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Abstract
Introduction: Thyroid nodules with fine needle aspiration (FNA) cytology categorized as atypia of undetermined
significance (AUS) often undergo additional diagnostic analysis with the Afirma Gene Expression Classifier (GEC)
which classifies these as either high probability of being benign (GEC-B) or suspicious for malignancy (GEC-S). Our
goal was to assess the clinical validity and utility of GEC in the evaluation of AUS cytology and evaluate the
performance of ultrasonography (USG) for predicting malignancy in this subset.
Methods: We conducted a study with a retrospective cohort of patients from January 2012- January 2014 who
had FNA of thyroid nodules >1 cm in size with AUS cytology.
Results: Cleveland Clinic Florida has an overall incidence of AUS of 5%. 119 cases with nodules >1 cm in size
were reported as AUS. 48 (40.3%) had a GEC performed after the first FNA (AUS-1) and 27 of these were GEC-S.
Of those 27, 21 went for surgery and 14 (66.6%) had thyroid cancer on histopathology. The remaining 71 with
AUS-1 were sent for a 2nd FNA:19 nodules were benign and did not undergo further evaluation while the remaining
52 were reported as AUS for the second consecutive time (AUS-2). AUS-2 samples were sent for GEC. Of these 52
AUS-2, 38 (73.1%) were reported as GEC-S. 35 went for surgery and 32 (91.4%) had confirmed malignancy on
histopathology. Positive Predictive Value (PPV) was 91.4% for AUS-2 vs. 66.6% for AUS -1. Moreover, AUS-2
nodules that were hypoechoic and solid on USG showed a PPV of 92% for malignancy.
Conclusion: In our practice, the diagnostic accuracy to predict malignancy with GEC for AUS-1 nodules was
poor (PPV 66.6%). The PPV of GEC testing was markedly higher at 91.4% performed after 2 consecutive AUS
cytologies. AUS-2 nodules that were solid and hypoechoic on USG also had a high probability to be malignant (PPV
92%). We recommend repeat FNA on AUS-1 nodules rather than proceeding directly to GEC testing. Also, we
suggest that among AUS-2 nodules, surgery can be recommended when USG shows solid and hypoechoic features
with GEC testing reserved for the remainder.
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Introduction
Thyroid nodules are one of the most frequent disorders referred to
the endocrine practice. While 4%-7% of the general adult population
has palpable nodules, more than 50% has thyroid nodules on
ultrasonography (USG) [1].
Approximately 5% of all thyroid nodules are malignant [2], and the
incidence of thyroid carcinoma has been increasing in recent years [3].
Therefore, the correct identification of malignant nodules and the
avoidance of unnecessary procedures for benign nodules represent a
major clinical and diagnostic challenge.
USG is an important diagnostic tool in predicting thyroid
malignancy and highlighting thyroid nodules that should be assessed
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by FNA [4-6]. Suspicious USG features include marked hypo
echogenicity, irregular borders, micro calcifications and a taller thanwide shape. A combination of these features is known to provide better
diagnostic accuracy than a single feature alone [4,7-10].
Fine needle aspiration (FNA) biopsy is a widely used method for
assessing the malignancy risk of thyroid nodules. In most instances,
the FNA results are either benign or malignant, allowing for
appropriate management whereas 15% to 30% of cases are considered
indeterminate [11-13]. As per the Bethesda system for reporting
thyroid cytopathology, indeterminate categories includes atypia of
undetermined significance (AUS)/follicular lesion of undetermined
significance (FLUS) and follicular neoplasm or suspicious for follicular
neoplasm (FN). The risk of malignancy in indeterminate nodules
varies greatly between institutions as does the subsequent approach
after receiving such a cytological result [14-20].
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The Afirma gene expression classifier is a proprietary diagnostic test
developed by Veracyte Inc. (South San Francisco, California) for the
preoperative identification of indeterminate thyroid nodules with a
cytology diagnosis of AUS/FLUS and FN. The assay analyzes the
mRNA expression of 167 genes to identify the signature of benign
thyroid nodules. Based on this information, it reclassifies nodules as
either “benign” (GEC-B) or “suspicious for malignancy” (GEC-S)
[21-24].
This review focuses specifically on nodules that display atypia of
undetermined significance (AUS) cytology. Our goal was to assess the
clinical validity and utility on GEC in the evaluation of AUS cytology
at our institution. We also evaluated the performance of ultrasound for
predicting malignancy in the setting of AUS cytology.

Methods
A retrospective chart review was conducted from January 2012January 2014 including patients who had FNA of thyroid nodules >1
cm in size with AUS cytology and GEC testing. Nodules were classified
as benign based on GEC, cytology, or histopathology results. Nodules
were classified as malignant based on final histopathology.
The study protocol was approved by investigational review board
(IRB). The approving IRB found the study to be of minimal patient
risk, and thus granted a waiver of informed consent from patients
whose data was collected for study analysis.
Patients were selected for thyroid nodule FNA based on American
Thyroid Association (ATA) 2009 guidelines criteria for thyroid nodules
[11]. Patients 18 years or older with one or more thyroid nodules >1
cm or greater confirmed by USG with an AUS result on cytology were
included. Patient demographics such as age, sex, FNA and GEC results,
final recommendations by the endocrinologist, subsequent clinical and
surgical follow up, USG characteristics of the biopsied nodule,
including size, echogenicity, vascularity and the presence of
calcifications were collected.
All FNAs were performed under ultrasound guidance by a
radiologist and/or endocrinologist. Each nodule was sampled with 2-5,

25 gauge needle passes and slides were fixed in 95% ethanol and dried
for transport. The initial three passes were evaluated on-site by a
cytopathologist, who confirmed the presence of adequate material for
diagnostic interpretation and rendered a preliminary diagnostic
impression. The cytopathology was performed only by our institution.
Up to 1-2 additional passes were obtained in any given case if it was
believed that the original attempts had limited cellularity. In some
cases GEC testing was recommended at the time of the initial FNA
based on observations made by the on-site cytopathologist in
collaboration with the endocrinologist or interventional radiologist.
GEC testing was collected at the time of the second FNA of all thyroid
nodules with a prior AUS cytology. When needed, the second FNA was
performed after an average time interval of 4-8 weeks. Nodules that
had only a single FNA consistent with AUS were defined as AUS-1.
Nodules that had repeated cytology showing AUS were defined as
AUS-2.
Thyroid surgery was performed on the basis of the clinical judgment
of the treating physician. If the surgery was performed, surgery type
(hemi thyroidectomy [HT] or total thyroidectomy [TT]) and the
reason for recommending surgery were reported by physicians.
Sensitivity, specificity and negative and positive predictive values were
calculated with the use of established methods [25].

Results
Cleveland Clinic Florida has an overall incidence of AUS
cytopathology of thyroid nodules of 5%. We had 119 cases, each having
just one nodule evaluated. Of these 119, 48 (40.3%) based on initial
cytopathology were sent for GEC with 27 classified as GEC-S. 21 of
these went for surgery and 14 (66.6%) had thyroid cancer on
histopathology. 71 with AUS cytology on the initial FNA did not
receive GEC and were sent for a second FNA: 19 (26.7%) were benign
and 52 with sizes ranging from 1-4 cm were again reported as AUS
(AUS-2, AUS on 2nd FNA) (Figure 1). The nodule size ranged from 1
cm to 4 cm. 29 (55.7%) nodules were located in the right lobe, 23
(44.3%) in the left lobe.

Figure 1: Cytopathology analysis.

Afirma vs. surgery
Of these 52 cases with repeated AUS after second FNA, 14 (26.9%)
cases were classified as GEC-B. 4 cases with GEC-B results had surgical
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follow-up with 3 (75%) of them confirmed benign and 1 (25%) being
malignant on final histopathology. The other 38 (73.1%) cases were
reported GEC-S. 35 went for surgery and 32 (91.4%) were confirmed
malignant on histopathology.
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The malignant diagnoses included 9 cases of follicular variant of
papillary thyroid carcinoma (FV-PTC), 23 cases of papillary thyroid
carcinoma (PTC), 2 cases of follicular carcinoma (FC), and 1 case of
Hurthle cell carcinoma (HC).
GEC correctly identified 32 of the 35 malignant samples as GEC-S
yielding a sensitivity of 96%; 13 of 14 non-malignant samples were
correctly identified as GEC-B by the Gene Expression Classifier
yielding a specificity of 81.2%. The negative predictive value was 92.8%
(Table 1).
Afirma GEC

U/S (solid and hypo-echoic)

Sensitivity

96% (n=33)

71.8% (n=32)

Specificity

81.2% (n=16)

88.2% (n=17)

PPV

91.4% (n=35)

92% (n=25)

NPV

92.8% (n=14)

62.5% (n=24)

lobectomy if a definitively benign cytology was not obtained. More
recently, attempts to develop gene expression classifiers to aid in the
preoperative characterization of thyroid nodules with indeterminate
cytology have been made. The Afirma GEC uses an algorithm based on
the expression of 167 genes to classify thyroid FNA specimens as either
benign or suspicious. Of these 167 genes, 142 are involved in the main
classifier and the remaining 25 genes filter out rare neoplasm [26]. The
NPV for the gene expression classifier for first FNA aspirates classified
as AUS was 95% in previous reports [4,26]. We had 92.8% of NPV after
two consecutive FNA with AUS results, implying that thyroid nodules
with these cytological abnormalities and benign gene expression
classifier results have a post-test probability for nodules with
cytological benign features on fine-needle aspiration [7,27].

Afirma vs. ultrasound

The overall positive predictive value (PPV) for malignancy of
Afirma in cases diagnosed as AUS was 71.4% in the
current study which was considerably higher than that noted in the
published literature (38% to 48%)[26,29]. This discrepancy appears
due to the use of GEC only after 2 consecutive AUS cytologies. It is
evident from our data that the diagnostic accuracy of GEC testing was
markedly higher at 91.4% when it was done after 2 consecutive AUS
cytologies compared to its performance after a single such biopsy
which was associated with a low positive predictive value of 66.6%.

The ultrasound examination revealed nodular micro calcifications
in 9 of the 52 cases (17.30%). Of these the Afirma result was suspicious
in 8 and benign in 1 case. Surgical follow up was available in 6 of the 8
nodules with calcifications and suspicious Afirma result. Of these 6
(75%) were diagnosed as malignant (4 cases as papillary thyroid
carcinoma, 1 case as follicular carcinoma and 1 case as Hurthle cell
carcinoma).

With regards to ultrasonography findings, we found that nodules
that were AUS-2 with solid and hypoechoic features on ultrasound
have a high probability of malignancy with a 92% PPV. The PPV of
these two ultrasound features is equivalent to that of a “suspicious”
GEC on these selected AUS-2 nodules. On the other hand, malignancy
could not be excluded in those nodules with two separate AUS
cytologies that are neither solid nor hypoechoic.

In contrast 27 of 38 cases with suspicious Afirma results but without
reported calcification by ultrasound were found to be malignant on
final histopathology result.

One limitation of our study is that we did not have histopathology
reports on all nodules considered benign by biopsy and/or GEC.
However, given the general acceptance of the performance of benign
FNA and GEC test results we consider our calculations to still be valid.
Although our study population and methods were homogeneous, the
results might not apply to the use of these tests in the community since
geographic variations, institution-specific prevalence of malignancy,
and variations in cytopathology determination of AUS cytology results
affect performance of the test [27,29]. There was a potential selection
bias in categorizing some AUS nodules to get selected for GEC initially
while others had repeat cytology.

Table 1: Afirma GEC vs. ultrasound on AUS-2.

Hyper vascularity was reported in 16 of the 52 cases (30.7%).
Afirma diagnosed 14 cases as GEC-S and 2 as GEC-B. Surgical follow
up was available in 12 of the 14 cases with hyper vascularity and
suspicious Afirma results. Malignancy was reported in 10 cases
(83.3%).
For nodules that were AUS-2 with solid and hypoechoic features on
USG (n=25), 23 (92%) cases confirmed malignancy on histopathology
and 2 (8%) cases were benign. Of the AUS-2, nodules that were neither
solid nor hypoechoic on US (n=24), only 9 (37.5%) of cases confirmed
malignancy on histopathology and 15 (62.5%) were benign. Nodules
(n=3) that showed cystic features on USG were excluded. Nodules that
were AUS-2, solid and hypoechoic on ultrasound had a 92% positive
predictive value for being malignant. 19 GEC-benign cases underwent
clinical follow up for one year with 16 showing no change in size or
ultrasonography characteristics. 3 cases underwent surgery due to
compressive symptoms with benign final histopathology.

Discussion

Our data suggests that proceeding directly to surgery after two AUS
cytologies for nodules that are solid and hypoechoic is a reasonable
practice given a high yield for malignancy. Additional assessment with
GEC would be helpful in nodules not having these ultrasound
characteristics to better exclude malignancy. This recommendation
would align with the current guidelines from the ATA [30].
Prospective multi-center studies with long term follow are required to
more precisely define the best practices in the evaluation and
appropriate management of thyroid nodules with indeterminate
cytology.

This study describes the validity and utility of gene expression
classifier in the evaluation of AUS cytology at Cleveland Clinic Florida.
Additionally, we also aimed to evaluate the performance of ultrasound
for predicting malignancy in the setting of AUS cytology.

Disclosures

Well defined criteria have been established for the interpretation of
thyroid FNA specimens by The Bethesda System for reporting
cytopathology. The indeterminate category includes AUS with an
associated risk of malignancy of 5% to 15%. The traditional approach
for management of AUS included a repeat FNA followed by surgical
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