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Abstract

Objective. Molecular testing has revolutionized management of
indeterminate thyroid nodules (Bethesda categories III and IV).
Few studies have attempted to validate the negative predictive
value of molecular tests. Using long-term observation as a
surrogate for surgical resection, we sought to examine the
false-negative rate of ‘‘benign’’ indeterminate thyroid nodules
on molecular testing.

Study Design. Case series with retrospective data collection
and chart review.

Setting. Large community-based practice with multiple satel-
lite offices.

Methods. All patients with thyroid nodules that underwent
ultrasound-guided fine-needle aspiration biopsy between
2013 and 2019 were evaluated through retrospective analysis.
Cytologically indeterminate nodules reflexively underwent
molecular testing to guide clinical management. Observation
was recommended for lesions with benign molecular testing,
and these nodules were followed clinically and by ultrasound.

Results. A total of 2011 nodules underwent fine-needle aspira-
tion, of which 280 (14%) were indeterminate thyroid nodules.
Of those 280 nodules, 100 (36%) were benign on molecular
testing. Three samples were excluded from analysis due to
patient deaths from unrelated causes. Surgical resection was
recommended in 16 of the 97 nodules (17%), with the major-
ity due to size and compressive symptoms. Histopathology
was available in 14 nodules that underwent surgery, with 1
demonstrating minimally invasive follicular carcinoma.

Conclusion. While molecular testing is safe to use in guiding
management of indeterminate thyroid nodules, consider-
ation of individualized clinical factors and close long-term
follow-up remains paramount.
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T
hyroid nodules are a common entity, with an estimated

prevalence of 19% to 68% in randomly selected indi-

viduals.1 Appropriate diagnostic workup is necessary

when a thyroid nodule is discovered, especially given a 5%-

15% risk of malignancy.1,2 Management is generally directed

by cytologic findings from ultrasound-guided fine-needle

aspiration (US-FNA), which are classified into I of VI cate-

gories by the Bethesda system predicting varying risks of

malignancy.3,4 Cytologic indeterminate results (Bethesda

categories III and IV) occur in 15% to 30% of US-FNAs, car-

rying up to 30% risk of malignancy on eventual surgical

pathology.2,5-7 A clinical decision must be made on whether

to manage these cytologic indeterminate thyroid nodules

(ITNs) conservatively with long-term observation or through

surgical intervention and histopathologic analysis.

Thyroidectomy carries a cost of ~$12,000 at 2010 Medicare

rates, and there are additional costs of lost wages and potential

surgical complications, including infection, hematoma, vocal

cord dysfunction, hypothyroidism, hypocalcemia, airway

obstruction, and death.8 Given the prevalence of thyroid

nodules and inherent risks of diagnostic thyroidectomy, test-

ing to elucidate the benign or malignant nature of cytologic

ITNs is desired.

Molecular testing has revolutionized management of cyto-

logic ITNs by providing evidence to rule in or rule out
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malignancy and thereby reduce unnecessary diagnostic sur-

gery. An initial molecular test measured expression of 167

gene transcripts implicated in malignant thyroid lesions. The

initial validation study reported the test to be successful in

ruling out malignancy, with a sensitivity of 92% and a nega-

tive predictive value (NPV) of 93%.3 However, its specificity

of 52% and positive predictive value (PPV) of 47% made it a

poor predictor of malignancy.3 A subsequent molecular test

was developed to improve the specificity and PPV without

sacrificing the high NPV seen with the initial molecular test.

In a large single-center study, this new test improved the spe-

cificity and PPV to 94.3% and 60%, respectively, in turn

reducing the rate of unnecessary surgical intervention for

cytologic ITNs.9

Several studies have described clinical experiences utiliz-

ing molecular testing on cytologic ITNs. However, few stud-

ies have sought to validate the false-negative rate of

molecular testing results, as this would require resection of all

cytologic ITNs irrespective of molecular test results. We

hypothesize that close long-term follow-up is the best surro-

gate for surgical resection, as a stable nodule over a prolonged

period may be classified as a true negative. Conversely, long-

term follow-up may identify patients for whom surgery is

indicated or recommended despite a benign molecular testing

result. We analyze our data from a large patient cohort in the

same community over a 6-year period. Cytologic ITNs were

followed clinically, and in certain cases, surgery was recom-

mended despite benign molecular testing, providing an oppor-

tunity to evaluate potential false-negative results.

Materials and Methods

This is a retrospective analysis of all patients with thyroid

nodules that underwent US-FNA between 2013 and 2019 at

ENT Specialists, Inc, a busy community thyroid practice in

southern Massachusetts. This study was approved by the

Institutional Review Board at Brockton Hospital, Signature

Healthcare. US-FNA was performed by a single otolaryngolo-

gist skilled in performing the procedure. Cytologic ITNs

(Bethesda categories III and IV) reflexively underwent

Afirma Gene Expression Classifier or Gene Sequencing

Classifier testing (Veracyte, Inc) to guide clinical manage-

ment. Bethesda category III corresponds to ‘‘atypia of unde-

termined significance or follicular lesion of undetermined

significance,’’ and category IV corresponds to ‘‘follicular

neoplasm or suspicious for a follicular neoplasm.’’4 The

determination to proceed with surgery or routine surveillance

was made by the patient’s physician based on results of cyto-

logic testing and the patient’s symptoms and preferences.

When surgery was performed, specimens were reviewed by

hospital pathologists where the surgery was performed to

make a final histologic diagnosis.

Retrospective chart review included analysis of all patients

with cytologic ITNs with ‘‘benign’’ molecular testing results.

Over the period of the study, patients were followed clinically

and with surveillance ultrasound. Surgery was recommended

in certain patients despite benign molecular testing for a vari-

ety of reasons, such as the size of nodule, compressive

symptoms, growth on serial ultrasound, and the presence of

additional suspicious nodules. Of these patients who under-

went surgery, surgical pathology was reviewed to determine

whether the nodule represented a false-negative molecular

test result.

Results

Between 2013 and 2019, a total of 2011 nodules underwent

US-FNA in a dedicated ultrasound clinic, and 280 nodules

(14%) were reported back as cytologic ITNs (Bethesda cate-

gories III and IV). Reflexive molecular testing provided fur-

ther diagnostic classification: benign, suspicious, no result,

atypical lymphocytes, and no classification (Figure 1).

Within our practice, the benign call rate for molecular testing

is 30.3% and 45.7% for the initial and newer molecular tests,

respectively.

Of the 280 ITNs, 100 (35.7%) were benign on molecular

testing. All samples between October 2013 and July 2017

were tested with the initial molecular test (51 nodules, 51%),

and all samples between August 2017 and December 2019

were tested with a newer molecular test (49 nodules, 49%).

Three samples were excluded from analysis due to patient

deaths from unrelated causes. The remaining 97 ‘‘benign’’

nodules on molecular testing were followed with serial ultra-

sound at 12-month intervals for all patients. Of those, 16

(16.5%) were recommended for surgical excision. The major-

ity of these surgical recommendations were for large or

increasing nodule size on follow-up ultrasound. One patient

with progressive disease received a repeat fine-needle aspira-

tion, which revealed suspicious cytopathology. This patient

went for surgical excision, but final pathology was benign.

Patients who were not recommended for surgical intervention

all had stable disease on serial ultrasound.

Of the 16 patients recommended for surgery, 14underwent

surgery with ENT Specialists, Inc, while 2 were lost to

Figure 1. Molecular testing results for cytologic indeterminate thyr-
oid nodules (Bethesda III and IV).
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follow-up. On follow-up after the study period, 1 patient had

serial ultrasound performed at an outside hospital, which

revealed a stable nodule size at 4.3 cm. The patient chose con-

servative management. We were unable to reach the other

patient lost to follow-up. Thus, surgery was performed in

14.7% (14 of 95 patients) of the benign molecular testing

group. The follow-up for those who received serial ultrasound

and underwent surgery ranged from 0.25 to 5 years, with a

mean of 1.3 years (interquartile range, 0.5-1.25). One of these

patients with a benign nodule from the newer molecular test,

subjected to surgery for increasing size over 3 years, had a final

diagnosis of follicular variant of papillary thyroid carcinoma

based on final surgical pathology. This represented a 1% false-

negative rate (Figure 2). The NPVs of the initial and newer

molecular tests were 100% and 98.0%, respectively.

Discussion

In the initial prospective multicenter study for the original

molecular test,3 100% of cytologic ITNs were surgically

removed without prior knowledge of molecular test results.

From these data, histopathologic diagnosis was used to vali-

date whether molecular testing results accurately predicted

the presence or absence of malignancy.3 Alexander et al3

found a risk of malignancy for an ITN with a benign molecu-

lar test result to be 4% to 5% (1 – NPV), which is comparable

to the ~3% risk of malignancy in benign Bethesda II cytologic

diagnosis.3,5,10 This suggested that a cytologic ITN with a

benign molecular test result can be managed similarly to a

cytologically benign nodule with routine follow-up and sur-

veillance ultrasound.8,11-14 As a result, professional organiza-

tions revised guidelines recommending observation and

ultrasound follow-up in favor of thyroid surgery for benign

molecular testing results.1,4,15

Subsequent studies that sought to verify these findings are

limited, as true validation of molecular testing would require

histopathology data on surgical resection of all benign

nodules to determine the rate of false negativity. Designing

such a study would be impractical. Valderrabano et al16 per-

formed a systematic review of 19 studies encompassing 2568

nodules. They found significant differences in the sensitivity

and specificity of the molecular test using the correlation

between benign call rate and PPV from the pooled indepen-

dent studies as compared with the PPV of the initial study by

Alexander et al.3 Other studies attempted to validate the NPV

of molecular testing through eventual resection of benign

ITNs and histopathologic diagnosis.17-21 Many of these stud-

ies yielded less robust NPVs than the initial validation study:

83.3% in Noureldine et al20 vs 94% in Alexander et al. This

variation called for further investigation into molecular test-

ing and its role in influencing the clinical management of

ITNs.

Ultimately, most nodules with benign molecular testing

are not removed, and true histopathologic diagnoses are never

known. Postmarketing evaluation of false-negative rates and

NPV of molecular testing is challenging due to low resection

rates for benign nodules. Long-term follow-up may be the

best surrogate for histopathology, under the assumption that

nodules that have reassuring characteristics on surveillance

ultrasound over time may be considered ‘‘true negative’’

nodules. We hypothesized that resection and histopathologic

analysis of nodules with previous benign molecular testing

results that developed suspicious features on subsequent sur-

veillance ultrasound could be used to validate the perfor-

mance of molecular testing.

After retrospective analysis of 95 benign nodules, 1 patient

had a malignancy that was misclassified by molecular testing.

This represents a false-negative rate of ~1% for molecular

testing in our patient cohort. Of the 95 nodules that were fol-

lowed with serial ultrasound, 14 underwent surgery. In a simi-

larly designed study from a busy community endocrine

surgical referral center,22 193 nodules with benign molecular

testing results were examined, which is a larger group than in

the validation study by Alexander et al.3 Surgery was per-

formed in 42 patients, and 14 were diagnosed with malignan-

cies or noninvasive follicular thyroid tumor with papillary-

like nuclear features. The authors found a false-negative rate

of 7.3%, which they appropriately considered a ‘‘false-nega-

tive percentage for an incomplete surgical group,’’ given that

histopathologic confirmation was not available for all patients

with benign molecular test results.22 For this reason, these

findings represent the minimum possible false-negative per-

centage for the population. The same conclusion can be

drawn from this study: our false-negative rate of 1% is a mod-

ified percentage that does not encompass all potentially

missed malignancies by molecular testing, given that not all

benign nodules are surgically removed for histopathologic

diagnosis.

Despite these findings, the chance of missing clinically sig-

nificant malignancy in a cytologic ITN with a benign molecu-

lar test result is still reasonably low. The modified false-

negative rate of 7.3% in Harrell et al22 seems to fall within

this realm of risk. With close follow-up and routine surveil-

lance, it seems unlikely that potential benign molecular

Figure 2. Flowchart representing management of thyroid nodules
with benign molecular testing. GEC, Gene Expression Classifier;
GSC, Gene Sequencing Classifier; US, ultrasound.
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testing false negatives would lead to significant patient harm,

given that changes in patient symptoms or nodule characteris-

tics over time are likely to prompt timely intervention.

Clinical decision making should be individualized according

to a patient’s presenting symptoms, medical history, and find-

ings on ultrasound and cytology.

One main limitation of our study is the small sample size.

Only 14 (14.7%) nodules with benign molecular testing results

underwent surgical resection and histopathologic analysis, as

compared with 42 (21.8%) nodules in a 2018 study by Harrell

et al.22 This difference in sample size could explain the differ-

ence in false-negative rates between these studies: 1% vs 7.3%.

Furthermore, limited sample sizes and the resulting low

number of false-negative benign nodules can greatly alter the

NPV and evaluation of molecular testing. Our NPV for the ini-

tial molecular test (100%) was higher than in most validation

studies, including the initial validation study by Alexander et al

(93%).3 This is likely due to our limited sample size.

An additional complexity of interpreting molecular testing

relates to the varying prevalence of thyroid malignancy

among institutions and geographic regions. When compared

with meta-analyses validating molecular testing, studies such

as ours and Harrell et al22 have a specific advantage of long-

term follow-up data within a specific, localized population

cohort. Meta-analyses have an inherent disadvantage, as data

are pooled from different population groups that may have

different incidences of thyroid cancer. Marti et al23 found sig-

nificant variation in benign call rate, PPV, and NPV of mole-

cular testing between 2 New York City institutions: 1 cancer

referral center and 1 comprehensive health care system.

Similarly, we found a lower benign call rate for the initial and

newer molecular tests (30.3% and 45.7%, respectively) as

compared with other validation studies. This difference could

be due to sample size or varying rates in thyroid cancer across

regions and practice settings.

Marti et al23 hypothesized that the performance of the orig-

inal molecular test best approximated the initial validation

study of Alexander et al3 when prevalence of thyroid malig-

nancy was between 12% and 25%. In settings with a preva-

lence .25%, a benign molecular test result cannot rule out

malignancy with sufficient NPV.23 This phenomenon can

explain the variation in rates of false negativity when compar-

ing studies such as ours, Harrell et al,22 and the initial valida-

tion study of Alexander et al. The higher false negative found

by Harrell et al (7.3%) vs Alexander et al (1.6%) could be

explained by a higher prevalence of thyroid cancer in the

former study (33%) vs the latter (24%).

Molecular testing can offer reassurance for patients with

cytologic ITNs and their providers and has been utilized in

avoiding thousands of unnecessary thyroid operations since

molecular testing became available.11 Long-term stability of

cytologically benign ITNs over a 6-year period in this study

provides further validation of molecular testing. However, as

molecular testing is still in its infancy, diligent long-term

follow-up and careful interpretation are advised while decid-

ing on management of cytologic ITNs.
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