rabaglia [20] 2008 – 2009 retro 765 91 11.9 13 in resected cases
Smith [21] 2007 – 2011 retro 179 43 24.0 48 in resected cases
Luu [22] 2004 – 2009 retro 7,072 222 3.1 29 in resected cases
Dincer [23] 2009 – 2010 retro 7,658 368 4.8 26 in resected cases
Olson [24] 2009 – 2011 retro 3,956 388 9.8 32 in resected cases
Al-Abbadi [25] 2010 – 2011 retro 205 15 7 44 in resected cases
Mondal [26] 2009 – 2012 retro 1,020 9 0.9 20 in resected cases
Broome [27] 2007 – 2010 retro 282 82 29 20 in resected cases
Tepeoglu [28] 2009 – 2011 retro 1,021 100 9.8 12.7 in resected cases

Summary of retrospective studies 66,559 6,082 11.4 (0.9 – 29) 32.7 (6 – 48) in resected cases

Summary of all studies 81,833 7,331 10.9 (0.8 – 29) 34 (6 – 96.7) in resected cases

n.d. = Not determined.
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of undetermined significance’ (AUS/FLUS). In our re-
view, we aimed to analyse the available studies, to sum-
marize the pros and cons of the AUS/FLUS category, and 
to make this category more transparent and useful.

  AUS/FLUS – A New Category in the Bethesda 2010 

System 

 The AUS/FLUS category has been newly introduced in 
the BSRTC  [2] . This category was derived from the pre-
ceding category ‘indeterminate for malignancy’, which 
was separated into suspicious for FN/FN (SFN/FN), sus-
picious for malignancy and AUS/FLUS categories  [33] . 
The AUS/FLUS category is widely discussed in the litera-
ture  [9, 11, 23, 29, 34] . It is a heterogeneous category in-
cluding mainly sparse and compromised samples with 
suspicious atypical cytological or architectural features, 
nevertheless not sufficient to be diagnosed as FN or suspi-
cious for malignancy  [2, 34] .

  AUS/FLUS Heterogeneity and Categories 

 AUS/FLUS interpretation is appropriate in situations 
with a predominant or exclusive occurrence of a promi-
nent population of microfollicles or oncocytes in pauci-
cellular aspirates with scant colloid, in the presence of 
clotting and air-drying artefacts, features suggestive of 
papillary carcinoma, atypical cyst-lining cells, focally en-
larged nuclei, atypical lymphoid infiltrate, and not other-
wise specified changes  [2] . The below paragraphs include 
the most common options in this heterogeneous catego-
ry. The most important criterion for AUS/FLUS is a tech-
nically compromised sample, which is either sparse in 
atypical features or bloody  [2] . Overall, the atypical fea-
tures are not completely sufficient for another diagnostic 
category.

  Prominent Population of Microfollicles 
 The sample is composed of some microfollicles, tra-

becular and/or crowded groups. The features are sugges-
tive of follicular neoplasia, but not sufficient to be diag-
nostic. Of note, microfollicles also appear in benign FNA 
 [2, 34] . Interestingly, Renshaw  [35]  found that cellular 
samples with mixtures of microfollicles and macrofolli-
cles and no significant atypia have similar risks of malig-
nancy as scant aspirates with microfollicles only and cy-
tological atypia only.

  Predominance of Oncocytes and Oncocytes Only 
 The samples contain predominantly or exclusively on-

cocytes either grouped or isolated. The paucicellularity is 
against the diagnosis of oncocytic FN  [2, 34] . Of interest, 
nodular goitre composed almost only of oncocytes may 
be placed into both the AUS/FLUS and oncocytic FN cat-
egories. In such cases, clinical and radiological correla-
tion is preferable to repeated FNA  [34] . Oncocyte-rich 
cases without cellular atypia may benefit from repeated 
FNA  [11] . Notably, oncocyte-rich carcinoma is often dif-
ficult to aspirate and aspiration results in very paucicel-
lular smears  [35] .

  Clotting and Air-Drying Artefacts 
 In poorly fixed and/or stained samples, cells look larg-

er and the chromatin structure is compromised. Exces-
sive blood and clots may imitate microfollicular crowding 
 [34] .

  Features Suggestive of Papillary Carcinoma 
 Papillary carcinoma can be grouped all together in 5 

BSRTC categories depending on the sample cellularity. 
Cystic papillary carcinoma sampled only from the cystic 
part and not containing epithelium is put into the non-
diagnostic category. Suboptimally aspired carcinoma is 
placed into the AUS/FLUS category. The representative 
sample is either suspicious for malignancy or malignant 
in the BSRTC  [36] . Furthermore, follicular variants of 
papillary carcinoma are often diagnosed as FN  [37] . AUS/
FLUS lesions usually contain cells with nuclear enlarge-
ment, pallor and crowding. Typical diagnostic features, 
such as intranuclear pseudoinclusions, grooves and nu-
clear contours, are not present or are minimally seen in 
obscured samples. In a large study of 2,210 cases, it was 
the most common AUS/FLUS category (36%)  [8] . Knowl-
edge of mimics of papillary carcinoma  [38, 39]  can reduce 
the AUS/FLUS rate.

  Atypical Cyst-Lining Cells 
 Enlarged cells with grooved nuclei and small distinct 

nucleoli are easily recognised as benign in the context of 
a cystic aspirate containing colloid and macrophages; 
however, in isolation, it is advisable to use the AUS/FLUS 
category as papillary carcinoma is hard to exclude  [2, 34] . 
Surprisingly, no cases of atypical cyst-lining cells were re-
ported in a large study comprising 2,210 cases  [8] .

  Focally Enlarged Nuclei 
 Clinical data are needed to distinguish drug and radio-

active iodine-caused atypia  [40, 41] . Clinicopathological 
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meetings can be useful in such cases  [15, 22, 23] . Further-
more, reparative changes due to cystic degeneration or 
haemorrhage can also cause nuclear enlargement  [2] .

  Atypical Lymphoid Infiltrates 
 Diffuse large B cell lymphomas can be easily diagnosed 

as suspicious for malignancy, but low-grade lymphopro-
liferative disorders present as samples with atypical lym-
phocytes that are not yet sufficient as suspicious for ma-
lignancy. Flow cytometry and immunophenotyping is re-
quired in such samples  [2, 34, 42] .

  Not Otherwise Specified 
 This group includes any other atypical scenarios. In 

cases where the origin of atypical cells is uncertain or un-
known, the lesion is allocated to this group  [2] .

  AUS/FLUS Subclassification or Diminishment? 

 An AUS/FLUS subclassification according to low and 
high malignancy risk was suggested since atypical follicu-
lar cells can be further stratified. Nevertheless, only some 
authors subclassified atypical cells in their analyses and, 
if done, the systems of subclassification varied consider-
ably ( table  3 ). Six studies  [11, 17, 21, 22, 24, 36]  were 
pooled and 487 cases were histologically verified out of a 
total of 972 ( table  3 ). AUS/FLUS lesions with features 
suggestive of papillary carcinoma showed a higher risk of 
malignancy (28.9%) in comparison with architectural 
atypia (risk of malignancy 13.5%) followed by oncocytic 
AUS/FLUS (8.5%) and technically compromised samples 
(7.9%). Only two studies in this analysis separated neo-
plastic lesions in output data. In agreement with the above 
analyses, other studies have also shown that AUS/FLUS 
cases with papillary carcinoma features possess a higher 
risk for malignancy than lesions containing oncocytes 

and architectural atypia  [22, 43, 44] . Olson et al.  [24]  di-
vided the AUS/FLUS category into 3 main subcategories, 
with atypical nuclear features being the most common 
(46%) and having a higher risk of malignancy (48% com-
pared to 32% of all AUS/FLUS cases). In another study, 
AUS/FLUS samples were histologically approved as pap-
illary carcinoma in 73.3%, including 57.1% with a follicu-
lar variant of papillary carcinoma. On the contrary, fol-
licular carcinoma was the final histological diagnosis in 
only 21.1% of AUS/FLUS cases with architectural atypia 
 [45] . The presence of oncocytes increases both the cyto-
logical diagnosis of AUS/FLUS and FNs as well as a final 
histological diagnosis of malignancy  [46] . On the other 
hand, Wu et al.  [19]  reported AUS/FLUS cases with a low-
er risk of malignancy (0 vs. 7%), but with a significantly 
higher risk of neoplasm (89 vs. 33%). Nayar and Ivanovic 
 [17]  subclassified indeterminate lesions into morpholog-
ic groups (83%) that yielded a malignancy risk of 5% and 
a risk of neoplasms of 44% in 383 out of 767 surgically 
confirmed cases. Interestingly, cystic lesions also revealed 
a 5% risk of malignancy (18 surgically confirmed cases 
out of 77). On the contrary, scant and poorly preserved 
samples had a 21% malignancy risk in 29 surgically con-
firmed cases out of 80. It is of interest that there were no 
cytological atypia due to technical artefacts in 354 liquid-
based samples; the majority showed papillary carcinoma-
suggestive features (36%) or microfollicular architecture 
(23.1%)  [8] . On the other hand, AUS/FLUS due to low 
cellularity was determined in 79% of cases in another 
study  [7] . Similarly, suboptimal preparation led to AUS/
FLUS reclassification in 58.9% of cases  [47] . 

  Stratification of the AUS/FLUS category into ‘inade-
quate’ and ‘suspicious’ based on different positive predic-
tive values has been suggested  [11, 36] . In the paediatric 
population, Smith et al.  [21]  suggested the necessity of 
cytological subclassification of the AUS/FLUS category to 
improve the selection of patients for subsequent surgery.

 Table 3.  AUS/FLUS stratification and histological follow-up

Stratification n Histological 
follow-up

Benign Neoplastic Malignant

Architectural [11, 21, 38] 273 131 (48) 94 (34.4) n.d. 37 (13.5)
Papillary carcinoma features [11, 21, 22, 24, 38] 374 233 (62.3) 124 (33.2) n.d. 108 (28.9)
Oncocytes [11, 24, 38] 224 82 (36.6) 63 (28.1) n.d. 19 (8.5)
Technically compromised samples [17, 21] 101 41 (40.6) 22 (21.8) 11 (10.9) 8 (7.9)

 Values in parentheses are percentages. n.d. = Not determined.
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  The subjectivity, inter- and intrapersonal disagree-
ment within the AUS/FLUS category led to suggestions 
to group the AUS/FLUS and SFN/FN categories together 
 [36, 45] . Pooling these categories for similar risk of ma-
lignancy was also suggested by Marchevsky et al.  [13] .

  On the other hand, eliminating the AUS/FLUS catego-
ry increases the false-negative rates of thyroid FNA. In the 
Shi et al.  [9]  study, eliminating the AUS/FLUS category 
revealed that 53% of the neoplastic lesions and an alarm-
ing 37% of papillary carcinomas would have been under-
diagnosed as benign.

  When the BSRTC was compared with a 5-tiered sys-
tem, sensitivity was equally high in both (98.3 vs. 99.2%); 
however, specificity (54.3 vs. 22.8%) and diagnostic ac-
curacy (76.3 vs. 56.3%) was lower in the 6-tiered BSRTC. 
AUS/FLUS is unique to the BSRTC and those cases in-
creased the rate of surgery (78.8 vs. 56.4%)  [6] . Neverthe-
less, cases of AUS/FLUS in the 5-tiered system seem to be 
downgraded into the benign group rather than upgraded 
 [6, 48] .

  AUS/FLUS Overuse Tendency 

 In the majority of BSRTC studies, the AUS/FLUS cat-
egory is overused and the suggested 7% threshold is rare-
ly fulfilled. Summaries of percentages in both retrospec-
tive and prospective studies are presented in  table 2 ; the 
total 81,833 cases are pooled with the average AUS/FLUS 
being 10.9%. The lowest AUS/FLUS percentage was even 
less than 1%  [5, 26] . On average, AUS/FLUS was slightly 
higher in retrospective studies compared to prospective 
studies (11.4 vs. 9.7%). The highest AUS/FLUS was in the 
study by Broome and Solorzano  [27] , and two other ret-
rospective studies also reached more than 20%  [19, 21] . 
Only one prospective study was slightly above 20% 
(20.5%)  [7] . Overall, the suggested 7% and lower AUS/
FLUS rate was used in only half of the prospective and one 
third of the retrospective studies. The AUS/FLUS catego-
ry is clearly generally overused.

  The AUS/FLUS to malignant ratio of 1:   3 is recom-
mended based on the literature. This ratio being higher 
than 3 is either due to an underdiagnosis of malignancy 
or overdiagnosis of AUS/FLUS. Ratios lower than 1 re-
duce the sensitivity. Alternatively, AUS/FLUS plus suspi-
cious for malignancy plus FN/suspicious FN to malig-
nancy ratio is a potential performance measure; however, 
it has the disadvantage of being a 4-parameter calculation 
with 4 variables  [30] . Similarly, AUS/FLUS rates <5% 
lower the sensitivity of the test and conversely rates >15% 

include poorly preserved cases otherwise diagnosed as 
benign or non-diagnostic  [35] . Conversely, the rates for 
benign and malignant categories are relatively tight  [49] .

  In an analysis of 7 pathologists, AUS/FLUS rates and 
AUS/FLUS plus benign rates were constant for individu-
al pathologists (average 73.4%, rate 69.3–77.2%). Based 
on that fact, overuse of AUS/FLUS is due to the overstat-
ing of benign cases. Experience might shape judgment 
skills to make more definite diagnoses, but on the other 
hand the skill to recognize subtle features is needed so as 
not to reduce the sensitivity of the BSRTC  [15] .

  Some prospective studies reached a 20.5% AUS/FLUS 
rate  [7] . On the contrary, Bohacek et al.  [5]  reported only 
0.8% of a total of 1,000 samples as being diagnosed as 
AUS/FLUS. However, another study with an AUS/FLUS 
rate of 0.9% contained 87.5% as benign samples  [26] . 
AUS/FLUS in repeated FNA as reported in several studies 
is summarized in  table 4 . The percentage varies from 0% 
in the study by Jo et al.  [10]  to 67% in the study by Ohori 
et al.  [7] , with the average being 22%. Repeated AUS/
FLUS indicates the surgical treatment  [1] .

  A novel approach to avoid overusing the AUS/FLUS 
category and instead splitting the benign category has 
been suggested. The first group would be ‘benign’, as it 
was originally in the BSRTC, and the second group would 
be ‘favour benign with mandatory clinical follow-up’. 
This mild change in classification would reduce AUS/
FLUS to 2–8%, leaving only papillary carcinoma-sugges-
tive cases and atypical microfollicles  [50] .

 Table 4.  Repeated FNA and persistent AUS/FLUS

First author [Ref.] AUS/FLUS 
rate, %

Persistent AUS/
FLUS in repeated 
FNA, %

Nayar [17] 18 27
Theoharis [3] 3 6
Ohori [7] 20.5 67
Faquin [18] 9/12 23
Jo [10] 3.4 0
VanderLaan [14] 10.9 27.9
Ratour [8] 11 19.8
Dincer [23] 4.8 0
Olson [24] 9.8 44
Mondal [26] 0.9 1

Average and range 9.39 (0.9 – 20.5) 21.57 (0 – 67) D
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  Inter- and Intrapersonal Variability of AUS/FLUS 

Evaluation  

 One of the shortcomings of the BSRTC seems to be the 
considerable intra- and interpersonal variability in re-
spect to subjectivity of cytological evaluation. Four ex-
perts analysed 107 cases, with consensus only reached in 
72 cases (67.3%). The most problematic was the AUS/
FLUS category, where only 2 out of 9 cases were diag-
nosed in agreement among the panellists. The rate of 
agreement was 80% for the malignant category and 73% 
for the benign category  [51] . Similarly, in another study, 
interobserver agreement was only 50% in the AUS/FLUS 
category, but 93.8% in the benign category and 100% in 
the malignant category  [52] . A third study also revealed 
the highest intra-observer variability in the AUS/FLUS 
and SFN/FN categories  [45] . On the contrary, the highest 
interobserver variability was between AUS/FLUS and 
‘suspicious for malignancy’  [45] . Unanimous interob-
server agreement was found in 63% and intra-observer 
agreement in 62% in the study where only 2 reviewers 
reclassified the cases  [9] . Wu et al.  [19]  reported the vari-
ability among 4 pathologists to be 11, 21, 34 and 47%, re-
spectively, with no influence of years of experience, but 
the pathologists with certification in cytopathology had 
lower AUS/FLUS rates. Another study concluded that 
lower AUS/FLUS rates were noticed in pathologists with 
cytopathology board examinations, but no correlation 

was found with the years of experience and the volume of 
workload  [15] . In a review of 7 cytopathologists, AUS/
FLUS varied between 3.4 and 22.4%, and annual intra-
personal rates were calculated at an average of 9.9–12.4% 
 [15] . Interpersonal AUS/FLUS rates of 14–27% were re-
ported by Ohori et al.  [7] . Multicentre analysis showed 
interinstitutional variability (range 3.3–14.9%) as well as 
interindividual variability (range 2.5–28.6%) in AUS/
FLUS ranges  [12] . In summary, the BTRTC has a higher 
inter- and intrapersonal as well as interinstitutional vari-
ability than the 5-tier systems.

  Risk of Neoplasia/Malignancy and Prognostic Role of 

the BSRTC 

 The risk of malignancy is variable and depends on the 
predominant morphological feature of the AUS/FLUS 
category  [11, 43] . In various studies, it varies from 6 to 
96.7% ( table 2 ) in resected histologically proven cases. In-
terestingly, in retrospective studies, the risk of malignan-
cy for AUS/FLUS was on average 32.7%, with a range of 
6–48%. In prospective studies, the average was similar 
(35.3%), but the range higher (12.5–96.7%). To sum-
marise, the risk of malignancy in the majority of the stud-
ies is higher than the BSRTC anticipated for the AUS/
FLUS category. Alarmingly, it is more than doubled on 
average. The reason for this is mainly due to AUS/FLUS 

 Table 5.  Cytohistological correlation of AUS/FLUS cases

First author [Ref.] AUS/
FLUS, n

AUS/
FLUS, %

Histology, 
n

Histology, 
%

Benign Neoplastic Malignant Risk of malignancy, 
%

Rabaglia [20] 91 11.9 32 35 28 (88) n.d. 4 (13) 13
Smith [21] 43 n.d. 25 58 13 (52) 5 (20) 7 (28) 28
Faquin [18] 509 9/12 273 54 156 (57) 65 (24) 52 (19) 27, repeated FNA 15
Wu [19] 376 27.2 102 27.1 58 (57) 22 (21.5) 22 (21.5) 21.5
VanderLaan [14] 512 10.9 331 64.6 240 (72.5) n.d. 91 (27.5) 27.5
Layfield [12] 673 12.1 127 18.9 87 (68.5) 8 (6.3) 36 (28.3) 28.3
Bohacek [5] 8 0.8 8 100 5 (62.5) 2 (25) 1 (12.5) 12.5
Ohori [7] 513 20.5 117 22.8 79 (70.1) 18 (12.8) 20 (17.1) 17.1
Bongiovanni [6] 248 6.7 132 53.2 113 (85.6) n.d. 19 (14.4) 14.4
Jo [10] 101 3.4 53 52.5 29 (57) 15 (28) 9 (17) 17
Nayar [17] 924 18 430 46.5 224 (52) 181 (42) 25 (6) 6
Dincer [23] 368 4.8 88 23.9 35 (39.8) 30 (34.1) 23 (26.1) 26.1
Olson [24] 388 9.8 133 60 90 (68) n.d. 43 (32) 32
Theoharis [3] 95 3.0 27 30.3 7 (26) 7 (26) 13 (48) 48
Tepeoglu [28] 100 9.8 79 79 64 (81) 5 (6) 10 (12.7) 12.7
Al-Abbadi [25] 15 7 9 60 0 5 (56) 4 (44.4) 44.4

Summary 4,964 10.4 1,966 39.6 1,228 363 379 21.5

Values in parentheses are percentages. n.d. = Not determined.

D
ow

nloaded from
 http://w

w
w

.karger.com
/acy/article-pdf/58/4/319/3894369/000366498.pdf by guest on 24 April 2024

http://dx.doi.org/10.1159%2F000366498


 Thyroid Bethesda AUS/FLUS Category: 
Indispensable or Garbage? 

Acta Cytologica 2014;58:319–329
DOI: 10.1159/000366498

325

overuse. In addition, heterogeneity of the AUS/FLUS cat-
egory causes the variability.  Table 5  analyses cytohisto-
logical correlations of 1,966 AUS/FLUS cases with a risk 
of malignancy of 21.5%. Importantly, the risk of neoplasia 
was 25.1%; however, this data was available only in 12 
studies.

  According to Renshaw  [11] , at least four different risk 
groups can be separated within the AUS/FLUS category. 
Out of them, atypia suggestive of papillary carcinoma has 
the highest risk of malignancy. In his study, 38% of histo-
logically verified cases were proven to be malignant. Con-
versely, oncocytes containing samples were proven to be 
malignant only in 7% of histologically verified cases.

  Surprisingly, malignancy rates among patients who 
went directly to surgery after a single AUS diagnosis 
(41%), patients having 2 successive AUS FNA diagnoses 
(43%) and patients with a benign aspirate after AUS 
(29%) were not significantly different. Based on those 
data, guidelines recommending repeated FNA for most 
cases should be re-evaluated  [14] . However, the majority 
of studies presented opposite views. Interestingly, repeat-
ed FNA has decreased the risk of malignancy in resected 
cases from 27 to 15% and, similarly, the rate of benign 
final histological diagnosis declined from 85 to 73%  [18] . 
In another study, malignancy rates decreased rapidly us-
ing the BSRTC, from 35 to 13%, with the same thyroidec-
tomy rates  [20] . A high AUS/FLUS rate is inversely cor-
related with low malignancy findings in surgically con-
firmed cases  [10, 15, 17] .

  For further studies, risk of neoplasia evaluation is an 
important parameter, which is available only in some 
studies  [3, 5–7, 10, 12, 14, 17–21, 23–25, 28]  ( table 5 ). Six-
teen studies of 4,964 cases with 39.6% histologically ap-
proved showed a risk of neoplasia of 25.1% and a risk of 
malignancy of 21.5%. Up to 81% of lesions were benign 
on histological follow-up. It might be useful to also mon-
itor benign neoplasms as follicular adenoma as they also 
require surgical excision and histological verification 
 [23] .

  Age-related risk of malignancy of BSRTC categories 
has been recently described in a paediatric population 
study. Smith et al.  [21]  analysed the BSRTC in children 
and, based on cytohistological correlation, they found a 
higher risk of malignancy for AUS/FLUS and other un-
determined categories than in adult population studies.

  VanderLaan et al.  [53]  presumed that the aggressive-
ness of papillary carcinoma is increased within various 
BSRTC categories (III, IV, low-risk; V, VI, high-risk). 
However, the majority of follicular variants of papillary 
carcinoma are diagnosed as AUS/FLUS and SFN/FN. 

Follicular variants of papillary carcinoma has a favour-
able prognosis and the predictive role of the BSRTC was 
not approved  [54] . Pooling the AUS/FLUS and SFN/FN 
categories for similar risk of malignancy was suggested by 
Marchevsky et al.  [13] .

  Only limited studies were included in the stratification 
of AUS/FLUS morphology-related risk of neoplasm and 
malignancy ( table 3 ). According to the presented analyses 
of the data, features suggestive for papillary carcinoma 
have a higher risk of malignancy than other morphologi-
cal subcategories  [11, 21, 22, 24, 36] , as suggested also by 
others  [43, 44] .

  The Potential of Diagnostic and Prognostic 

Improvement in AUS/FLUS Cases 

 The BSRTC is based on cytomorphology. This con-
ventional diagnostic method is not able to provide an un-
equivocal diagnosis in all cases. In this respect, the further 
diagnostic strengthening of the AUS/FLUS and other in-
determinate categories and clinical management seems to 
be exhausted. A promising means to a better reproduc-
ibility and diagnostic accuracy of the BSRTC classifica-
tion consists of the implementation of additional meth-
ods and ancillary technologies focused on proteomics 
and molecular analysis of cells into routine FNA practice. 
Such procedures have not been taken into consideration 
in the BSRTC guidelines.

  Immunohistochemistry/Immunocytochemistry 
 This method could be performed on cytological cell 

blocks or on cytological smears as well as on liquid-based 
specimens  [55, 56] . Thyroid transcription factor-1, calci-
tonin and parathormone serve as markers of the histoge-
netic determination of cells (e.g. differentiation between 
thyrocytes, parafollicular and parathyroid cells)  [57, 58] . 
DPPIV (CD26) and galectin-3 are markers of malignan-
cy  [59, 60] . The contribution of cytokeratin 19 and the 
HBME1 (Hector Battifora mesothelial cell 1) immuno-
cytochemistry test to AUS/FLUS management and sepa-
rating of malignant cases has also been documented  [8, 
56] .

  Molecular Analyses 
 Common genetic alterations   detected in differentiated 

thyroid carcinomas are charged to the account of BRAF 
and RAS mutations and RET/PTC and PAX8/PPARγ re-
arrangement, respectively  [61] . More recently, molecular 
detection of point mutations and rearrangements has 
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been successfully performed in routinely obtained fresh 
material as well as air-dried FNA thyroid samples, and the 
usefulness of these molecular analyses has repeatedly 
been confirmed in cytology specimens  [7, 62, 63] . Nu-
merous authors have approved the usefulness of BRAF 
mutation analysis in AUS/FLUS cases, particularly in the 
detection of papillary carcinomas with non-classic histol-
ogy and prediction of the clinicopathological outcome 
and management of the patients  [63–66] . BRAF mutation 
status was performed in 141 AUS/FLUS cases, with 45 
mutation-positive cases; in the histologically confirmed 
cases, 21 were papillary carcinomas and 1 was nodular 
hyperplasia. On the contrary, in 11 histologically con-
firmed BRAF mutation-negative cases, 3 were malignant 
(2 papillary carcinomas, 1 follicular carcinoma)  [4] . Ge-
netic mutational markers have a very high specificity; 
however, their sensitivity is low because about 30–40% of 
differentiated thyroid cancers have no known molecular 
mutation detected  [55, 67] . Therefore, the only way to in-
crease the sensitivity of genomic analysis seems to be to 
use panels of different mutations and chromosomal rear-
rangements, possibly in combination with other molecu-
lar markers, like microRNA and methylation analysis, 
etc.  [67, 68] . Panels of BRAF and RAS mutations and 
RET/PTC and PAX8/PPARγ chromosomal rearrange-
ments have been successfully tested in morphologically 
indeterminate cytology samples. The sensitivity of these 
molecular tests reached 80% compared with 44% in cyto-
morphological examination alone  [62] . Similarly, the 
same research group reported the results of the panel 
ThyroSeq for detection of 284 mutations in 12 tumour 
genes.

  The most frequent mutations, along with BRAF and 
RAS, were PIK3CA, TP53, TSHR, PTEN, GNAS, CTN-
NB1 and RET  [69] . Recently, the Afirma gene expression 
classifier (AGEC) was introduced. The method is based 
on the measurement of mRNA expression and validated 
to search out histologically benign nodules among those 
with indeterminate cytology. This test is indicated only 
for FNA samples with indeterminate diagnosis. AGEC 
evaluates the expression of 142 genes and helps to reclas-
sify thyroid nodules with indeterminate cytology preop-
eratively as either benign or suspicious in order to avoid 
unnecessary surgery in benign cases  [55, 70, 71, 72] . A 
multicenter clinical study recently verified the justifica-
tion of the application of AGEC in routine cytological 
practice  [73] . Although the use of genomic panels is rec-
ommended by some experts, the professional and scien-
tific societies have adopted a conservative approach so far 
 [55, 74, 75] .

  Recently, an aberrant microRNA profile   has been de-
scribed in thyroid cancers as compared to normal thyroid 
tissue  [76] . miR-222, miR-221 and miR-146b have in par-
ticular been upregulated in papillary thyroid carcinomas. 
Significant differences in miR-221, miR-222 and miR181b 
levels have been documented between FNA samples of 
papillary carcinomas and benign thyroid nodules  [76] . 
Several associations of distinct miRNA levels with clini-
copathological features were described. Little is known 
about the miRNA profile in thyroid follicular tumours 
with overlap between malignant, benign and non-neo-
plastic nodules  [77, 78] . Better understanding of micro-
RNA expression in benign and non-neoplastic thyroid 
nodules seems to be a basic prerequisite for further ap-
plication of microRNA analysis in indeterminate FNA.

  Core-Needle Biopsy 
 Core-needle biopsy was shown to improve AUS/FLUS 

non-diagnostic and suspicious categories in comparison 
with repeated FNA  [79, 80] ; however, its use is controver-
sial due to the risk of haemorrhage. Core-needle biopsies 
enable the straightforward use of immunohistochemis-
try.

  Imaging Methods 
 Correlation of cytopathology with various imaging 

methods was suggested as a possible diagnostic improve-
ment  [15, 22, 23] . Preoperative positron emission tomog-
raphy-computed tomography or ultrasonography of cy-
tologically indeterminate thyroid nodules could provide 
reliable information and help in thyroidectomy decision 
making  [81–84] . Other promising methods such as tissue 
high-resolution proton magnetic resonance and  99m Tc-
methoxyisobutylisonitrile thyroid scintigraphy in thy-
roid FNA were recently introduced  [85, 86] .

  Validity of the AUS/FLUS Category and the Future 

 The above-discussed difficulties and limitations of the 
AUS/FLUS category enhance the importance of the con-
tinuous training in cytopathology with the utilisation of 
representative educational source materials, the para-
mount importance of cytohistological correlations, and 
strengthening of technical skills in FNA sampling, han-
dling and the processing of samples  [15, 28, 49, 87] . The 
importance of clinical, radiological and cytopathological 
correlation in the management of patients has been sug-
gested as a possible future direction by many  [15, 22, 23, 
49] , although this is already done in many centres. Fur-
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thermore, group consensus reviews can help reduce the 
AUS/FLUS rates  [87] . VanderLaan et al.  [15]  stressed that 
familiarity with the BSRTC can reduce AUS/FLUS rates.

  Conclusions 

 The AUS/FLUS category seems to be currently reason-
able with clearly defined cytomorphological criteria, 
which do not correspond unequivocally with those of the 
other categories. The AUS/FLUS category is definitely 
not merely a ‘waste basket’ for cases that we are not able 
to further diagnose cytologically. Efforts should be made 
to reduce the number of cases classified as AUS/FLUS in 

the future. The AUS/FLUS category has been overused so 
far and the risk of malignancy is higher than anticipated. 
Promising directions consist both in lowering the amount 
of poorly representative samples with artefacts, and in the 
implementation of new sophisticated methods facilitat-
ing and specifying the cytological diagnosis in not entire-
ly representative samples.
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