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Abstract

Background: Analysis of cytologically indeterminate thyroid nodules with Afirma Gene
Expression Classifier (GEC) and Genomic Sequencing Classifier (GSC) can reduce sur-
gical rate and increase malignancy rate of surgically resected indeterminate nodules.
Methods: Retrospective cohort analysis of all adults with cytologically indeterminate
thyroid nodules from January 2013 through December 2019. We compared surgical and
malignancy rates of those without molecular testing to those with GEC or GSC, analyzed
test performance between GEC and GSC, and identified variables associated with mo-
lecular testing.

Results: 468 indeterminate thyroid nodules were included. No molecular testing was
performed in 273, 71 had GEC, and 124 had GSC testing. Surgical rate was 68% in the
group without molecular testing, 59% in GEC, and 40% in GSC. Malignancy rate was 20%
with no molecular testing, 22% in GEC, and 39% in GSC (P = 0.022). GEC benign call rate
(BCR) was 46%; sensitivity, 100%; specificity, 61%; and positive predictive value (PPV),
28%. GSC BCR was 60%; sensitivity, 94%; specificity, 76%; and PPV, 41%. Those with
no molecular testing had larger nodule size, preoperative growth of nodules, and con-
strictive symptoms and those who underwent surgery in the no molecular testing group
had higher body mass index, constrictive symptoms, higher Thyroid Imaging Reporting
and Data System and Bethesda classifications. Type of provider was also associated with
the decision to undergo surgery.
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Conclusion: Implementation of GEC showed no effect on surgical or malignancy rate,
but GSC resulted in significantly lower surgical and higher malignancy rates. This study
provides insight into the factors that affect the real-world use of these molecular markers

preoperatively in indeterminate thyroid nodules.

Key Words: thyroid nodule, Bethesda lll, Bethesda IV, indeterminate thyroid FNA cytopathology, Afirma Gene
Expression Classifier, GEC, Afirma Genomic Sequencing Classifier, GSC

Thyroid nodules are common, affecting 65% of the popu-
lation by the age of 60 [1]. Although ultrasound-guided
fine needle aspiration (FNA) is the gold standard for evalu-
ation, 15% to 30% of thyroid nodules have indeterminate
cytology, which predicts a risk of malignancy of 10% to
40% [2,3]. When evaluating cytologically indeterminate
thyroid nodules, current guidelines recommend observation
with repeat biopsy, molecular testing, or surgical removal
for definitive diagnosis [4,5]. Molecular analysis using the
Afirma Gene Expression Classifier (GEC) and Genomic
Sequencing Classifier (GSC) are 2 of the available tests
used in the evaluation of indeterminate Bethesda System
for Reporting Thyroid Cytopathology category III and IV
thyroid nodules [4,5]. Afirma GEC became commercially
available in 2011 and measures messenger RNA expres-
sion of 167 gene patterns [6]. The next-generation GSC re-
placed GEC in 2017 and also tests for RET, BRAFV600E,
and RET/PTC1/3, in addition to the messenger RNA gene
expression. It also more accurately identifies parathyroid
and Hurthle cell lesions [7].

Implementation of GEC and subsequently GSC has
resulted in higher benign call rates (BCR) and reduced
overall surgical rates for patients with cytologically inde-
terminate thyroid nodules [7-15]. In institution-specific
analyses, Afirma GEC has reported sensitivities of 83%
to 100% [6,8-13,16-21] (Table 1), and GSC has re-
ported sensitivities of 90% to 100% [7,8,10,11,18,19]
(Table 2). Positive predictive value (PPV) improved from
16% to 57% [6,8-13,16-25] with GEC to 47% to 85%
[7,8,10,11,13,18,19,25] with GSC, and the BCR also
improved from 27% to 78% with GEC [6 8-13,15-
27] (Table 1) to 54% to 76% with GSC (Table 2)
[7,8,10,11,13,15,18,19,25].

Despite these improvements in preoperative evaluation
of indeterminate nodules, it is our experience that not all pa-
tients undergo molecular testing to aid in decision-making.
We evaluated our own institutional experience with cyto-
logically indeterminate thyroid nodules after implementa-
tion of GEC and subsequently GSC in 2 Midwest health
centers. Test performance for GEC and GSC in this cohort
was compared to previously published data. We also evalu-
ated patient and nodule characteristics of those who did
not undergo molecular testing to determine the impact of

other variables on the evaluation and management of inde-
terminate thyroid nodules.

Methods

We received Institutional Review Board approval from
both the University of Nebraska Medical Center and the
Nebraska—Western Iowa Health System Veteran’s Hospital.
We performed a retrospective cohort analysis of consecu-
tive adult patients with cytologically indeterminate thyroid
nodules at University of Nebraska Medical Center and the
Nebraska—Western Iowa Health System Veteran’s Hospital
from January 2013 through December 2019. GEC was first
available at our institutions in 2013 and replaced by GSC in
October 2017. The decision to obtain molecular testing for
cytologically indeterminate thyroid nodules was based on
joint decision-making between the provider and the patient.
Molecular testing was not reflexive or mandatory for each
patient with indeterminate thyroid nodule cytopathology
and was an individual decision. These data include all pro-
viders involved in caring for patients with indeterminate
thyroid nodules so is representative of multiple groups of
providers in the 2 institutions. We included all patients with
nodules that were biopsied from both institutions, with in-
determinate cytology (Bethesda III and Bethesda IV), with
and without molecular testing, who also had follow-up
data during the study period. Clinical and demographic
variables were assessed including age, sex, race or ethni-
city, location of residence, body mass index (BMI), thyroid
nodule characteristics, imaging characteristics, generation
of molecular testing, Bethesda cytologic category, extent
of surgery, time to surgery, histopathologic diagnosis, and
length of follow-up. Noninvasive follicular thyroid neo-
plasm with papillary-like nuclear features was included
with malignant tumors in the analysis since they require
surgical resection for definitive diagnosis. Malignancy was
defined for this cohort as carcinoma present in the index
indeterminate nodule. Incidental thyroid cancers were ex-
cluded from overall malignancy calculations.

Univariate  analysis  was  performed  using
nonparametric tests with Chi-squared, Fisher’s exact,
and Kruskal-Wallis tests for categorical variables and
Mann-Whitney U and 1-way analysis of variance
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Table 1. Performance of GEC: comparison of institutional experiences

GEC Sensitivity, % Specificity, % PPV, % NPV, % BCR, % Nodule,n Surgical rate, % Malignancy rate, %
Alexander et al [6]° 92 52 47 93 38 265 100 32
Angell et al [13]* NR NR 34 NR 47.9 486 51 31
Chaudhary et al [17] 100 15 38 100 40 158 54.4 33.7
Celik et al [26] NR NR NR NR 33.3 66 57.6 50
Endo et al [8]* 94 19 33 89 48.1 343 52.4 42
Endo et al [8]° 94 61 33 98 48.1 343 52.4 42
Gortakowski et al [18] 85.7 60.4 22.2 97 60 92 36.9 19.3
Geng et al [19] 91 28 51 79 49 167 42.5 30
Harrell et al [16] (2014)  94.4 23.5 38-57° 80-90° 34 58 63 33-51.4
Harrell et al [10] 88 32 57 NR 42 509 56 51.4
Jugetal [22] # NR NR 30.1 NR 51 207 46.3 21
Livhits et al [20]** 100 15.8 38.5 100 42.9 70 43 34.4
Lastra et al [27] NR NR NR NR 53 132 37.8 44
Mclver et al [12]" 83 10 16 75 27 60 60 17
San Martin et al [11]" 97 60 40 98.6 41 178 47.8 21.6
Sacks et al [23] NR NR 33.3 NR 371 140 451 36
Roychoudhury et al [30]Y NR NR NR NR NR 69 87 18
Kay-Rivest et al [24]° NR NR 51.51 NR 46 63 52.3 52
Newfoundland

Kay-Rivest et al [24]° NR NR 45.71 NR 55 109 40.3 48
Montreal

Wu et al [9]° 95.2 60.1 NR 93.3-100 46.2 245 52 49
Wei et al [15] NR NR 36.7 NR 45.4 194 74.5 37
Yang et al [21] 100 15.4 50.7 100 42 217 33.6 46.5
Yang et al [25] NR NR 47 88 53 49 NR NR

Abbreviations: BCR, benign call rate; GEC, Gene Expression Classifier; GSC, Genomic Sequencing Classifier; NPV, negative predictive value; NR, not reported;
PPV, positive predictive value.

?All nodules with surgical confirmation.

PAll nodules with surgical confirmation + benign GEC/GSC nodules.

‘Range accounts for cancer prevalence ranging from 33% to 51.4%.

dAfirma suspicious nodule only.

“Nondiagnostic not included.

Table 2. Performance of GSC: comparison of institutional experiences

GSC Sensitivity, % Specificity, % PPV, % NPV, % BCR, % Nodules,n Surgical rate, % Malignancy rate, %
Angell et al [13]* NR 68.3 5" NR 65.8 114 32 46
Endo et al [8]* 100 172 60° 100 76.2 164 17.6 52
Endo et al [8] 100 94> 60" 100 76.2 164 17.6 52
Harrell et al [10] 97 44 76  NR 61.2 146 31 64
Gortakowski et al [18] 100 73.7 61.5 97 78 73 20.5 61.5
Geng et al [19] 100 42 61 100 61 133 34.5 36
Kepal et al [7] 91.1 68.3 47.1*  96.1 54 191 100 24
San Martin et al [11]°  90.6 94 853> 963 67.8 121 34.7 27.6
Wei et al [15]° NR NR 57.1*  NR 66.7 78 53.8 57
Yang et al [25] NR NR 64 100 63 51 NR NR

Abbreviations: BCR, benign call rate GSC, Genomic Sequencing Classifier; NPV, negative predictive value; NR, not reported; PPV, positive predictive value.
?All nodules with surgical confirmation.
PAll nodules with surgical confirmation + benign GEC/GSC nodules.

tests for continuous variables. A Cochran Armitage  available, and reflex GSC available. Statistical analysis
nonparametric trend test was used to assess trends over  was performed using STATA version 15 (StataCorp LLC,
time for surgery and molecular testing for the timeline College Station, TX, USA). A P-value of <0.05 was con-
of no reflex molecular testing available, reflex GEC sidered statistically significant.
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Measurement of test performance for both GEC and
GSC was calculated by 2 different methods, using a priori
designations for each category using the following as-
sumptions: (1) patients with benign molecular testing were
evaluated as true negative only if surgical pathology was
available to confirm, and (2) patients with benign molecular
testing results were assumed to be true negatives if they did
not undergo surgery for definitive diagnosis. Test perform-
ance was assessed with calculation of sensitivity, specificity,
PPV, and negative predictive value (NPV) for each Bethesda
category by generation of molecular test.

Results

A total of 468 Bethesda III and IV thyroid nodules met
inclusion criteria for analysis (Fig. 1). Of the 468 nodules
analyzed, 273 did not undergo molecular testing, 71 under-
went GEC, and 124 underwent GSC testing. There were
no differences between the groups with regard to age, sex,
BMLI, race or ethnicity, and location of residence (local vs
out of town). The presence of preexisting hypothyroidism
and number of thyroid nodules was similar between
groups, but there was a significant difference in dominant
nodule size between groups with size being the smallest in
the GSC group. Nodule size in greatest dimension was sig-
nificantly larger at 2.8 = 1.4 cm in those without molecular
testing and 2.8 = 1.2 ¢m in the GEC group, compared to
2.3 = 1.0 cm in the GSC group (P = 0.0001). In addition, the
presence of constrictive symptoms was significantly higher
in those who did not undergo molecular testing (19.6%)
vs those who underwent GEC (8.2%) or GSC (6.8%)
(P = 0.0018). Imaging characteristics using both Thyroid
Imaging Reporting and Data System (TIRADS) and
American Thyroid Association (ATA) thyroid ultrasound

imaging criteria were not significantly different between
groups (TIRADS: P = 0.0767; ATA: P = 0.465). Surgical
rates were significantly different between groups, with
lowest rates occurring in the GSC group (39.5%) vs GEC
(59.2%) and no molecular testing (67.8%) (P = 0.0001).
(Table 3) The median time to surgery was longest for the
GEC group at 90 days [interquartile range (IQR) 56.5-
269 days] compared to 58 days (IQR 44-86 days) for GSC
and 44 days for the group without molecular testing (IQR
30-75 days; P = 0.0001). The proportion of patients who
underwent surgery after 180 days was also highest in the
GEC group at 34.4%, compared to 15.2% for the GSC
group and 10.6% for the group without molecular testing
(P = 0.0022) (Table 3).

In a Cochrane Armitage nonparametric time trend ana-
lysis, there was no difference in the rate of surgery over
time comparing the 3 timeframes: the timeframe without
reflex molecular testing sample collection, the timeframe
with reflex GEC, and the timeframe with reflex GSC
sample collection at the time of FNA (P = 0.0723). There
was, however, a significant increase in the rate of molecular
testing during these time periods from 20.7% to 23.5% to
74.6% respectively (P < 0.0001).

The distribution of Bethesda III atypia of undetermined
significance (AUS)/follicular neoplasm of undetermined sig-
nificance (FLUS) and Bethesda IV follicular neoplasm (FN)
and Hurthle cell neoplasm (HCN) nodules was significantly
different between the 3 groups (P = 0.0073). Sixty-seven
percent of the GSC were from the Bethesda III AUS/FLUS
group, compared to 17% from the GSC Bethesda IV FN
and 16% in the GSC Bethesda IV HCN groups. This com-
pares with the GEC group who had 60% in the Bethesda
III AUS/FLUS, 30% Bethesda IV FN, and 10% Bethesda IV
HCN groups.

Nodules Analyzed, 468

[ I

Cancer 37 (20% )

No molecular testing GEC GSC
273 (58%) 71(15%) 124 (26% )
Non diagnostic, 4 Non diagnostic, 3
Surgery 185 ( 68% )
J Benign 33 (46% ) Suspicious 34 ( 48% ) Benign 75 ( 60% ) Suspicious 46 (37% )

[ I I

Surgery 10 (30% )

Surgery 30 (88% )

Surgery 6 (8% ) Surgery 41 ( 89% )

L Cancer0(0) L

Cancer 8 (27% ) |— Cancer1(17%) LCancer 17 (41%)

Figure 1. Flow chart demonstrating distribution of the indeterminate thyroid nodules, surgical and malignancy rates.
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Table 3. Demographics and clinicopathologic features of those with and without molecular testing

No molecular Molecular testing Molecular testing P-value
testing (n = 273) GEC (n=71) GSC (n = 124)
Age in years 5.9+14.9 554 +16.7 56.17 £15.7 0.434
Female 202 (74) 45 (63) 85 (69) 0.502
BMI, kg/m2 30.3 £6.9 30.5 6.3 31.1 6.9 0.566
Race 0.3109
White 229/273 (83.9) 62/71 (87.3) 111/124 (89.5)
Black 291273 (10.6) 4/71 (5.6) 9/124 (7.3)
Hispanic 3/273 (1.1) 0/71 (0) 1/124 (0.8)
Asian 5273 (1.8 2/71 (2.8) 2/124 (1.6)
Other 71273 (2.6) 3/72 (4.2) 1/124 (0.8)
Location of residence, local 146/273 (54.5) 37171 (52.1) 71/124 (57.3) 0.7238
Clinical characteristics
Preexisting hypothyroidism 12/71 (16.9) 16/124 (12.9) 0.6667
Nodules 22+1.2 21=1.5 2.1+1.0 0.178
Nodule size, cm 28=+1.4 2.8=1.2 23+1.0 0.0001
Increased growth prior to biopsy 781221 (35.3) 14/54 (25.9) 24/113 (21.2) 0.0235
Constrictive symptoms 46/235 (19.6) S/61 (8.2) 8/118 (6.8) 0.0018
Imaging characteristics
TIRADS 0.0767
1 1/238 (0.4) 0/56 (0) 0/113 (0)
2 8/238 (3.4) 3/56 (5.4) 5/113 (4.4)
3 76/238 (31.9) 24/56 (42.9) 28/113 (24.8)
4 124/238 (52.1) 23/56 (41.1) 62/113 (54.9)
5 29/238 (12.2) 6/56 (10.7) 18/113 (15.9)
ATA 0.465
Very low 3/238(1.3) 0/56 (0) 4/113 (3.5)
Low 86/238 (36.1) 26/56 (46.4) 36/113 (31.9)
Intermediate 114/238 (47.9) 23/56 (41.1) 54/114 (47.8)
High 35/238 (14.7) 7156 (12.5) 19/113 (16.8)
Hypoechoic 151/237 (63.7) 30/56 (53.8) 69/111 (62.2) 0.3724
Calcifications 67/241 (27.8) 12/56 (21.4) 36/113 (31.9) 0.3622
Cytopathology characteristics 0.0073
Bethesda
111, AUS/FLUS 126 (46 ) 43 (60) 3(67)
IV, FN 115 (42.1) 21 (30) 1(17)
IV, HCN 32 (12) 7(10) 20 (16)
Underwent surgery 185/273 (67.8) 42/71 (59.2) 49/124 (39.5) 0.0001
Time to surgery, days 44 (30-75) 90 (56.5-269) 58 (44-86) 0.0001
Time to surgery >180 days 18 (10.6) 1(34.4) 7 (15.2) 0.0022

Data are given as mean = SD, n or n/N (%), or median (interquartile range). Bolded P-value indicates significance <0.0S5.

Abbreviations: ATA, American Thyroid Association; AUS, atypia of undetermined significance; BMI, body mass index; FLUS, follicular neoplasm of undetermined

significance; FN, follicular neoplasm; GEC, Gene Expression Classifier; GSC, Genomic Sequencing Classifier; HCN, Hurthle cell neoplasm; TIRADS, Thyroid

Imaging Reporting and Data System.

When evaluating only the group that did not undergo

different (P = 0.027). In the surgery group, 61.8% were

molecular testing, those who underwent surgery had a
significantly higher BMI (P = 0.019) and the presence of
constrictive symptoms (P = 0.022). They also had nodules
with higher TIRADS scores: 54.9% of the surgery group
had a nodule with TIRADS 4 and 13.6% had a TIRADS 5
nodule, compared to 46.1% TIRADS 4 and 9.2% TIRADS
5 nodules in the no-surgery group (P = 0.0353). The type
of provider evaluating the nodule was also significantly

seen by a surgeon, compared to 37.4% of the no-surgery
group (Table 4).

Reasons for not undergoing molecular testing in our
cohort of 273 people were also evaluated. Fifty-six per-
cent (153/273) were recommended surgery and not offered
molecular testing by the treating physician, 32% (87/273)
were offered testing but declined, and 12% (33/273) had no
data. Of the 87 who were offered molecular testing, 54 %
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(47/87) preferred surgery for other reasons including con-
current Graves’ disease, concurrent hyperparathyroidism,
growth of nodule, constrictive symptoms, and anxiety/
worry about undiagnosed cancers. Seven percent (6/87)
had concurrent, nonthyroid cancers, 8% (7/87) had HCNs
on FNA and opted not to undergo testing (during the GEC
testing when there was a known high false-positive rate),
11% (10/87) required a second biopsy to do testing and
declined, 3% (3/87) felt the cost of molecular testing was
prohibitive, and 16% (14/87) opted for second FNA rather
than molecular testing and repeat FNA was benign, hence
eliminating the need for molecular testing.

Overall, BCR was not significantly different between
groups with GEC at 46% and GSC 60% (P = 0.7855)
(Table 5). Surgical rates overall were significantly different
between groups, with GSC having the lowest rates at 40%
(P < 0.001). However, for Bethesda III AUS/FLUS nodules
specifically, surgical rates were not different (P = 0.2959).
There was a significant reduction in surgical rate in the
Bethesda IV FN group with 79% for those without
molecular testing, 62% for GEC, and 33% for GSC
(P < 0.0001). For nodules with Bethesda IV HCN cytology,
surgical rates were 81% in those without molecular testing,
86% with GEC, and 30% with GSC (P < 0.0005) (Table 6).

Table 4. Demographics and clinicopathologic features of those without molecular testing who did and did not undergo

surgery
No surgery (n = 88) Surgery (n = 185) P-value
Age in years 57.7 = 16.0 53.6 = 14.2 0.199
Race 0.086
White 69/88 (78.4) 160/185 (86.5)
Black 12/88 (13.6) 17/185 (9.2)
Hispanic 1/88 (1.1) 2/185 (1.1)
Asian 3/88 (3.4) 2/185 (1.1)
Other 3/88 (3.4) 4/185 (2.2)
Female 65/88 (73.9) 137/185 (74.1) 0.9734
BMI, kg/m* 28.3+5.8 31.2+72 0.019
Location of residence, local 54/88 (61.4) 92/185 (49.7) 0.072
Preexisting hypothyroidism 11/82 (13.4) 23/181 (12.7) 0.874
Nodules 24+13 21=1.2 0.298
Max size of nodule cm 246=+1.3 2.96 + 1.5 0.103
Increased growth prior to biopsy 22/53 (41.5) 56/168 (33.3) 0.277
Cytology result 0.0001
AUS/FLUS 58/88 (65.9) 68.185 (36.8)
FN 24/88 (27.3) 91/185 (49.2)
HCN 6/88 (6.8) 26/185 (14.1)
Constrictive symptoms 7168 (10.3) 39/167 (23.4) 0.022
TIRADS 0.0353
1 0/76 (0) 1/162 (0.6)
2 5176 (6.6) 3/162 (1.9)
3 29/76 (38.2) 47/162 (29.0)
4 35/76 (46.1) 89/162 (54.9)
5 7176 (9.2) 22/162 (13.6)
ATA 0.0912
Very low 2/76 (2.6) 1/162(0.6)
Low 32/76 (42.1) 54/162 (33.3)
Intermediate 33/76 (43.4) 81/162 (50)
High 9/76 (11.8) 26/162 (16.1)
Hypoechogenicity 47176 (61.8) 104/161 (64.6) 0.681
Calcifications 20/78 (25.6) 47/163 (28.8) 0.605
Type of provider 0.027

Endocrine 34/83 (40.96)
Surgeon 31/83 (37.4)
Other 18/83 (21.7)

60/170 (35.3)
105/170 (61.8)
5/170 (2.9)

Data are given as mean = SD or n/N (%). Bolded P-value indicates significance <0.05.

Abbreviations: ATA, American Thyroid Association; AUS, atypia of undetermined significance; BMI, body mass index; FLUS, follicular neoplasm of undetermined

significance; FN, follicular neoplasm; HCN, Hurthle cell neoplasm; TIRADS, Thyroid Imaging Reporting and Data System.
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When analyzing only those with benign molecular
testing, surgical rates were lower in the GSC group at 8%,
as compared to GEC at 30% (P < 0.001). Conversely, when
evaluating nodules with suspicious molecular testing, sur-
gical rates were 88% and 89%, respectively, for GEC and
GSC (P = 0.853) (Fig. 1).

Overall malignancy rates were highest in the GSC group
at 39%, compared to 20% and 22% in the no-molecular-
testing and GEC groups, respectively (P = 0.0222) (Table
7). When evaluating malignancy rates by individual
Bethesda categories, Bethesda III AUS/FLUS was the only
category with significant differences: 15% malignancy rate
in the no-molecular-testing group, GEC 26%, and GSC
39% (P = 0.0217). Malignancy rates were not significantly
different within the Bethesda IV groups (Table 7) In the
nodules with suspicious molecular testing that underwent

Table 5. Benign call rate

surgery, 8 (27%) of GEC and 17 (42%) of GSC had cancer
in the index nodule (P = 0.0222) (Fig. 1). There were only
4 cases of noninvasive follicular thyroid neoplasm with
papillary-like nuclear features in this cohort; 3 did not have
molecular testing, and the fourth had GSC with a suspi-
cious result. Incidental thyroid cancer found on histopath-
ology outside of the index indeterminate nodule was noted
in 9%, although these did not contribute to malignancy
rate calculations for analysis of test performance.

For Bethesda IV HCN nodules specifically, the BCR was
significantly different: BCR was 1/7 (14.3%) for GEC and
13/20 (65%) for GSC (P = 0.0254) (Table 5) Surgical rates
were highest for the no-molecular-testing group at 81% as
compared to GEC at 86% and GSC at 30% (P = 0.0005)
(Table 6). Malignancy rates were 12% for those without
molecular testing, compared to 0% with GEC and 33%

GEC GSC P-value
Overall 33/71 (46) 75/124 (60) 0.7855
Bethesda
111, AUS/FLUS 21/43 (49) 50/83 (60) 0.544
IV, FN 11/21 (52) 12/21 (57) 0.451
IV, HCN 1/7 (14) 13/20 (65) 0.0254

Data are given as n (%). Bolded P-value indicates significance <0.05.

Abbreviations: AUS, atypia of undetermined significance; FLUS, follicular neoplasm of undetermined significance; FN, follicular neoplasm; GEC, Gene Expression

Classifier; GSC, Genomic Sequencing Classifier; HCN, Hurthle cell neoplasm.

Table 6. Surgical rates

Molecular testing not performed GEC GSC P-value

Overall 185/273 (68) 42/71 (59) 49/124(40) 0.0001
Bethesda

111, AUS/FLUS 68/126 (54) 23/43 (53) 36/83 (43) 0.2959

IV, FN 91/115 (79) 13/21 (62) 7121 (33) 0.0001

IV, HCN 26/32 (81) 6/7 (86) 6/20 (30) 0.0005

Data are given as n (%). Bolded P-value indicates significance <0.05.

Abbreviations: AUS, atypia of undetermined significance; FLUS, follicular neoplasm of undetermined significance; FN, follicular neoplasm; GEC, Gene Expression

Classifier; GSC, Genomic Sequencing Classifier; HCN, Hurthle cell neoplasm.

Table 7. Malignancy rates

Molecular testing not performed GEC GSC P-value

Overall 37/185 (20) 9/41 (22) 19/49 (39) 0.0222
Bethesda

111, AUS/FLUS 10/68 (15) 6123 (26) 14/36 (39) 0.0217

IV, FN 24/9 1 (26) 3/12 (25) 3/7 (43) 0.6322

IV, HCN 3/26 (12) 0/6 (0) 2/6 (33) 0.2204

Data are given as n (%). Bolded P-value indicates significance <0.05.

Abbreviations: AUS, atypia of undetermined significance; FLUS, follicular neoplasm of undetermined significance; FN, follicular neoplasm; GEC, Gene Expression

Classifier; GSC, Genomic Sequencing Classifier; HCN, Hurthle cell neoplasm.
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with GSC (P = 0.2204) (Table 7). None of the resected
HCN nodules were malignant in the GEC group.

Measurements of test performance were calculated for
both GEC and GSC. We calculated performance using 2
different methods. First, we included only the surgically
resected nodules. Using this definition, GEC sensitivity
was 100%; specificity, 32%; PPV, 28%; and NPV, 100%.
This compares to GSC with a sensitivity of 94%; spe-
cificity, 17%; PPV, 41%; and NPV, 83% (Table 8). The
second method included both surgically resected nodules
and unresected GEC or GSC benign nodules as true nega-
tives. Using this definition, GEC sensitivity was 100%;
specificity, 61%; PPV, 28%; and NPV, 100%. GSC sen-
sitivity was 94%; specificity, 76 %; PPV, 41%; and NPV,
97% (Table 9).

Test performance for GEC and GSC was also measured
for each Bethesda category (Tables 8 and 9). Due to the
small number of Hurthle cell lesions, performance meas-
ures were not calculated.

Discussion

We report Afirma GEC and GSC use in cytologically in-
determinate thyroid nodules in 2 Midwest academic insti-
tutions. We evaluated BCR and surgical and malignancy
rates, as well as sensitivity, specificity, PPV, and NPV and
found our experience to be similar to multiple previously
published institutional experience studies [6-13,15,17-
22,24-27] (Tables 1 and 2).

Over the last decade, there have been progressive im-
provements to commercially available molecular tests for
cytologically indeterminate thyroid nodules. Surgical rates
were reported as 34% to 87% for GEC and reduced to
18% to 54% with GSC [7-13,15,16,17-19,21-24,26,27].
In our cohort, surgical rate for indeterminate nodules
without molecular testing was 68%, and implementation
of GEC did not significantly reduce this. Only after imple-
mentation of GSC was the rate of surgery significantly re-
duced to 40%. This is similar to the results published by
Sacks et al, where overall surgical rate was similar for those

Table 8. Performance of GEC and GSC: all nodules with surgical confirmation

Sensitivity Specificity PPV NPV BCR
GEC
All nodules 100 32 28 100 46
Bethesda nodules
1 100 29 33 100 49
IV, FN 100 44 29 100 52
GSC
All nodules 94 17 41 83 60
Bethesda nodules
1 92 19 43 80 60
IV, FN 100 0 43 0 57

Data given as %.

Abbreviations: BCR, benign call rate; FN, follicular neoplasm; GEC, Gene Expression Classifier; GSC, Genomic Sequencing Classifier; NPV, negative predictive

value; PPV, positive predictive value.

Table 9. Performance of GEC and GSC: all nodules with surgical confirmation + benign GEC/GSC nodules

Sensitivity Specificity PPV NPV BCR
GEC
All nodules 100 61 28 100 46
Bethesda nodules
11I 100 64 33 100 49
IV, FN 100 69 29 100 52
GSC
All nodules 94 76 41 97 60
Bethesda nodules
111 93 74 43 98 60
1V, FN 100 75 43 100 57

Data given as %.

Abbreviations: BCR, benign call rate; FN, follicular neoplasm; GEC, Gene Expression Classifier; GSC, Genomic Sequencing Classifier; NPV, negative predictive

value; PPV, positive predictive value.
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without molecular testing at 43.5%, compared to 46.5%
for those with GEC [23]. We captured follow-up data and
included all patients who underwent surgery at a later date
with records available at our institution. We had a mean
follow-up of 20.6 months (SD = 12), minimizing the possi-
bility of missed surgeries within 2 years of biopsy so we do
not believe this was a falsely low estimate of total number
of surgeries. Additionally, time to surgery was the highest
with GEC and the lowest for no molecular testing. When
GEC testing was offered at our institutions, it initially re-
quired a second biopsy, which could explain the time to
surgery. Once we implemented sample collection at the
time of initial FNA with reflex testing for indeterminate cy-
tology, time to surgery was reduced. We also captured those
who had surgery during follow up >180 days after biopsy.
GEC had the highest proportion of patients (34.4%) who
had surgery >180 days after biopsy compared to 15.2%
and 10.6% of the GSC and no-molecular-testing groups,
respectively. Data for time to surgery for benign GEC re-
sult are available for 8 of the 10 patients with a median of
312 days (IQR 158.5-778 days) and a mean of 488 days
(SD = 478). Nodule growth characteristics were available
for 6 of these patients with median growth of 0.55 cm (IQR
0.3-0.6 cm) and mean of 0.62 cm (SD = 0.46).

This difference between GEC and GSC could be attrib-
uted to decreased time for overall follow-up, or it could be
due to improved performance of the test.

When assessing the surgical rate by Bethesda category in
our cohort, Bethesda III surgical rates were not significantly
different between those without molecular testing and those
with GEC or GSC. For patients with Bethesda IV nodules,
however, surgical rate significantly declined progressively
from those without molecular testing to GEC and further
to GSC, indicating GSC does have a significant impact on
surgical rate reduction. This was also true for Bethesda IV
HCN groups, consistent with previous studies reporting
improved BCR in Hurthle cell lesions.[7,10,11,13,16].

The malignancy rates and test performance in our co-
hort are similar to previously published data. Our malig-
nancy rate is 20% for those without molecular testing,
22% for those with GEC, and 39% for those with GSC.
These are comparable to San Martin et al’s malignancy
prevalence of 22% in GEC and 28% in GSC [11]. When
assessing test performance, our findings of high sensitivity
and NPV are also comparable to previously published data
[7-13,15,16]. The GSC has been reported as higher speci-
ficity and higher PPV compared to GEC.[7,8,10,11,13]. In
our study, this finding was replicated with improvement of
specificity from GEC to GSC from 61% to 76% and PPV
from 28% to 41% when using all nodules. For those with
surgical confirmation, the performance was not as robust,
with GEC vs GSC specificity 32% vs 17% and PPV 28%

vs 41%. Other studies have shown PPV of 16% to 57% for
GEC and 47% to 85% for GSC [6-8,10-13,15-25]. Our
GEC and GSC PPV is comparable to other previously pub-
lished institutional analyses. (Tables 1 and 2) In our study,
NPV was 100% for GEC, but 83% for GSC when only
evaluating those with surgical confirmation. There were
only 7 people in the GSC group, and 1 had cancer. The low
numbers in this group likely contribute to the low NPV in
this study, which is lower than previously published studies.
NPV is higher at 99% in our cohort when including benign
GSC nodules without surgical confirmation.

In addition to evaluating cytologically indeterminate
thyroid nodules with Afirma GEC or GSC testing, we also
looked at those with indeterminate thyroid nodules who
did not undergo molecular testing. Not surprisingly, pa-
tients who did not undergo molecular testing had signifi-
cantly larger nodule size, growth of the nodule prior to
biopsy, and constrictive symptoms. All these factors likely
influenced the joint patient/provider decision to forego pre-
operative molecular testing and proceed straight to surgery.
Those without molecular testing had significantly higher
rates of surgery. Ultrasound characteristics evaluated by
both TIRADS and ATA sonographic risk of malignancy
criteria were not different between groups overall, and
specifically echogenicity and presence of calcifications was
also not significantly different. However, it should be noted
that many of the years included in this retrospective study
were prior to the current ATA thyroid nodule guidelines
that first recommended consideration of molecular testing
in indeterminate thyroid nodules [4]. We also did not find
significant differences between Bethesda categories in those
who did and did not undergo molecular testing. This is in
contrast to Lee et al [28] who explored patient preferences
for molecular testing of indeterminate thyroid nodules and
reported a higher number of patients with Bethesda IV cy-
tology or high-risk ultrasound features opted for molecular
testing, which was not seen in our study. Time trend ana-
lysis showed there was no difference in the rate of surgery
over the 3 different time frames in our analysis: prereflex
molecular testing, reflex GEC, and reflex GSC testing.
However, there was a significant increase in the rate of mo-
lecular testing overall during these time fames, indicating
molecular testing became more acceptable and common-
place over time.

To better understand the decision-making regarding
molecular testing and surgery, we also evaluated the dif-
ferences between those without molecular testing who did
and did not undergo surgery. Unlike the comparison be-
tween groups for or against molecular testing, among those
who did not undergo molecular testing, there was a differ-
ence between those who underwent surgery and those who
did not regarding ultrasound TIRADS score and cytology.
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Those who underwent surgery had higher TIRADS scores
and were more likely to have Bethesda IV (FN or HCN)
cytologic diagnosis. Type of provider was also a significant
predictor of surgery. If a person with an indeterminate thy-
roid nodule was seen by an endocrinologist, 41% did not
undergo surgery and 35% did undergo surgery. If seen by
a surgeon, 62% underwent surgery compared to 37% who
did not, and if seen by providers other than an endocrin-
ologist or surgeon, they were more likely to avoid surgery.
Depending on the location, patients have variable access
to different types of providers. Provider familiarity with
guidelines, available testing, and interpretation of testing
can vary widely among providers and likely have a much
larger impact on decision-making regarding molecular
testing in indeterminate thyroid nodules than has been pre-
viously evaluated.

One of the limitations of this study is the retrospective
methodology. We reviewed all ultrasounds and sonographic
characteristics as well as clinical notes to determine reasons
for or against molecular testing, but some had missing data.
When evaluating these factors, there was no apparent dif-
ference between those who did not have molecular testing
and those who had GEC or GSC in regards to pr biopsy
sonographic characteristics, Bethesda cytology classifica-
tion or demographic characteristics including age, sex, BMI,
race, and distance from the treating facility. This makes it
less likely that selection of lower risk nodules for molecular
testing reduced the PPV and specificity in our study.

Another limitation of this study is the inability to for-
mally characterize patients with benign molecular testing
who did not undergo surgery for confirmation of benignity.
Up to a 6% false-negative rate has been reported in those
with benign molecular testing, discovered by changes on
serial ultrasound assessment longitudinally [29]. However,
this is a limitation of all retrospective indeterminate thyroid
FNA molecular studies, given surgery is avoided in all those
with benign molecular test results.

Conclusions

Surgical rates in patients with cytologically indeterminate
thyroid nodules without molecular testing and those with
Afirma GEC were not significantly different in our cohort.
Only those with Afirma GSC testing had a significant re-
duction in surgical rates and increase in malignancy rates
after implementation of testing. Sensitivity and NPV were
high for both GEC and GSC. Those who do not undergo
molecular testing of thyroid nodule more commonly have
larger nodule size, growth of thyroid nodule, and con-
strictive symptoms. In patients who did not undergo mo-
lecular testing, those that underwent surgery had overall

higher BMI, constrictive symptoms, higher TIRADS score
on ultrasound imaging, and higher Bethesda classification.
In those without molecular testing, if patients had seen a
surgeon, they were more likely to undergo surgery, as com-
pared to patients seeing an endocrinologist or other pro-
vider. Further studies are needed to understand the practical
application of these molecular markers preoperatively in
cytologically indeterminate thyroid nodules as not all pa-
tients opt for the use molecular testing for further evalu-
ation in this clinical scenario.
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