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Abstract

Background: ' F-Fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (PET/CT) positive (PET+) cytologically indeterminate thy-
roid nodules (ITNs) have variable cancer risk in the literature. The benign call rate
(BCR) of Afirma Gene Classifier (Gene Expression Classifier, GEC, or Genome
Sequence Classifier, GSC) in (PET +) ITNs is unknown.

Methods: This is a retrospective study at our institution of all patients with (PET+)
ITNs (Bethesda III/IV) from 1 January 2010 to 21 May 2019 who underwent Afirma
testing and/or surgery or repeat FNA with benign cytology.

Results: Forty-five (PET+) ITNs were identified: 31 Afirma-tested (GEC = 20,
GSC = 11) and 14 either underwent surgery (n = 13) or repeat FNA (Benign cytol-
ogy) (n = 1) without Afirma. The prevalence of cancer and noninvasive follicular thy-
roid neoplasm with papillary-like nuclear features (NIFTP) including only resected
nodules and ITN with repeat benign FNA (n = 33) was 36.4% (12/33). Excluding
all Afirma “suspicious” non-resected ITNs and assuming all Afirma “benign” ITNs
were truly benign, that prevalence was 28.6% (12/42). The BCR with GSC was 64%
compared to 25% with GEC (p = 0.056). Combining GSC/GEC-tested ITNs, the
BCR was higher in ITNs demonstrating low/very low-risk sonographic pattern by
the American Thyroid Association (ATA) classification and ITNs scoring <4 by the
American College of Radiology Thyroid Imaging, Reporting and Data System (ACR-
TI-RADS) than ITNs with higher sonographic pattern/score (p = 0.025).
Conclusions: The prevalence of cancer/NIFTP in (PET+) ITNs was 28.6-36.4% de-
pending on the method of calculation. The BCR of Afirma GSC was 64%. Combining
Afirma GEC/GSC-tested ITNs, BCR was higher in ITNs with a lower risk sono-
graphic pattern.
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1 | INTRODUCTION

Cytologically indeterminate thyroid nodules (ITNs), those
classified as the Bethesda III/IV categories, pose a manage-
ment challenge to physicians and patients. The risk of malig-
nancy in these nodules is variable but is typically 15-30%." To
avoid diagnostic surgery for what are ultimately benign ITNs,
molecular diagnostic tests such as Afirma,>? ThyroSeq,“’6
and ThyGeNEXT/ThyraMIR7 have been developed.

The risk of cancer in FDG-positive nodules on PET/CT
scans is estimated at 35%.® However, the malignancy risk in
FDG PET-positive (PET-pos) nodules that are ITNs by cy-
tology is highly variable in the literature, ranging from O to
62%.’ The performance of molecular diagnostic tests in ITNs
that are FDG-positive on PET has not been reported. In this
retrospective study, we sought to evaluate the prevalence of
cancer in PET-positive ITNs and the benign call rate of the
Afirma test in these patients at a single institution.

2 | METHODS

Clinical Data: This is a retrospective cohort study conducted
at our institution that was approved by its Institutional Review
Board. We queried the medical records from 1 January 2010
to 21 May 2019 and included in our cohort all patients who
had FDG PET/CT studies that revealed a focal hypermetabolic
thyroid nodule (regardless of SUV) within a year preceding an
available fine needle aspiration biopsy of the same nodule clas-
sified as Bethesda III or IV on cytology. We further collected
results of Afirma testing when performed, either by Afirma
GEC (Dec 2011-July 2017) or GSC (July 2017-May 2019).
The decision of whether to send samples for Afirma testing,
versus surgery or observation was based on the clinical judg-
ment of the treating physicians and patient preference. The
FNA samples for cytology and molecular testing were obtained
with a 23-, 25-, or 27-gauge needle under ultrasound guidance.
The molecular specimens were stored in a —60° celsius freezer.
All samples were shipped at a temperature of —17° to —4° cel-
sius to Veracyte, Inc. in South San Francisco, CA for testing.
In those patients who underwent surgery, histopathology was
examined by pathologists specializing in head and neck pathol-
ogy. Noninvasive follicular thyroid neoplasm with papillary-
like nuclear features (NIFTP) was classified as “malignant”
due to the current recommendations for management with
hemithyroidectomy.lo Two endocrinologists retrospectively
reviewed the ultrasound images of the nodules when available
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and classified them according to the ATA ultrasound stratifica-
tion system'' and ACR-TI-RADS.?

Statistical Methods: Fisher's exact test was used to com-
pare proportions and Wilson score method was used to com-
pute 95% confidence intervals (Cls) for proportions. Mean
ages were compared using a two-sample 7-test; medians of
size and volume of the nodules, and SUV max were compared
using Wilcoxon test. Level of significance was set at 0.05.

3 | RESULTS

3.1 | Characteristics of nodules

Review of records revealed 52 FDG-avid ITNs. Seven nodules
were excluded because they did not undergo Afirma testing,
repeat FNA (that yielded benign or malignant cytology), or sur-
gery. The remaining 45 nodules (from 44 unique patients) were
included in this analysis and consisted of those that underwent
Afirma GSC (n = 11), Afirma GEC (n = 20), and those who
either went to surgery without Afirma testing (n = 13) or had a
repeat FNA that yielded benign or malignant cytology (n = 1)
without Afirma testing. The mean patient age was 56 years and
44% were women. The median nodule size was 1.5 cm (IQR:
1.2-2.2), median nodule volume was 1.1 cm® (IQR: 0.4-3.0).
Fifty-one percent of nodules (n = 23) were Bethesda III cytol-
ogy and 49% were Bethesda IV cytology (n = 22). Forty-two
percent had Hiirthle cell changes (among Bethesda III or IV
nodules). For ultrasound classification, due to the small number
of nodules, we considered ATA intermediate and high-risk so-
nographic categories as one group (78%) and low and very low
risk (18%) as another group. Similarly, the nodules were segre-
gated by their ACR-TI-RADS score; those with a score of >4
(80%) were considered one group and those with a score of <4
(16%) as another group. Table 1 summarizes these characteris-
tics and includes separately the characteristics of nodules that
underwent Afirma GEC and GSC testing as well as nodules
that underwent surgery or repeat FNA with benign or malig-
nancy cytology without Afirma testing.

3.2 | Prevalence of thyroid
cancer and NIFTP

We calculated the prevalence of malignancy first by in-
cluding only patients with a histological diagnosis (n = 32)
or a repeat FNA cytology that yielded either benign or
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malignant cytology (rn = 1) (total number = 33) and this was
12/33 = 36.4% (95% CI: 22.2-53.4%). We then calculated
the prevalence of malignancy assuming all Afirma benign
ITNs were truly benign (n = 42) and the prevalence was
28.6% (95% CI 17.2-43.6%). There were no statistically sig-
nificant associations between prevalence of cancer and age,
gender, SUVmax, Bethesda III versus IV cytology, presence
of Hiirthle cell changes, sonographic appearance (by TI-
RADS and ATA), or size of nodules.

The histology of malignant/NIFTP nodules included:
four classic papillary thyroid cancer (PTC), one Hiirthle
cell variant PTC, three follicular variant PTC, one follic-
ular thyroid cancer (FTC), one Hiirthle cell thyroid can-
cer (HCTC), and two NIFTP. The prevalence of cancer in
Afirma GEC suspicious nodules was higher (31.5%) than
Afirma GSC suspicious nodules (11%) but this difference
was not statistically significant (»p = 0.371) and only two
out of four suspicious Afirma GSC nodules went to surgery,
one of which was malignant on histology (Figures 1 and 2).
The prevalence of cancer in nodules that were surgically
excised without Afirma testing was 38% (5/13). Indications

for surgery in these 13 nodules (in 12 patients as two nod-
ules were seen in one patient) included: patient preference
in six, increase in size of nodule in one, diagnosis of thyroid
cancer in one patient by a positive lymph node biopsy (yet
the PET-positive thyroid nodule itself was benign and pa-
tient had multifocal micro PTC elsewhere in thyroid), and
the reason for surgery was not clearly stated in the remain-
ing four patients.

3.3 | Benign call rate, specificity, and PPV in
PET-pos ITNs that underwent Afirma testing

The benign call rate (BCR) in Afirma GEC versus Afirma
GSC PET-pos ITNs was 25% versus 64% (p = 0.056)
(Table 2). Combining Afirma GEC and GSC, there were 12
benign Afirma nodules: seven with GSC and five with GEC.
Three out of these 12 nodules (one GSC and two GEC) under-
went surgery, all with benign pathology. The mean follow-up
of the remaining nine unoperated nodules was 16.8 months
without changes in size or sonographic appearance.

GEC No Afirma TABLE 1 Ch.a.racteristics‘of nodules.
Characteristic All(n=45)  (n=20) GSCm=11) (n=14) fjd::e)r?nfgei‘:ﬁslvez 3’:2‘)icrilllged
Age, mean (SD) 55.9 (12.9) 54.3 (12.9) 61.7 (11.1) 53.7 (13.6) Seven did not undergo Afirma testing nor
years underwent surgery or repeat FNA that
Gender, female 20 (44.4%) 11 (55.0%) 3 (27.3%) 6 (42.9%) yielded malignant or benign cytology and
Nodule size (cm), 1.5(1.2,22 1.7(1.2,2.3) 1.5(1.3,2.3) 1.3 (1.1, 1.9 were excluded leaving 45 nodules for
median (IQR) analysis: 20 underwent Afirma GEC testing,
Nodule volume 1.1(04,3.0° 13(06,32) 09(04,42)  0.8(03,2.4) 11 underwent Afirma GSC testing, and 14
(cm®), median underwent surgery (n = 13) without Afirma
(IQR) testing or repeat FNA biopsy that was
ATA sonographic risk benign cytologically (n = 1)
Very low/low 8 (17.8%) 3 (15.0%) 3(27.3%) 2 (14.3%)
Intermediate/high 35 (77.8%) 16 (80.0%) 8 (72.7%) 11 (78.6%)
Unknown 2 (4.4%) 1(5.0%) 0 (0%) 1(7.1%)
ACR-TI-RADS score
<4 7 (15.6%) 3 (15.0%) 3(27.3%) 1(7.1%)
4-5 36 (80%) 16 (80.0%) 8 (72.7%) 12 (85.7%)
Unknown 2 (4.4%) 1(5.0%) 0 (0%) 1(7.1%)
Bethesda III nodules 23 (51.1%) 11 (55.0%) 6 (54.6%) 6 (42.9%)
AUS 14 31.1%) 5(25.0%) 4 (36.4%) 5(35.7%)
FLUS 9 (20%) 6 (30.0%) 2 (18.2%) 1(7.1%)
Bethesda IV nodules 22 (48.9%) 9 (45.0%) 5 (45.5%) 8 (57.1%)
HCN/SHN 13 (28.9%) 5(25.0%) 1(9.1%) 7 (50%)
SEN 9 (20%) 4 (20.0%) 4 (36.4%) 1 (7.1%)
Hiirthle cell changes 19 (42.2%) 6 (30.0%) 5(45.5%) 8 (57.1%)
SUVmax, median 7 (5.3, 10.9) 6.3 (4.4,7.9) 7.4(6.2,24.00 7.2(4.9,11.9)

(QR)

1 missing.
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FIGURE 1 Summary of Afirma gene expression classifier (GEC) cytologically indeterminate thyroid nodules stratified by specific cytological

diagnosis: (AUS: Atypical of undetermined significance, FLUS: Follicular lesion of undetermined significance, SFN: suspicious for follicular

neoplasm, SHN: suspicious for Hiirthle cell neoplasm) and GEC result (benign vs. suspicious) and histopathological diagnosis when available
(PTC: papillary thyroid cancer, FTC: follicular thyroid cancer, NIFTP: Noninvasive Follicular Thyroid Neoplasm With Papillary-Like Nuclear

Features), HCTC: Hiirthle cell thyroid cancer

GSC Benign
yd n=5
AUS/FLUS |~
4
n=6
GSC Suspicious
n=1
GSC Benign
Afirma n=1
GSC SFN <
11 n=4
n= GSC Suspicious
n=3
SHN 3 GSC Benign
n=1 n=1

>{ No Histopathology

No Histopathology

Histopathology
available: Benign

Histopathology Available

—>| in 2: PTC (n=1)and

Benign (n=1)

No Histopathology

FIGURE 2 Summary of Afirma gene expression classifier (GSC) cytologically indeterminate thyroid nodules stratified by specific cytological

diagnosis: (AUS: Atypical of undetermined significance, FLUS: Follicular lesion of undetermined significance, SFN: suspicious for follicular

neoplasm, SHN: suspicious for Hiirthle cell neoplasm) and GSC result (benign vs. suspicious) and histopathological diagnosis when available
(PTC: papillary thyroid cancer, FTC: follicular thyroid cancer, NIFTP: Noninvasive Follicular Thyroid Neoplasm With Papillary-Like Nuclear

Features), HCTC: Hiirthle cell thyroid cancer

Sonographic features were available in 30 nodules (19
GEC and 11 GSC nodules). When combining both Afirma
GEC and GSC-tested ITNs, BCR was higher in ITNs with
lower risk ATA ultrasound stratification (low or very low-
risk pattern) (83.3%) compared to intermediate or high-risk
ATA nodules (29%) and in ACR-TI-RADS <4 (83%) com-
pared to >4 (29%) (p = 0.0256) (Figure 3). The same pattern
was observed when evaluating Afirma GEC and GSC ITNs
separately however, due to the small numbers of patients, the
difference was not statistically significant (p = 0.154 and
p = 0.236 for Afirma GEC and GSC-tested ITNs, respec-
tively) (Figure 3). There were no statistically significant as-
sociations between the BCR (in GEC or GSC or combined

GEC and GSC) and age, gender, size of nodules, SUVmax,
Bethesda diagnosis of III or IV, or Hiirthle cell changes.

The specificity and PPV of the Afirma GEC compared
to the Afirma GSC PET-pos ITNs were 38% versus 88%
(p =0.066) and 43% versus 50% (NS), respectively (Table 2).
NPV and sensitivity were 100% as we considered all Benign
Afirma ITNs truly benign and all benign Afirma ITNs that
went to surgery were truly benign. There were three patients
with three suspicious Afirma nodules (one GEC and two
GSC) that did not go to surgery: one due to patient reference
(who had stable ultrasound at 14 months post FNA) and two
due to progressive non thyroid-related malignancy. (Both did
not have additional follow-up of thyroid nodule and both died
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Afirma GSC Afirma GEC
Measure (n=11) (n = 20)
Cancer prevalence 11.1% (1/9)* 31.5% (6/19)*
BCR (Benign Call 63.6% (7/11) 25% (5/20)
Rate)
PPV 50.0% (1/2) 42.8% (6/14)
Specificity 87.5% (7/8) 38.4% (5/13)

TABLE 2 Cancer prevalence, benign
P-Value based on

11 raty siti icti lue (PPV
Fisher exact test call rate, positive predictive value ( ),

and specificity of Afirma-tested, PET-

0.371 positive cytologically indeterminate nodules
0.056 (ITN’)

1.00

0.066

Sensitivity and NPV were 100% in both tests as we considered all benign Afirma ITNs truly benign and also

all benign Afirma ITNs that were resected were negative for cancer.

“Two nodules in Afirma GSC group and one in GEC group were not determined benign or malignant as they

were suspicious on Afirma test and did not undergo surgery

100%
p=0.025
90%

80%

p=0.154

70%

60%

50%

40%

30%

20%

10%

0.236

p

BCR of Afirma GSC and GEC Tested PET- BCR of Afirma GEC tested PET-Pos ITNs BCR of Afirma GSC tested PET-Pos ITNs

Pos ITNs

n=30)

(n=19) (n=11)

W ATA low or very low risk sonographic pattern/ACR-TIRAD <4

# ATA intermeidate or high risk sonographic pattern/ACR-TIRAD> 4

FIGURE 3 Benign call rate (BCR) of PET-positive cytologically indeterminate nodules (ITNs) according to sonographic features. The
number of ITNs with ATA low or very low sonographic pattern was the same as ACR-TI-RADS <4 score ITNs. The number of ITNs with ATA
intermediate or high-risk sonographic pattern was the same as ACR-TI-RADS >4 score ITNs

at 3 months and 12 months after FNA biopsy due to progres-
sion of non-thyroid-related cancer.)

4 | DISCUSSION

In the present study, we have studied the prevalence of can-
cer in PET-pos ITNs and the benign call rate of Afirma
GEC/GSC test. The risk of malignancy in a PET-pos thy-
roid nodule is estimated at 35%.° However, the risk of
malignancy in PET-pos nodules with an indeterminate cy-
tology (Bethesda III/IV) is less clear and appears more vari-
able. A systematic review showed that FDG PET positivity
in an ITN carries a PPV of 0-62% with an overall cancer
prevalence of 4-47%.° In the present study, the prevalence
of cancer in the cohort including only nodules that went
to surgery was at 36.4%. When categorizing ITNs with a

benign Afirma result as truly benign, the prevalence was
28.6%. The prevalence of cancer may have been influenced
by the exclusion of 10 nodules (seven PET-pos ITNs that
did not undergo further testing by repeat FNA, surgery, or
Afirma test and three suspicious Afirma nodules that did
not undergo surgery) and it could have ranged between 23
and 42% if those excluded nodules were all benign or ma-
lignant, respectively.

Afirma GEC/GSC has been used in ITNs to determine
whether conservative management with serial observation
can be safely pursued. Given its high NPV and relatively low
PPV, Afirma GEC was developed as a “rule-out test”; how-
ever, the GSC, and the other available tests, have improved
their positive predictive value with variability depending
on the nodule selection and prevalence of cancer.>®"> The
BCR is the percentage of molecular tests that results in a be-
nign test result. For molecular tests with a high NPV such
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as Afirma and ThyroSeq,G’13 the BCR typically reflects the

percentage of patients that may be managed conservatively
as if the cytology diagnosis is benign.

Improvement in BCR and PPV in GSC compared to GEC,
when evaluating indeterminate thyroid nodules independent
of PET positivity, has been previously reported.m_16 In the
present study, which focuses on PET-positive ITNSs, there is
also an improvement in the BCR and specificity in Afirma
GSC compared to GEC (64% vs. 25% [p = 0.056] and 88%
vs. 38% [p = 0.066], respectively). However, the PPV was
similar for Afirma GSC (50%) compared to GEC (43%). This
may be due to the higher prevalence of cancer in this group
of nodules; however, the number of Afirma GSC suspicious
nodules that went to surgery is small and there was a higher
prevalence of cancer in the Afirma GEC / PET-pos ITN
(32%) compared to Afirma GSC/ PET-pos ITN (11%).

The rate of malignancy in these Afirma-tested ITNs may
be influenced by the clinical practice pattern by different cli-
nicians. As an example, those nodules with a reassuring U.S.
pattern and indeterminate cytology may not undergo molecu-
lar testing due to the low likelihood of malignancy and instead
may be offered serial sonographic monitoring. However, the
patient population undergoing FDG PET imaging for another
malignancy typically indicates that an incidentally identified
metabolically active thyroid nodule is of lower priority than
that seen in routine, non-cancer patients. As such, the eval-
uation of PET-positive thyroid nodules sometimes is geared
toward finding ways to avoid delays in the treatment of their
malignancy that initially necessitated the PET scan, includ-
ing offering molecular testing when it ordinarily may not be
performed. Consequently, the malignancy rate of these inde-
terminate nodules may be lower than those nodules identified
by means other than FDG PET. Additional studies may be
beneficial to examine the malignancy rate of this cohort.

We did not observe a statistically significant correlation
between BCR and age, gender, nodule size, SUVmax, and so-
nographic features. However, when combining Afirma GEC
and GSC nodules, there was a higher BCR in nodules with
lower risk sonographic features. This was also seen in Afirma
GEC and GSC groups when studied separately but was not
statistically significant due to small numbers. The relatively
low BCR in sonographically intermediate/high-risk FDG-
positive ITNs suggests that this group of nodules may not
benefit as much from molecular testing. The relationship
between sonographic features and risk of cancer in FDG-
positive ITNs requires further investigation as higher risk so-
nographic features have been associated with higher risk of
malignancy in indeterminate thyroid nodules'”!® yet this has
not been shown in all studies.'” It is also noted that there were
13 nodules in our cohort that went to surgery without Afirma
testing and 38% (5/13) were malignant. It is not clear that the
use of Afirma would have influenced those results.
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There are several limitations of this study. The size of the
cohort is relatively small and additional studies are required.
Additionally, the Afirma GEC has now been replaced with
the GSC. Since the GSC was implemented in 2017, the dura-
tion of follow-up of ITNs interrogated with this test is shorter.
Therefore, the possibility of falsely benign results cannot be
excluded, although the impact is likely small given the high re-
ported NPV of the test in other populations.13 Additionally, in
this present study, 3/12 benign Afirma (GEC and GSC) under-
went surgery with benign pathology and the average follow-up
on remaining nodules was 16.8 months, all nodules remained
stable in size. Nevertheless, studies with longer follow-up on
these PET-pos ITNs with benign Afirma are needed to help
in determining the applicability of the Afirma GSC to safely
avoid surgery in these patients without missing malignancy.

In conclusion, to the best of our knowledge, this is
the first study that seeks to evaluate the benign call rate
of Afirma testing in patients with cytologically indeter-
minate thyroid nodules that are also FDG PET-positive.
Additionally, compared to prior studies investigating the
prevalence of cancer in such PET-positive, cytologically
indeterminate nodules, our population is one of the largest
reported. We found that the prevalence of cancer ranged
from 28.6% to 36.4% depending on which nodules were
included in the calculation. We also found that the BCR
of PET-positive ITNs with the GSC was 64%, which indi-
cates that surgical intervention may be avoided or delayed
in these patients. However, the role of Afirma in FDG-
positive ITNs with intermediate or high-risk ultrasound
features requires further study due to a lower BCR in this
group. Finally, in addition to larger studies with longer fol-
low-up to further confirm the true benign result of benign
Afirma in this setting, future studies using other molecular
diagnostic tests such as ThyroSeq V3 and ThyGeNEXT/
ThyraMIR (6,7) are needed to evaluate further the perfor-
mance of these tests in this context.
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