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Ivona Lončar PhD1 | Evert F. S. van Velsen MD, PhD2 |

Elske T. Massolt MD, PhD3 | Folkert J. van Kemenade MD, PhD4 |

Adriana C. H. van Engen-van Grunsven MD, PhD5 |

Bettien M. van Hemel MD, PhD6 | Francien H. van Nederveen MD, PhD7 |

Romana Netea-Maier MD, PhD8 | Thera P. Links MD, PhD9 |

Robin P. Peeters MD, PhD2 | Tessa M. van Ginhoven MD, PhD1

1Department of Surgical Oncology and Gastrointestinal Surgery, Erasmus MC Cancer Institute, Rotterdam, the Netherlands
2Department of Internal Medicine, Erasmus MC Academic Center for Thyroid Diseases, Rotterdam, the Netherlands
3Department of Internal Medicine, Albert Schweitzer Hospital, Dordrecht, the Netherlands
4Department of Pathology, Erasmus MC, Rotterdam, the Netherlands
5Department of Pathology, Radboud University Medical Center, Nijmegen, the Netherlands
6Department of Pathology, University Medical Center Groningen, University of Groningen, Groningen, the Netherlands
7Laboratory for Pathology, Dordrecht, the Netherlands
8Division of Endocrinology, Department of Internal Medicine, Radboud University Medical Center, Nijmegen, the Netherlands
9Department of Endocrinology, University Medical Center Groningen, University of Groningen, Groningen, the Netherlands

Correspondence
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Abstract

Background: The Gene Expression Classifier (GEC) and Genomic Sequencing

Classifier (GSC) were developed to improve risk stratification of indeterminate

nodules. Our aim was to assess the clinical utility in a European population

with restrictive diagnostic workup.

Methods: Clinical utility of the GEC was assessed in a prospective multicenter

cohort of 68 indeterminate nodules. Diagnostic surgical rates for Bethesda III

and IV nodules were compared to a historical cohort of 171 indeterminate nod-

ules. Samples were post hoc tested with the GSC.

Results: The GEC classified 26% as benign. Surgical rates between the pro-

spective and historical cohort did not differ (72.1% vs. 76.6%). The GSC classi-

fied 59% as benign, but misclassified six malignant lesions as benign.

Conclusion: Implementation of GEC in management of indeterminate nod-

ules in a European country with restrictive diagnostic workup is currently not
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supported, especially in oncocytic nodules. Prospective studies with the GSC in

European countries are needed to determine the clinical utility.

KEYWORD S

fine-needle aspiration, gene expression classifier, genomic sequencing classifier,
indeterminate thyroid nodule

1 | INTRODUCTION

Thyroid nodules are identified in approximately 5% of
the adult population by clinical examination and even up
to 50% on ultrasound or autopsy examination.1,2 How-
ever, only 7%–15% of thyroid nodules harbors malig-
nancy.3 Current workup of thyroid nodules consists of a
neck ultrasound with, if indicated, cytological assessment
after ultrasound-guided fine-needle aspiration (FNA).4

After FNA approximately 15%–30% of the nodules are
reported as cytologically indeterminate, including the
Bethesda III (B3, Atypia of Undetermined Significance or
Follicular Lesion of Undetermined Significance),
Bethesda IV (B4, Follicular Neoplasm or Suspicious for a
Follicular Neoplasm), and Bethesda V (B5, Suspicious for
malignancy) categories.5,6 Following diagnostic surgical
resection, only one in three indeterminate nodules proves
to be malignant, suggesting a large potential to avoid
diagnostic surgeries.7 To reduce the number of diagnostic
surgeries several molecular tests have been developed in
the past decade, using different approaches including
microRNA classifiers (Rosetta GX Reveal and ThyraMIR)
and next-generation sequencing-based assays (Thyroseq
v2 and v3).8–11 In 2011 Veracyte's Afirma Gene Expres-
sion Classifier (GEC) became commercially available
for patients with Bethesda III or IV thyroid nodules.
This assay uses messenger RNA expression patterns
of 167 genes to reclassify Bethesda III and IV nodules as
“benign” or “suspicious.”12 A GEC benign result
in patients with Bethesda III or IV nodules leads to a
malignancy risk of <5%, which is similar to the benign
Bethesda II category. These data justify a wait-and-see
policy based on a benign GEC result,13,14 whereas
in patients with a GEC suspicious result, the estimated
malignancy rate of 37%–38% often results in diagnostic
surgery.12 In 2017, Veracyte updated the GEC to the
Genomic Sequencing Classifier (GSC) and added the
Xpression Atlas (XA) assay in 2019 showing improved
specificity and positive predictive value.15,16 The GSC
uses whole transcriptome RNA sequencing and machine
learning algorithms to reclassify nodules, combined with
the XA which uses RNA sequencing to detect genomic
variants and fusions. Most clinical validation and utility
studies of the GEC and GSC have been performed in the

United States, with only one publication from Europe so
far.17

Historically, the Netherlands has a conservative
approach towards patients with thyroid nodules com-
pared to many other countries, with a high threshold for
neck ultrasound leading to relatively low number of inci-
dental findings. Since 2007, the Dutch national thyroid
cancer guidelines advocate to only pursue neck ultra-
sound in patients with a palpable thyroid nodule and to
refrain from further diagnostics in incidentally found
thyroid nodules by other imaging such as MRI and
CT-scans, except for FDG-PET/CT avid thyroid nod-
ules.18 These restrictive diagnostic workup protocols
result in a selected population with less incidentally dis-
covered low-grade papillary thyroid cancer and a lower
burden of microcarcinomas compared to other coun-
tries.19 The utility of the GEC in a population with long-
standing restrictive workup protocols has not been
assessed before and provides insights for future imple-
mentations as de-escalating trends in diagnostic workups
are upcoming.20 This study therefore assesses the clinical
utility of the GEC in a European country with restrictive
diagnostic workup by describing the impact on surgical
treatment and concordancy between GEC and GSC
results and definitive histopathology.

2 | METHODS

2.1 | Patient selection and study design

This prospective multicenter cohort study included
patients with an indeterminate Bethesda III or IV thyroid
nodule undergoing Afirma GEC testing within three uni-
versity hospitals collaborating in the Dutch Thyroid
Cancer Group (Erasmus MC, Radboud UMC, UMC Gro-
ningen) between May 2016 and January 2018. Institu-
tional Review Board approval was obtained for this study
and all patients provided written informed consent
(MEC-2015-637). Patients were eligible for inclusion if
18 years or older, had a cytologically proven Bethesda III
or IV nodule without prior molecular testing on the index
nodule. Exclusion criteria were the presence of Bethesda
V or VI nodules, or pathological lymph nodes, indicative
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of thyroid malignancy. Patients were excluded if surgery
was not applicable or was already likely or planned
regardless of the FNA result (i.e., due to cosmetic rea-
sons, rapid nodule growth, mechanical symptoms,
patients request, or physician's recommendation). In the
Netherlands thyroid nodules are not primarily referred to
a university hospital. The participating university hospi-
tals were depended on referrals from peripheral non-
university hospitals. Therefore, patients could be enrolled
in two ways (Figure 1). Patients could be enrolled if they
were already diagnosed with an indeterminate nodule in
a non-university hospital (route A), but could also be
referred directly to clinically evaluate a thyroid nodule
without a cytopathological diagnosis yet (route B). In case
an FNA was performed in the referring hospital, revision
of this FNA was performed by the pathologists from the
university hospitals. All nodules were given a second
ultrasound-guided FNA in the participating university
hospitals for standard cytopathological diagnosis. Two
extra needle passes were collected into the GEC collec-
tion tube containing the nucleic acid preservative. GEC
samples were stored and shipped according to Veracyte
CLIA Laboratory procedures, after the local pathologist
(re)confirmed the Bethesda III or IV diagnosis.12 Apply-
ing eligibility criteria after FNA resulted in a cohort of
68 nodules in 66 patients (Figure 1). The decision to per-
form diagnostic surgery was made during local tumor
board meetings, based on all available clinical data
including the GEC result. Surgery was performed in the
university or referring hospital. Final histopathology was
obtained by the local pathologist. In general, thyroid

histopathology and specifically thyroid tumors with a
follicular growth pattern can pose difficulties for defini-
tive histological diagnosis.21 Therefore, all postoperative
specimens have been blindly reviewed by a panel of four
experienced pathologists (Folkert J. van Kemenade,
Francien H. van Nederveen, Adriana C. H. van Engen-
van Grunsven, and Bettien M. van Hemel) with a high
level of agreement. In case of discrepancies a consensus
meeting was held. Consensus was reached if three out of
four pathologists agreed. Patients with a malignant histo-
pathological outcome were treated according to the cur-
rent guidelines. If the decision to wait-and-see was made,
a follow-up ultrasound was recommended after 6 months
and thereafter annually for at least 5 years in the univer-
sity hospitals to reduce loss of follow-up. If the nodule
increased or changed over time, patients were offered the
possibility for new FNA and/or surgery. During the inclu-
sion period of this study, the Afirma Gene Sequencing
Classifier (GSC) was released. Therefore, the ad hoc deci-
sion was made to additionally analyze all previously col-
lected samples with the GSC and the XA version
1. However, GSC-testing was performed retrospectively
and no clinical decisions were made based on these
results. Data regarding patients' characteristics, GEC and
GSC results, and surgical, histopathological, and follow-
up findings were collected. To evaluate the surgical rate
in patients with a cytologically indeterminate thyroid
nodule, without additional GEC testing, a retrospective
chart review from January 2012 to December 2015 in the
same university hospitals was performed. Same inclusion
and exclusion criteria were applied. Patients from the

FIGURE 1 Study design
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historical cohort were adult patients with Bethesda III or
IV cytopathological diagnosis without molecular testing
on the index thyroid nodule. The same exclusion criteria
were applied.

2.2 | Outcomes

Primary outcome is the surgical rate within the first year
after diagnosis of an indeterminate nodule. We compared
the historical cohort with the prospective GEC cohort to
assess the clinical utility of the GEC on surgical rates.
Thereafter, we retrospectively assessed the possible clini-
cal utility of the GSC.

2.3 | Statistical analysis

Data were analyzed using descriptive statistics. Categori-
cal variables are displayed as count (n) and percentage
(%). Continuous variables are displayed by mean
± standard deviation (SD). Differences between groups
were evaluated with independent Student's t test or
Mann–Whitney U test and chi-square or Fisher's exact
test, where appropriate. A p-value <0.05 was considered
statistically significant and analyses were performed
using IBM SPSS Statistics version 25.0 (IBM Corp.,
Armonk, NY).

3 | RESULTS

3.1 | Characteristics of the prospective
and historical cohort

In the prospective GEC tested cohort, all patients were
enrolled by route A (Figure 1). Median time between first
and second FNA was 48.5 (range 1–319) days. In total
68 nodules in 66 patients were included, out of 109 patients
assessed for eligibility (Figure 2). Of these 29 patients were
excluded after reclassification of their FNA. Mean age was

52.5 ± 12.2 years, and 47 (71.2%) were women (Table 1).
Cytology diagnosis was Bethesda III in 27 (39.7%) and
Bethesda IV in 41 (60.3%) nodules. Oncocytic-dominant
cytology was present in 38 (55.9%) nodules. Mean nodule
size was 30.3 ± 12.5 mm. In the GEC cohort 49 (72.1%)
patients underwent surgery, of which 16 (32.7%) were
malignant on histopathology (Table 2).

A total of 171 patients were included in the historical
cohort. Mean age was 54.4 ± 14.8 years, and 117 patients
(68.4%) were women. Cytology diagnosis was Bethesda III
in 81 (47.4%) and Bethesda IV in 90 (52.6%) nodules.
Oncocytic-dominant cytology was present in 52 (30.4%) nod-
ules. Mean nodule size was 29.7 ± 15.8 mm. In this cohort
131 (76.6%) patients underwent surgery, of which 39 (29.8%)
had a malignant and 92 (70.2%) a benign lesion. Age, sex,
and cytology was similar in both cohorts. However, nodules
in the prospective cohort more often showed oncocytic fea-
tures on cytology (52 [30.4%] vs. 38 [55.9%]; p < 0.001). The
surgical rate was not statistically different between the two
cohorts (72.1% vs. 76.6%; p = 0.355). When excluding nod-
ules with oncocytic features on cytology in both cohorts, the
surgical rate in the prospective cohort is lower than the his-
torical cohort (50.0% vs. 71.4%; p = 0.026).

3.2 | GEC results

A total of 68 nodules underwent GEC analysis (Figure 3).
Of these, 18 (26%) were classified as GEC benign,
49 (72%) as GEC suspicious, and 1 (2%) as GEC parathy-
roid. In one patient, GEC was repeated, because it
resulted in a nondiagnostic outcome in the first attempt.
Patients with a GEC benign and GEC parathyroid result
were offered a wait-and-see policy with ultrasound
follow-up for 5 years. However, two (11%) patients with a
GEC benign nodule were operated within the first year
after surgery, and both were benign at histopathology.
One patient had undergone surgery out of personal pref-
erence and one patient underwent surgery because of
another GEC suspicious nodule in the same thyroid lobe.
The GEC classified 18 nodules (26%) as benign and dur-
ing follow-up (n = 16) or after surgery (n = 2) no malig-
nancies were found. Forty-nine (72%) nodules were
classified as GEC suspicious, of which 2 were scheduled
for follow-up and 47 (96%) were operated upon of which
16 (34%) had malignant disease. The GEC thus correctly
identified all 16 malignancies as suspicious (Table 3).

3.3 | Follow-up

Two patients were operated more than 1 year after diag-
nosis. One patient had a GEC suspicious nodule and wasFIGURE 2 Inclusion flowchart (*2 patients had 2 nodules)
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reluctant to undergo surgery because of fear for surgical
complications, but eventually chose to undergo surgery
in the second year of follow-up (Table S1, Supporting
Information; number 59). Another patient with a GEC
benign nodule (Table S1; number 12) chose surgery over

follow-up in the second year after diagnosis, because of
fear of cancer in the context of thyroid cancer diagnosis
in a first degree family member. Both nodules revealed a
follicular adenoma at histopathology. Median follow-up
time of all 17 unoperated patients was 65.0 (62.5–68.0)

TABLE 1 Characteristics of prospective GEC tested and historical cohort

Prospective (n = 68) Historical (n = 171) p-value

Sexa 0.744

Female 47 (71.2%) 117 (68.4%)

Male 19 (28.8%) 54 (31.6%)

Age (year) 52.5 ± 12.2 53.4 ± 14.8 0.567

Bethesda category 0.283

III 27 (39.7%) 81 (47.4%)

IV 41 (60.3%) 90 (52.6%)

Oncocytic-dominant cytology 38 (55.9%) 52 (30.4%) <0.001

Nodule size (mm) 30.3 ± 12.5 29.7 ± 15.8 0.809

Surgical treatment 49 (72.1%) 131 (76.6%) 0.355

aSixty-eight nodules in 66 patients.

TABLE 2 Histopathology results in

operated prospective GEC tested and

historical cohort

Prospective (n = 49) Historical (n = 131) p-value

Malignant 16 (32.7%) 39 (29.8%) 0.647

PTC 5 (10.2%) 26 (19.8%) 0.140

FTC 7 (14.3%) 7 (5.3%) 0.041

OC 4 (8.2%) 5 (3.8%) 0.252

MTC 0 (0.0%) 1 (0.8%) 0.544

Benign 33 (67.3%) 92 (70.2%) 0.647

OA 11 (22.4%) 14 (10.7%) 0.037

FA 12 (24.5%) 55 (42.0%) 0.038

HN 10 (20.4%) 23 (17.6%) 0.854

Abbreviations: FA, follicular adenoma; FTC, follicular thyroid carcinoma; HN, hyperplastic nodule; MTC,
medullary thyroid carcinoma; OA, oncocytic adenoma; OC, oncocytic carcinoma; PTC, papillary thyroid
carcinoma.

FIGURE 3 Flowchart GEC results

prospective cohort
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months, no patients were loss to follow-up and no clini-
cal suspicion of malignancy was encountered.

3.4 | GSC and XA results

At a later stage, all 68 samples were additionally analyzed
with the GSC (GSC results were not used in clinical deci-
sion making due to the timing). Of these, 40 (59%) were
GSC benign, 26 (38%) GSC suspicious, 1 (1.5%) GSC para-
thyroid, and 1 (1.5%) was not sufficient for analysis. The
benign call rate (BCR) was 59% and significantly higher
than the GEC BCR (59% vs. 26%; p-value <0.001). Unoper-
ated nodules with suspicious results (n = 2) and parathy-
roid results (n = 1) were excluded from Table 3, leading to
64 samples with a diagnosis of benign or malignant. The
GSC failed to classify 6 out of 16 (37.5%) malignant nodules
as suspicious and classified them benign instead. These six
malignancies were correctly classified as suspicious with
the GEC. On cytopathology, five had oncocytic-dominant
morphology. Histopathology after resection showed three
minimally invasive oncocytic carcinomas, two minimally
invasive follicular thyroid carcinomas, and one widely
invasive follicular thyroid carcinoma. In total 9 of 67 sam-
ples showed specific genomic variants and 5 fusions
(Table S1).

4 | DISCUSSION

This study assessed the clinical utility of the GEC for the
first time in a European country with restrictive diagnos-
tic work-up protocols for thyroid nodules. Incorporating
the GEC in diagnostic work-up did not influence the
overall surgical rate of indeterminate thyroid nodules
compared to a historical series from the same centers, as
72% was classified as GEC suspicious warranting further

diagnostic interventions. The updated GSC increased the
BCR reducing the surgical rate, but would have misclassi-
fied six malignant lesions as benign.

4.1 | GEC low BCR

The first GEC clinical validation study achieved 52%
specificity.12 This was confirmed in a multicenter clinical
utility study reporting a GEC BCR of 51%, meaning that
half of all indeterminate thyroid nodules were reclassified
as benign and thereby potentially reducing the number
of diagnostic surgeries.22 Later, a meta-analysis of 19 stud-
ies reported a pooled GEC BCR of 45% in 2568 indetermi-
nate thyroid nodules, ranging between 26% and 61%.23 In
the current Dutch study population, the GEC BCR was
among the lowest with 26%. As a consequence, the 72.1%
surgical rate did not differ from the historical cohort and
literature.7 We are not the first to report that institutional
rates of surgery did not change after GEC implementa-
tion.24 The lower BCR in the Dutch population might be
explained by several factors. First, the restrictive diagnos-
tic workup protocol for thyroid nodules could have
resulted in different patient populations by selection,
thereby affecting the ratio of different histological types
of thyroid nodules between populations.18,19,25 This is
also reflected by the EUROCARE-5 population-based
study, which shows that 20% of the thyroid cancers in the
Netherlands is an FTCs.26 This is higher compared to
other European countries and double the number of all
FTCs in the United States according to the SEER data-
base (10.8%),27 which is most likely due to the more
restrictive protocols in the Netherlands for thyroid nod-
ule evaluation. Another consequence of the restrictive
workup is a cohort with larger nodules than reported in
other series, as FNA is only performed in palpable and
therefore larger thyroid nodules.25 This underlines the
need for more clinical data from different populations. To
date only one European study testing the GEC has been
reported.17 This Italian single center study used the GEC
in 25 patients and found a 64% BCR, which is higher
than previously reported studies. However, the Italian
consensus for thyroid cytology uses subclasses for inde-
terminate thyroid nodules that are different from the
Bethesda categories and makes it difficult to compare
results. Also, Italy is one of the countries with the highest
burden of thyroid cancer incidence and over diagnosis
worldwide,28 which is reflected by the fact that more than
50% of all thyroid cancers are papillary thyroid microcar-
cinomas.29 Compared to Italy, the burden of microcarci-
nomas in the Netherlands is strikingly lower, as 15.7% of
the total amount of thyroid cancers between 2005 and
2015 was a microcarcinoma.19 Second, multiple studies

TABLE 3 Afirma GEC and GSC results for Bethesda III and IV

nodules

Total Malignant Benign

GEC 65

Suspicious 16 31

Benign 0 18

GSC 64

Suspicious 10 14

Benign 6 34

Note: Unoperated nodules were considered benign. Unoperated patients
with suspicious results (n = 2) and patients with parathyroid results (n = 1)

were excluded from this table. One GSC sample was not sufficient for
analysis.

2232 LONČAR ET AL.
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have demonstrated that the GEC categorizes nodules with
oncocytic-dominant morphology as GEC suspicious more
often, which leads to higher surgical rates in these
populations.30–34 In this Dutch cohort 55.9% of the patients
had a nodule with oncocytic-dominant cytology, of which
almost 90% had a suspicious GEC result and only 31%
proved to be malignant after resection. Current findings
underline the suggestion by Brauner et al. that oncocytic
neoplasms constitute a distinct molecular class of tumors,
in which genetic differentiation of benign from malignant
is not well described and remains a challenge in molecular
profiling.30 A sensitivity analysis showed that the exclusion
of oncocytic-dominant nodules in both cohorts decreased
the surgical rate in the GEC cohort to 50.0%, which is sig-
nificantly lower than the historical surgical rate. Alto-
gether, these results in general increase the concern of the
usefulness of the Afirma GEC in oncocytic lesions. The
predominance of oncocytic aspirates in the prospective
cohort could be explained by the restrictive evaluation of
thyroid nodules in the Netherlands, but might also be
explained by our study design. Some degree of bias could
have occurred as most GEC tests were performed on repeat
FNA unlike the first validation study which performed the
GEC on first FNA passes.12 Repeat FNAs could have led to
the reclassification and exclusion of more non-oncocytic
and Bethesda III lesions and therefore the concentration of
oncocytic-dominant cytology and histologically follicular
thyroid cancers and oncocytic adenomas (Table 2) in the
prospective cohort. Performing repeat FNAs in other than
Bethesda III nodules is not common practice in the
Netherlands, which explains the difference in the occur-
rence of oncocytic-dominant cytology in the prospective
and retrospective cohort. Time between first and second
FNA varied from 1 to 319 days. It could be speculated that
recurrent FNA's lead to an inflammatory response in the
target nodule influencing the GEC analyses of following
biopsies.

4.2 | GSC higher BCR, missing
malignancies

In 2017, the GSC was released with higher BCRs,
especially in nodules with oncocytic-dominant cytology.
The BCR of the GSC was higher than the BCR of the
GEC in nodules with oncocytic-dominant cytology (63.2%
vs. 22%) resulting in a decreased surgical rate (47.8%
vs. 34.7%) in two American studies.15,35 Our results con-
firm this increase in BCR from 26% to 59%. If only GSC
suspicious nodules would undergo surgery, the surgical
rate would have been reduced from 72.1% to 38.2% and
primary endpoint of the study would have been met
(38.2% vs. 76.6%, p-value <0.001). However, the GSC still

would have classified six malignant thyroid nodules as
benign in our series. All six cases were either oncocytic
carcinomas or follicular thyroid carcinomas on histopath-
ological examination, of which the widely invasive carci-
noma was a shocking finding. Although confirmed by a
panel of four experienced pathologists, we note that only
3 of 6 (50%) of the GSC false-negative cases had 100% his-
tological concordance before the consensus meeting
(Table S1) compared to 33 of 42 (79%) for the other oper-
ated cases. This trend may indicate more histological
challenges among these false-negative cases. The study
by San Martin et al. also reported false-negative results
with the GSC (1 oncocytic carcinoma and 2 follicular
variants PTCs) among 82 GSC benign cases and recom-
mended to interpret the results with caution, as the
higher BCR could imply an increased risk in
false-negative results.35 Still, our GSC findings of a
high false-negative rate overall or among oncocytic-
dominant histologies are unique among currently
published experiences.36

4.3 | Clinical perspective

The diagnostic workup of thyroid nodules is a challenge
in itself, which is confirmed by the fact that 29 of our
109 eligible patients were excluded because of reclassifi-
cation of their FNA. Over the last years, other methods
have been developed to reduce diagnostic surgeries.
Other molecular profiling panels such as the ThyroSeq v3
are designed and being validated with a published BCR
of 61% in indeterminate thyroid nodules.9 However, a
recent clinical trial randomizing indeterminate thyroid
nodules to evaluation with ThyroSeq v3 or Afirma GSC
found a low positive predicitive value of 20% with both
test in oncocytic aspirates.37 These results together with
our results highlight the need for further evaluation and
improvement of diagnostic performance of molecular
tests in oncocytic nodules. Also, other diagnostics modali-
ties are explored to improve the risk stratification of inde-
terminate thyroid nodules. The EfFECTS trial showed
that an FDG-PET/CT-driven diagnostic workup of inde-
terminate thyroid nodules reduces the number of diag-
nostic surgeries by 40%.38 Unfortunately, FDG-PET/CT
visual assessment once again did not contribute to reduc-
tion of diagnostic surgeries in patients with oncocytic
nodules. Another study also showed that FDG-PET/CT
could be used to stratify the cancer risk of thyroid
nodules with an intermediate ultrasound assessment.39

Nodules classified as EU-TIRADS 4 without FDG-PET/
CT uptake could be refrained from further investigation.
Third, the American College of Radiology and the
European Thyroid Association have developed Thyroid
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Imaging, Reporting and Data System classifications
(ACR-TIRADS and EU-TIRADS).40,41 The TIRADS classi-
fication is designed to sonographically assess the need for
FNA based of an estimated risk of malignancy. Over the
last years this system has been widely implemented in
order to improve the sensitivity of the diagnostic work-up
of thyroid nodules.

4.4 | Limitations

First, clinical decisions in this study were made using the
GEC test only. During the inclusion period of this study,
the GSC test was released and samples were post-hoc
tested using the GSC. Therefore the GSC results should
be interpreted with caution. Second, the low BCR in this
study is driven by the high rate of oncocytic aspirates, as
a consequence of performing repeat FNA, which is a lim-
itation of this study and data should be interpreted with
respect to this limitation. Third, the before after design
rather than a randomized study has limitations and can-
not correct for (hidden) confounders. Furthermore,
historical bias could have played a role, when comparing
the prospective and retrospective cohorts. However, a his-
torical cohort design was chosen to obtain enough con-
trols and to compare the surgical rate from the GEC
cohort to the surgical rate from a period without GEC. A
control cohort from the same time period could have
introduced selection bias. This study is limited by verifi-
cation bias because to date only three of the GEC benign
patients were treated surgically. However, patients are
monitored closely and to date no patient in follow-up had
an indication for thyroid surgery because of nodule
growth or malignant FNA cytology. Long-term follow-up
studies should confirm the true nature of GEC benign
thyroid nodules. That said, the question remains
how long the follow-up should be. It is hypothesized that
a 2- to 3-year follow-up is sufficient based on two studies
that investigated the malignancy detection rate of ini-
tially benign thyroid nodules on the long term.42,43 In
comparison, the median follow-up time in the current
study is 68 months and we therefore consider the GEC
benign thyroid nodules as clinically benign. Lastly, this is
a descriptive study of the clinical implementation of a
new diagnostic test. This study is not designed and there-
fore underpowered to calculated specific test parameters.

5 | CONCLUSION

The results of this study currently do not support the
implementation of the Afirma GEC in the management
of indeterminate thyroid nodules in a European country

with restrictive diagnostic workup, especially in nodules
with oncocytic morphology. Non-oncocytic aspirates
might benefit from molecular testing, but further studies
are needed to assess the clinical utility in these nodules.
Although post hoc analysis does not support the use of
the GSC test due to the false-negative results, further pro-
spective studies are needed to determine the clinical util-
ity of this test.
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