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Molecular Profiling of Thyroid Nodules: Current Role for the Afirma 
Gene Expression Classifier on Clinical Decision Making
Tiroid Nodülü Moleküler Profillemesi: Afirma Gen Ekspresyon Sınıflandırıcısının Klinik Karar 
Verme Üzerinde Güncel Rolü

Abstract
Thyroid fine-needle aspiration biopsy results are cytologically indeterminate in 15-30% of cases. When these nodules undergo 
diagnostic surgery, approximately three-quarters are histologically benign. These unnecessary surgeries diminish quality of 
life, generate complications, and increase healthcare costs. The Afirma gene expression classifier (GEC) is validated to pre-
operatively identify cytologically indeterminate nodules likely to be truly benign so that surgery can be avoided. Its performance 
is supported by robust multicenter prospective and blinded clinical validation studies, and supported by extensive independent 
clinical utility publications which show a marked reduction in surgery among patients with benign Afirma GEC results. To rule-
out cancer and avoid unnecessary diagnostic surgery, Afirma’s quality and depth of validation stand alone. The accuracy of a 
benign result is the negative predictive value (NPV). Afirma achieves an NPV ≥94% among cytologically indeterminate nodules 
(Bethesda III or IV). Thirteen clinical utility studies describing 1468 GEC benign patients demonstrate that few Afirma GEC 
benign nodules undergo surgery, including after 3 years of follow-up. With a specificity of 52%, over half of the truly benign 
nodules with indeterminate cytology receive a benign GEC result. High test sensitivity is critical to safely rule out cancer. The 
Afirma GEC’s 90% sensitivity means that regardless of the pre-test risk of malignancy, 90% of all malignant nodules are GEC 
suspicious. The Afirma GEC has transformed patient care. Where the majority of cytologically indeterminate patients were 
once operated to determine if the nodule was benign or malignant, now nearly half of these surgeries can be avoided.
Keywords: Biopsy, fine-needle aspirate, gene expression, genomics, molecular diagnostic techniques, thyroid nodule

Öz
Belirsiz sitoloji tiroid ince iğne biyopsi örneklerinin %15-30’unda bulunur. Bu nodüller tanı amaçlı ameliyat edildiğinde yaklaşık 
dörtte üçünün histolojik olarak benign olduğu saptanmıştır. Gereksiz ameliyatlar yaşam kalitesini azaltır, komplikasyonlara 
neden olur ve sağlık giderlerini artırır. Afirma gen ekspresyonu sınıflandırıcı [Gene Expression Classifier (GEC)] operasyon 
öncesi benign olma olasılığı olan belirsiz sitolojili nodülleri tespit ederek cerrahi girişim gerekliliğini önleyebilir. Testin etkinliği 
güvenilir çok merkezli prospektif kör klinik doğrulama çalışmalarıyla, benign Afirma GEC sonuçları ile bu hasta grubunda 
cerrahinin belirgin bir azalma gösterdiği ise geniş, bağımsız klinik yarar yayınları ile desteklenmiştir. Kanseri ekarte etmek 
ve gereksiz tanısal cerrahiyi önlemek amacıyla Afirma, kalitesi ve doğrulama oranı ile alanında tektir. Benign bir sonucun 
doğruluğu testin negatif prediktif değerini (NPD) gösterir. Afirma’nın NPD’yi belirsiz sitolojili nodüller için (Bethesda III veya 
IV) ≥%94’e ulaşmaktadır. GEC benign 1,468 hastayı içeren on üç klinik yarar çalışması, sadece birkaç Afirma GEC benign 
nodülde ameliyat ihtiyacı olduğunu 3 yıllık takip süresi ile göstermektedir. Testin %52 özgüllüğü ile, gerçekten benign olan 
belirsiz sitolojili nodüllerin yarısından fazlasında benign GEC sonucu alınmaktadır. Kanseri güvenle ekarte etmek için yüksek 
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Introduction

Prior to the adoption of thyroid nodule fine-needle 
aspiration biopsy (FNAB), thyroid nodules were regularly 
referred for diagnostic surgery because of their 5-15% 
risk of malignancy (ROM) (1). FNAB decreased diagnostic 
thyroidectomies by one-half as most FNAB results are 
cytologically benign and surgery is typically avoided 
(2). Still, 15-30% of thyroid FNABs are cytologically 
indeterminate, i.e. not clearly benign nor malignant (1,3). 
When cytologically indeterminate thyroid nodules undergo 
diagnostic surgery, approximately three-quarters prove to 
be benign on surgical histopathology (Figure 1) (4,5,6). The 
care of such patients is being dramatically altered by a new 

diagnostic strategy that pre-operatively identifies many of 
these benign nodules with indeterminate cytopathology 
[Bethesda categories III and IV (7)] as having a low risk 
of cancer so that diagnostic surgery can be avoided, 
along with its costs, complications, and inconveniences. 
Complications from thyroid surgery include, but are not 
limited to, hypothyroidism, voice changes, vocal cord 
dysfunction, hypocalcemia (temporary and permanent), 
tracheostomy, hematoma, infection, hospital readmission, 
and death. Complications are highest in patients older than 
65 years of age, and when the procedure is performed 
outside of high-volume thyroidectomy hospitals (8). 
Among cytologically indeterminate nodules, patient clinical 
factors, ultrasound characteristics (9), additional cytological 

test duyarlılığı kritik öneme sahiptir. Afirma GEC’nin %90 duyarlılığı, test incesi malignite riski ne olursa olsun, tüm malign 
nodüllerin %90’ının GEC şüpheli olduğu anlamına gelir. Afirma GEC hasta yaklaşımını değiştirmiştir. Belirsiz sitolojili hastaların 
çoğunluğu nodülün iyi veya kötü huylu olup olmadığını belirlemek için ameliyat edilirken, günümüzde bu ameliyatların 
neredeyse yarısı önlenebilir.
Anahtar kelimeler: Biyopsi, ince iğne aspirasyon, gen ekspresyonu, genomik, moleküler tanı teknikleri, tiroid nodülü 

Figure 1. Afirma gene expression classifier reduces unnecessary thyroid surgeries compared to management without gene expression classifier testing
*Alexander et al. (4), †see Figure 3
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subcategorization or second opinion, and repeat FNAB 
have been unable to reliably identify a significant fraction 
of benign nodules to safely avoid surgery. For example, 
among Bethesda III nodules, those with any ultrasound 
predictive feature (solid, hypoechoic, microcalcifications, 
increased vascularization, or irregular margin) were found 
to have at least a 12% ROM, which increased further when 
additional features were present (10). Current excitement 
has focused on molecular genomics approaches. To date, 
only the Afirma gene expression classifier (GEC) (Veracyte 
Inc., South San Francisco, California) is supported by 
prospective, multicenter, and blinded validation studies 
to reclassify nodules as benign, and has been shown in 
multiple clinical utility studies to reduce avoidable diagnostic 
surgeries based on the test result. 

Tests to Rule-in and Rule-out Cancer

A test with a high sensitivity and high negative predictive 
value (NPV) is able to rule-out cancer (11,12). Test sensitivity 
measures the fraction of cancers that the test identifies as 
“positive” (e.g. Afirma GEC suspicious). Afirma GEC test 
sensitivity among indeterminate nodules is 90% (4). Test 
NPV measures the fraction of “negative” calls by the test (e.g. 
Afirma GEC benign) that are correct. Afirma GEC test NPV 
is 94-95% amongst Bethesda III and IV nodules at a cancer 
prevalence of 24-25% (4). While not mutually exclusive, a 
test with a high specificity and high positive predictive value 
(PPV) is able to rule-in cancer. Test specificity measures the 
fraction of benign nodules that are called benign by the 
test. Afirma GEC test specificity is 52% (4), suggesting that 
just over half of the benign nodules are called GEC benign. 
Test PPV measures the fraction of “positive” calls by the test 
(e.g. Afirma GEC suspicious) that are correct. Afirma GEC 
test PPV is 37-38% amongst Bethesda III and IV nodules 
(4). Thus, the strength of the Afirma GEC is its ability to 
rule-out cancer (NPV), more than its ability to rule-in cancer 
(PPV). A rule-in test is of value when it changes clinical 
care, such as altering the extent of thyroid surgery from a 
lobectomy to a total thyroidectomy. However, the necessity 
of total thyroidectomy for patients with thyroid cancer less 
than 4 cm, without gross extra-thyroidal extension, distant 
metastases, or clinically apparent metastases to the lymph 
nodes has not been established and current guidelines do 
not mandate total thyroidectomy in the absence of these 
features (13). Thus, the utility of rule-in tests is currently 
questioned as patient benefit has not been established. 
Given the modest specificity and PPV of Afirma, it is not 
considered a rule-in test. While an Afirma GEC suspicious 
result raises the risk of cancer from 24-25% to 37-38%, 
it should be clear that the strength of the test is that it 
identifies just over one-half of all benign nodules with 
Bethesda III or IV cytology as genomically benign, and 
90% of all cancers as genomically suspicious regardless of 
the cancer prevalence (Figure 1). Thus, when applied to 
the typical cytologically indeterminate nodule with ROM 

of 25% or less, the expected accuracy of a benign result 
(NPV) is 94% or greater. As a result, most Afirma GEC 
benign nodules are candidates for clinical observation in 
lieu of diagnostic surgery. Additional “cassettes” are tested 
with every Afirma GEC to identify rare neoplasms that are 
often difficult to accurately diagnose with cytology such 
as medullary thyroid cancer (MTC), parathyroid neoplasms, 
and metastases to the thyroid from malignant melanoma, 
breast, and renal cell carcinomas. Failing to trigger one of 
these cassettes, the GEC evaluates the expression of 142 
genes that are used in a proprietary mathematical algorithm 
to classify indeterminate thyroid nodule samples as either 
GEC benign or GEC suspicious.

Rationale for the Measurement of Messenger 
Ribonucleic Acid Expression 

The Afirma GEC is based on the measurement of 
messenger ribonucleic acid (mRNA) expression. There are 
several diagnostic advantages to using RNA instead of 
other approaches such as DNA mutations or microRNA 
expression. Unlike cancers whose cytology is Bethesda V or 
VI, cancers that are cytologically indeterminate (Bethesda 
III and IV) typically lack the most common genomic 
abnormality of differentiated thyroid cancer: BRAFV600E 
mutation. In its absence, the most common classic 
mutation amongst cytologically indeterminate cancers 
are RAS mutations, but these are found in the minority 
and are also found in benign nodules. As benign nodules 
outnumber malignant nodules 4:1 among nodules with 
indeterminate cytology, the PPV of RAS mutations is poor 
in a number of studies (14,15,16,17,18,19,20,21). Herein 
lies the challenge of mutational approaches for cytologically 
indeterminate nodules: many malignancies lack the known 
genomic abnormalities (22,23), and when present, most 
genomic abnormalities are not specific for cancer (22,23). 

While there are only approximately 23,000 known protein-
coding DNA genes (24), each of these may be transcribed 
into multiple alternatively-spliced variants, with more than 
240.000 known mRNA isoforms. Disease-causing DNA 
alterations generally exert their effects, at least partially, on 
the transcriptome. Similarly, microRNAs impart their effects 
by altering transcription. Therefore, mRNA expression 
provides a cumulative measurement of various known (and 
unknown) upstream effects. Additionally, gene expression 
may be impacted by lifestyle and environmental factors 
so that mRNA expression reflects additional significant 
information not discernible from DNA or microRNA analysis 
alone.

Gene expression classifiers quantitatively evaluate the 
relative expression levels of multiple genes that comprise 
the genomic signature of the interrogated tissue. In the 
development of Afirma GEC, instead of discriminately 
relying on genes previously identified in the literature, 
analysis of the whole genome (transcriptome) was used 
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to identify candidate genes, and support vector machine 
learning methods were used to develop the classifier 
algorithm (4,25). The genes utilized in the cassettes and 
main Afirma GEC classifier have been published (4). This 
powerful methodology more fully utilizes the genomic 
information of the biological sample than is used by target 
next generation sequencing approaches. 

Clinical Validation

Physicians find risk of cancer associated with a cytological 
benign FNAB diagnosis to be low enough to defer 
surgery in the vast majority of such patients. A 6-8% risk 
of cancer among operated cytology benign nodules has 
been described (4,5,26,27,28,29,30). Thus, a test that 
could reliably identify cytologically indeterminate nodules 
with a similar or lower risk of cancer (e.g. NPV ≥94%) 
could allow these nodules to also be considered for 
clinical observation instead of diagnostic surgery. Clinical 
validation of the Afirma GEC was initially performed on 
a small independent sample set of thyroid nodule FNABs 
within a prospective multicenter, double blind study design 
(25). The Afirma GEC achieved high sensitivity and NPV, 
including among cytologically indeterminate nodules. After 
further optimization, the GEC was validated in a second 
larger independent sample set in a prospective multicenter 
validation study. The second study included the largest ever 
prospectively collected set of thyroid FNAB biopsies from 
3,789 unique patients, with a final validation set of 265 
cytologically indeterminate nodules. Based on the 24% 
prevalence of malignancy in cytologically indeterminate 
samples (Bethesda III+IV), a 95% NPV for the Afirma GEC 
was achieved (4). 

The unique and often overlooked strength of this 
prospective, multicenter, and blinded validation design is that 
it supports generalizability of the results. Prospective and 
multicenter study designs reduce selection bias and better 
represent what is likely to occur in real-world practice. The 
3.789 patients were prospectively consented and enrolled 
in the trial before undergoing FNAB at 49 study sites across 
the country, including academic and community practices, 
which provides confidence in the external validity of the 
findings. Strong internal validity was demonstrated when 
no differences were found between the final validation 
cohort of 265 patients compared to the full prospective 
and consecutive total enrollment cohort in patient age, 
gender, cancer risk factors, or nodule size. As investigators 
were blinded to the Afirma GEC result, the test result did 
not influence which patients underwent surgery. These 
important study design elements (prospective, blinded, and 
multicenter) support the internal and external validity of the 
study, and provide confidence in the broader generalizability 
of the study findings to a physician’s own clinical practice 
(13). In contrast, significant biases can be introduced when 
the study cohort does not mimic the intended use cohort. 

For example, profound bias can occur in unblinded studies 
where the test result influences inclusion or exclusion from 
the “validation” cohort (13). The Afirma GEC is the only 
test for cytologically indeterminate nodules demonstrated 
to have an accurate enough benign result (e.g. NPV ≥94%) 
proven in a rigorous and published prospective, blinded, 
and multicenter validation study to allow physicians to 
strongly consider clinical observation instead of surgical 
resection for Bethesda III and IV nodules (4).

Overall, the ROM for a thyroid nodule with Bethesda 
categories III and IV indeterminate cytology with an 
Afirma GEC benign classifier result is about 5% (1-NPV). 
This risk is comparable to the 6-8% cancer risk for an 
operated thyroid nodule with a benign cytology diagnosis 
(4,5,26,27,28,29,30). This demonstrates that cytologically 
indeterminate nodules (Bethesda categories III and IV) 
with an Afirma GEC benign diagnosis can be managed as 
would a cytologically benign nodule (4,31), as suggested 
by the National Comprehensive Cancer Network (NCCN) 
Thyroid Carcinoma Guideline (32). In contrast, others 
have attempted to create rule-out tests using the most 
common DNA point mutations, fusions, or proprietary 
microRNA signatures where the false negative rate may be 
unacceptable for routine clinical use. Asuragen reported in 
its prospective, multicenter, and blinded 7-gene mutation 
panel study that it missed as many as 53% of malignant 
Bethesda III and IV nodules (33), a rate significantly higher 
than had been seen in an earlier unblinded single center 
study (34). Interpace reported that its 8-gene mutation 
panel (ThyGenX) missed 40% of malignant nodules (35), 
while independent studies (22,23) have not confirmed 
claims of improved sensitivity and specificity with even 
larger mutation/fusion panels (36,37). Interpace has 
combined ThyGenX with a 10 microRNA classifier and in a 
second study reported that it missed 20% of malignancies 
(35). Similarly, Rosetta Genomics reported high sensitivity 
of its microRNA classifier when 20% of samples (1 in 
five cases) were excluded based on lack of histological 
agreement amongst 3 pathologists. In practice, physicians 
can’t know which patients to exclude pre-operatively, so 
test performance is more accurately reflected amongst the 
entire cohort where nearly 1 in 6 cancers were missed (38).

Clinical Practice Experiences and Clinical Utility 

While clinical validation demonstrates the test’s ability to 
accurately predict the diagnosis, clinical utility measures 
the test’s impact on real-world patient management 
decisions and impact on net health outcomes (39). 
Fourteen publications now describe the clinical experience 
with the Afirma GEC in routine clinical practice (9,31,40, 
41,42,43,44,45,46,47,48,49,50,51). Among the Afirma 
GEC benign patients, only 122 of the 1211 patients (10%) 
were operated, demonstrating a dramatic reduction in 
surgery compared to the 73% historical rate of surgery (52) 
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when Afirma was not used (Figure 2). Five of the Afirma 
GEC publications were multicenter (40,41,43,46,51), 
two had a minimum follow-up of 1 year (45,48), and 
one reported patients Afirma GEC tested at least 3 years 
prior to study enrollment (43). In that study, 17% of 
Afirma GEC benign patients underwent surgery and 88% 
of the surgeries occurred within 2 years of the biopsy. 
Yang et al. (50) reported that surgery was significantly 
reduced in both Bethesda III and IV categories when 
they globally compared patient management before and 
after implementation of Afirma GEC testing. Overall, the 
findings demonstrated a durable and dramatic reduction 
in diagnostic surgery. 

Two cohorts of 2667 (40) and 2040 GEC resulted tests (53) 
have reported 53% and 52% as GEC benign, respectively. 
Eleven independent publications report their frequencies 
of benign versus suspicious GEC results: 47% of 1179 
tests amongst cytologically indeterminate nodules were 
GEC benign (Figure 3) (9,41,42,44,45,46,47,48,49,50, 
51). Defining the number needed to test (NNT) as the 
number of tests needed to be performed to change the 
clinical outcome of one patient (NNT=1/(%GEC benign), 
and rounded to the nearest whole person), then the NNT 
of these series is 2. Consequently, one patient potentially 
avoids surgery for every two patients tested (Figure 1).

As noted above, clinical experience/clinical utility studies 
serve an important role in the chain of evidence regarding 
the effectiveness and value of a test. These allow medical 
centers and community practices to describe the impact the 

GEC has had in their management setting. As more long-
term follow-up data becomes available, these important 
studies will allow researchers to model the overall GEC 
impact on reducing unnecessary surgeries nationally. 

It is important to note, however that most GEC benign 
patients in the clinical series reported to date did not 
undergo surgery, consistent with the purpose of the test (9, 
31,41,42,43,44,45,46,47,48,49,50,51). Thus, such clinical 
experience studies cannot serve as proper clinical validation 
studies, and clinicians should be wary when attempts 
are made from such studies to measure or question test 
performance. Operated GEC benign patients alone in a 
clinical experience series are insufficient to evaluate test 
performance, and these patients often differ from the 
broader group of GEC benign patients, and are more 
likely to include those nodules at greater risk of cancer. 
Therefore, findings among these patients are unlikely to be 
generalizable to the majority of the GEC benign case. Any 
attempt to measure test performance such as sensitivity 
and NPV requires operating on all tested patients in a 
contiguous intended use cohort with centralized blinded 
histology (e.g. clinical validation). 

Additionally, clinical experience series may differ from 
properly performed prospective validation studies as the 
former may not report on a consecutive cohort of tested 
patients from the catchment area, but rather report only 
on patients who come to their attention through a variety 
of referral patterns. Thus, the cohort described may not 
reflect how the test works in the intended use population. 

Figure 2. Real-world clinical utility
*Cibas et al. (52). Afirma gene expression classifier benign operative rate references (9,31,40,41,42,43,44,45,46,47,48,49,50,51), GEC: Gene expression classifier
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Figure 4 describes hypothetically how clinical experience 
studies that generate “operative NPV” results that may 
appear to conflict with the published 95% clinical validation 
NPV, but rather co-exists within the larger 95% NPV clinical 
validation experience. The operative NPV experience 
reflects the selection bias that occurs when higher ROM 
GEC benign patients are selected for surgery out of good 
clinical judgement while not operating on all continuous 
GEC benign patients from the entire referral base. While 
the operative NPV from clinical experience studies is easy to 
calculate, it generates great confusion for the usual reader 
while actually offering little clinical meaning when generated 
outside of a comprehensive clinical validation study. This 
discussion (and Figure 5) highlight the importance of study 
design, and the potential misinterpretations of data that 
can emerge from clinical experience studies. 
Another limitation of clinical experience studies is that 
when Afirma GEC suspicious nodules are unoperated 
then test sensitivity among the operated cases is likely 
to be reduced (Figure 5). More importantly, exclusion of 
unoperated GEC benign nodules excludes a large number of 
truly benign nodules, which dramatically reduces estimates 
of specificity and NPV (11,42,46,50,51,54). However, as 

most cytologically indeterminate nodules are histologically 
benign, and because two clinical validation studies 
demonstrated a high NPV for Afirma, performance can 
be estimated amongst the 1468 GEC tested cytologically 
indeterminate patients in the published literature by pooling 
them together and considering GEC benign patients with 
malignancy found at surgery (ten patients) as malignant 
(false negatives), and GEC benign patients that underwent 
surgery and were histologically benign as benign (true 
negatives), or were GEC benign and not operated (704 
patients). Among these GEC tested patients across multiple 
clinical practices, the pooled accuracy of a GEC benign 
result (NPV) was >98% (95% confidence interval (CI) 97-
99%) (Figure 6) (4,9,31,41,42,44,45,46,47,48,49,50,51). 
These findings across academic and community-based 
practices are consistent with each other and the clinical 
validation of Alexander et al. (4) revealed an NPV of 94%. 
Two of the studies report a median follow-up of 1 year, 
while some patients had been followed more than 3 years. 
While it is true that some of the unoperated GEC benign 
patients may eventually be found to harbor malignancy 
over time, the consistently high estimated NPV seems 
unlikely to decline significantly. These data demonstrate a 

Figure 3. Eleven independent clinical utility studies. Afirma gene expression classifier result rate references (9,41,42,44,45,46,47,48,49,50,51)
GEC: Gene expression classifier
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very low prevalence of malignancy (1-NPV) in patients with 
cytologically indeterminate thyroid nodules that are Afirma 
GEC benign, and support clinical observation in lieu of 
diagnostic surgery for most GEC benign patients. 	

The accuracy of an Afirma GEC benign call (NPV) remains 
high amongst Hürthle cell cytology, although the rate 
of benign calls is lower. Hürthle cell cytology has been a 
challenge for molecular diagnostics. Performance can 
be increased by removing these samples from clinical 
testing (55), but this does not help the clinician who must 
manage these patients. There is an overlap in the molecular 
profiles of benign and malignant samples. To maintain the 
accuracy of a benign call, the GEC can only call about half 
of all Bethesda III and IV samples GEC benign (Figure 3). 
The overlap is even greater among Hürthle cell samples. 
Thus, to maintain the accuracy of a benign call, the GEC 
calls fewer samples as GEC benign, and more samples 
suspicious. Among 5 cohorts of Hürthle cell samples 

totaling 378 nodules with an Afirma GEC benign or 
suspicious result, 147 (39%) were called GEC benign 
(42,47,53,56). Thus, three patients must be tested to avoid 
1 surgery. Some observers have lamented that most Afirma 
results are suspicious in these cases while the prevalence 
of malignancy at surgery remains low within this group. 
However, there is no other validated method to determine 
which of these cases can safely avoid surgery. Brauner et 
al. (56) reported in a multicenter study of Massachusetts 
General Hospital, Brigham and Women’s Hospital, and 
Beth Israel Deaconess Medical Center that only 3 of 26 
Afirma GEC benign nodules underwent surgery (12%), and 
all were benign at surgical pathology, consistent with a high 
NPV. Including all Afirma benign and suspicious results, 
use of Afirma reduced the overall operative rate from 80-
81% among two control groups, to 65% when the Afirma 
GEC was used. To date only one false negative (malignant) 
Hurthle cell nodule has been called benign by the Afirma 

Figure 4. Afirma gene expression classifier clinical validation negative predictive value versus hypothetical “operative negative predictive value”. These 
phenomena co-exist, rather contradict each other. Outside of a properly designed clinical validation study (Figure 5), the “operative negative predictive value” 
from clinical experience studies creates significant confusion while offering little clinical value
*Alexander et al. (4), †Afirma gene expression classifier benign cases referred to surgery due to ultrasound features, ultrasound changes over time, nodule growth, etc., GEC: 
Gene expression classifier
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GEC in a published study (4). This high degree of accuracy 
among Afirma GEC benign results is remarkable given the 
typical high degree of disagreement at surgical pathology 
over a benign or malignant diagnosis (52). 

Implementation in Routine Clinical Practice

Physicians collect two extra FNAB passes for potential 
molecular testing with the Afirma GEC on every FNAB 
they perform, or have on-site rapid cytological assessment 
so that the GEC can be collected on every patient with 
indeterminate cytology during one patient visit (Figure 1). 
This patient-centric approach avoids the inconvenience, 
delayed diagnosis, and costs associated with repeating the 
FNAB should the first FNAB cytology results be indeterminate. 
The passed collected for Afirma are immediately placed in 

the Veracyte-provided RNA protective solution tube for 
storage and chilled box shipping (<25 °C). 

It is well known that cytologically indeterminate nodules 
may not be categorized as indeterminate if they undergo 
a repeat FNAB (57). While the hope of repeating the FNAB 
is to re-stratify cytologically indeterminate nodules as either 
cytologically benign or malignant, the ability of a cytology 
benign result on the second FNA to safely avoid surgery 
is unproven. Studies on this topic are imperfect as not all 
patients undergo surgery to establish histological truth, 
however, several studies indicate a ROM amongst nodules 
with a Bethesda III cytology followed by a benign cytology 
diagnosis that is between the risk of the two categories 
(44,57,58), with the highest being a 29% risk of cancer 
(57). Some evidence suggests that the same is true when 
one pathologist over-reads a cytologically indeterminate 

Figure 5. Clinical experience studies do not control for selection bias. Test performance is properly measured in clinical validation studies, while clinical utility 
is measured in clinical experience studies.
*Alexander et al. (4)
GEC: Gene expression classifier, NPV: Negative predictive value
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sample as cytologically benign (59). Indeed, investigators 
from Johns Hopkins University reported 7 operated 
patients with cytologically indeterminate FNAB findings 
and Afirma GEC suspicious results where their cytologists 
pre-operatively changed the cytology diagnosis to benign. 
Surgical pathology revealed malignancy in 29% of these 
cases (54). Thus, the risk of cancer among nodules with a 
benign cytology result after a repeat FNAB or after review 
by another cytopathologist, may exceed the ~5% or less 
ROM threshold of the NCCN to consider nodule observation 
(32,60). Similarly, the 2015 American Thyroid Association 
(ATA) guideline recognized these considerations against 
the role of repeat FNAB (13). Given the risk that a repeat 
FNAB may not eliminate the need for surgery, and the 
typical dislike of the FNAB procedure itself, some patients 
seek care elsewhere or elect diagnostic surgery rather than 
repeat FNAB. This seems like a lost opportunity as many 
of these patients may have benefitted from utilizing the 
Afirma GEC. For these reasons, it is strongly recommend 
that the GEC specimen be collected at the same time as the 
cytology sample during the first thyroid FNAB.

Clinical Decision Making

The PPV and NPV are determined by the pre-test ROM. To 
practice personalized medicine, it is important to consider 
the individual patient’s pre-test risk. The patient’s pre-test 
ROM includes their individual features (e.g. gender, history 

of childhood radiation treatment, ultrasound findings, 
serum TSH, etc.) and the interpreting cytologist’s thresholds 
to utilize cytology indeterminate categories. Ignoring this 
step of personalized care and assuming that every patient 
at a practice or institution has the same pre-test risk ignores 
important medical information. 

The 2015 ATA guidelines allow for either hemithyroidectomy 
or near-total/total thyroidectomy for thyroid malignancy 
1-4 cm in size without gross extra-thyroidal extension 
or clinical evidence of lymph node metastases (13). 
Thus, multiple factors must be taken into consideration 
when planning surgical intervention for cytologically 
indeterminate nodules, such as the risks and benefits, the 
presence of significant contralateral nodules, long-term 
follow-up, the role for completion thyroidectomy with or 
without radioactive iodine ablation if malignancy is found, 
and patient preferences. 

The 2015 ATA guideline emphasizes ultrasound 
characteristics to predict the nodule’s ROM (13). Afirma 
is expected to identify 90% of cancers as GEC suspicious, 
and 52% of the benign nodules as GEC benign, regardless 
of the pre-test ROM. High suspicion ultrasound patterns 
may be associated with a >70% ROM and are found in 
the minority of nodules with indeterminate cytology 
(58,59,61,62,63,64). In nodules with such a high pre-test 
ROM, the NPV of Afirma is expected to be <70%, so it may 
not be useful to avoid surgery in such cases. If an Afirma 
GEC benign result is obtained in such a case, surgical 

Figure 6. Consistently high estimated negative predictive value across 13 real-world studies. Negative predictive value calculated as true negatives (Afirma 
gene expression classifier benign and either unoperated or operated and histopathologically benign) divided by all gene expression classifier benign results
†Includes Bethesda III (atypia/follicular lesion of undetermined significance) and IV (follicular/Hürthle cell neoplasm). Figure updated from Steward and Kloos (53). References 
(4,9,31,41,42,44,45,46,47,48,49,50,51), NPV: Negative predictive value, CI: Confidence interval
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hemithyroidectomy might be appropriate. Alternatively, 
an Afirma GEC suspicious result would be expected to 
further increase the ROM. Bethesda III/IV nodule with 
high suspicious ultrasound pattern is expected to have 
a ROM similar to the average Bethesda V (suspicious for 
malignancy) nodule. The 2015 ATA guideline indicates that 
patients with Bethesda V cytology should be treated similar 
to a malignant (Bethesda VI) nodule. Alternatively, nodules 
with very low, low, or intermediate ultrasound suspicion are 
associated with a malignancy risk of 20% or less. These 
ultrasound findings are expected in the vast majority of 
cytologically indeterminate nodules. In these nodules, the 
Afirma GEC would be expected to have an NPV of 96% 
or higher, and clinical observation in lieu of surgery may 
be appropriate in the majority of such patients. Those 
with Afirma GEC suspicious results may be considered for 
hemithyroidectomy based on their expected <40% ROM. 

Follow-up of Afirma Gene Expression Classifier 
Benign Patients

The 2015 ATA guidelines do not provide recommendations 
on the follow-up of cytologically indeterminate nodules 
that are Afirma GEC benign (13). Angell et al. (31) found 
that Afirma GEC benign nodules showed similar growth as 
cytopathology-benign cases, with malignancy found in only 
1 Afirma GEC benign patient. The authors concluded that 
follow-up of Afirma GEC benign patients should be similar 
to that of cytology benign patients. The ATA guideline 
provides extensive detail and recommendations regarding 
the timing for follow-up for nodules with benign cytology 
that ranged from less than 12 months for those with high 
suspicion ultrasound patterns to potentially no follow-up for 
those with very low suspicion patterns (13). High suspicion 
sonographic pattern was recognized as a significantly better 
predictor of malignancy than nodule growth alone. Routine 
repeat FNAB was recommended only among cytologically 
benign nodules with high suspicion ultrasound patterns. 
For nodules with low or intermediate suspicion ultrasound 
patterns, only those that demonstrated growth or new 
suspicious sonographic features met criteria for repeat 
FNAB. The role of ultrasound follow-up for nodules with 
very low suspicion ultrasound patterns was less certain. 
For nodules found to be stable during follow-up the value 
of additional imaging was reported as low. The guideline 
suggested a diminishing frequency of additional ultrasound 
examinations for stable and asymptomatic nodules.

Cost-Effectiveness

An independent cost-effectiveness study found no 
difference in the number of missed cancers between 
paradigms with and without the Afirma GEC in a Markov 
model employing 10,000 Monte Carlo simulations of the 
expected range of probabilities for different potential 

outcomes (65). However, they did find that the Afirma 
paradigm reduced direct healthcare costs by $4,953 per 
five year episode of care, allowing $1,453 in direct savings 
using the then current Medicare reimbursement rates for 
surgery and the Afirma test, while modestly improving 
quality of life by 0.07 quality-adjusted life-year (QALY) 
(65). One criticism of this study has been the assumed test 
specificity of 75%, compared to the specificities of Afirma 
of 52% in Alexander et al. (4), as opposed to the specificity 
of 76% (95% CI 50-92%) in Chudova et al. (25). Still, cost 
savings/QALY was demonstrated in univariate analysis 
for specificity at the lowest value tested (60%) with cost 
savings and cost-effectiveness appearing likely at even 
lower specificities. 

Lee et al. (66) modeled cost-effectiveness of the Afirma 
GEC and a 7-gene panel alone, and in combination, for 
Bethesda III nodules in the US and Canadian healthcare 
setting. In the US, the most cost-effective strategy was the 
Afirma GEC followed by the 7-gene panel in GEC suspicious 
cases, while in Canada management without molecular 
testing was most cost-effective. Wu et al. (48) compared 
routine Afirma GEC testing to conventional management in 
a decision tree model and found routine Afirma GEC testing 
more effective and most costly with an incremental cost-
effectiveness ratio of $119,700/QALY, and found greater 
cost-effectiveness when either the prevalence of malignancy 
or the cost of the test were lowered. In Monte Carlo 
simulations, conventional management was the preferred 
strategy just over half the time. Base-case limitations of 
the both studies included that all Afirma GEC suspicious 
cases were directed to diagnostic hemithyroidectomy, and 
when malignant all cases then underwent completion 
thyroidectomy and added this significant cost. In practice, 
some patients may have elected total thyroidectomy 
and therefore avoided the added cost of completion 
thyroidectomy. In the model of Wu et al. (48), if more than 
just 3.1% of patients elected a total thyroidectomy instead 
of lobectomy in the absence of Afirma GEC testing then 
routine GEC testing became cost-effective. In a series of 
165 Bethesda III/IV nodules operated without Afirma GEC 
testing, we reported that the use of total thyroidectomy 
was as low as 39% for Bethesda III nodules in academic 
centers to as high as 60% in Bethesda IV nodules in 
community practice settings [(67) supplemental data]. 
These data support the cost-effectiveness of the Afirma 
GEC as it can replace not only hemithyroidectomy, but can 
also significantly replace usage of the even more expensive 
total thyroidectomy with clinical observation. In addition, 
the mandated second (completion) surgery among 
malignant cases in the Lee (66) and Wu (48) models is not 
consistent with ATA and NCCN guidelines which suggest 
that thyroid lobectomy may be adequate treatment for 
most of these patients (13,60). Further, Lee et al. (66) 
added substantial penalties for delayed diagnosis when 
Afirma GEC benign patients were found to have cancer, 
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including penalties for increased risk of cancer recurrence 
and death. These added costs are not consistent with 
the excellent outcome of known papillary thyroid cancer 
confined to the thyroid despite delayed treatment (68), or 
the excellent outcome of the few Afirma GEC false negative 
cases reported in the literature (31). Finally, the Lee et al. 
(66) model included significant costs for a yearly follow-up 
ultrasound examination of unoperated nodules, whereas 
the ATA guideline advocates for diminishing frequency of 
ultrasound follow-up over time (13). 

Additional limitations of the 3 cost-effectiveness studies 
described above include that none consider indirect costs 
due to time lost from work and impacted responsibilities of 
daily living as a result of surgery and its recovery. Neither 
Lee et al. (66) nor Wu et al. (48) include costs for potential 
perioperative death, occurring in up to three in 1000 patients 
(8,69,70,71,72,73,74). The study methodologies may 
underestimate the impact of complications on the patient, 
including voice outcomes (75,76) and hypoparathyroidism 
(77). Additionally, all of the studies measure quality-adjusted 
life expectancies by multiplying the time spent in the health 
state by the utilities assigned to those states. The base-case 
utilities assigned to uncomplicated surgery are quite high 
and leave little room to improve quality of life by avoiding 
unnecessary diagnostic surgery. It does not seem correct 
that quality of life is diminished from surgery only when a 
complication occurs. Li et al. (65) assigned a higher base-
case utility to an uncomplicated hemithyroidectomy than 
to observation, and the lower limit of the estimated utility 
range for observation was lower than the lower utility 
range of total thyroidectomy, suggesting that quality of 
life from observation could be worse than quality of life 
from an uncomplicated total thyroidectomy. These utility 
estimates (and those for complications) were derived from 
the opinions of people who have not undergone these 
procedures or experienced these complications. It seems 
likely that the value of avoiding diagnostic surgery may be 
greatly under-appreciated by those who have not actually 
experienced the event than those that have, a finding 
shown to be true for hypoparathyroidism (77). Future 
research is needed to better quantify relevant utility values 
so that changes in quality of life resulting from changes in 
patient care can be better measured. 

Malignancy Classifiers

While the current greatest value of molecular diagnostics 
among cytologically indeterminate nodules is to identify 
nodules that do not require surgery (a rule-out test), there 
is value to a test that can identify malignancy (a rule-in test) 
only when it alters clinical care to the benefit of the patient. 
Clinical care can be altered by enhancing the rationale for 
surgery, and more directly by altering the extent of surgical 
care (11). The Afirma Malignancy Classifiers include a 
BRAFV600E point mutation classifier, and a cassette for 

MTC. Additional cassettes automatically run with every 
Afirma GEC test screen for parathyroid tissue (benign and 
malignancy) (78), and metastases to the thyroid from 
malignant melanoma, breast, and renal cell carcinomas. 

MTC is frequently a cytological challenge to diagnose, 
and the field has had attention recently drawn to the 
low sensitivity of FNAB for the specific diagnosis of MTC 
(79,80). MTC cases are found among all 6 Bethesda 
cytological categories. When MTC is not recognized pre-
operatively then delayed diagnosis may result (79), and 
those that undergo surgery may not be pre-operatively 
evaluated for MEN2 associated hyperparathyroidism, 
or concomitant pheochromocytoma (81). Surgery on a 
patient with an unrecognized pheochromocytoma may 
result in death. MTC that is not specifically recognized pre-
operatively as MTC is unlikely to undergo the optimal initial 
surgery, typically considered to be a total thyroidectomy 
and central neck dissection at a minimum (81). In a recently 
study, only 18.7% of MTC patients underwent surgery for 
an accurate diagnosis (79). The Afirma MTC classifier has 
been evaluated in patients and tissue, and has exceptionally 
high sensitivity (96%), specificity (>99%), PPV (98%), and 
NPV (>99%) (82,83). With more than 40,000 Afirma GEC 
tests performed, Veracyte is aware of only one MTC case 
that was GEC suspicious, but not identified by the classifier 
as MTC, and 1 false positive case, an intra-parathyroidal, 
intra-thyroidal paraganglioma (82,84). The MTC classifier 
is routinely run and reported with every GEC test globally. 
In the US, the MTC classifier may be obtained without the 
Afirma GEC on Bethesda V or VI nodules.

Point mutations in BRAF are by far the most common 
genomic abnormality associated with papillary thyroid 
carcinomas, and nearly all are BRAFV600E mutations (85). 
The Afirma BRAFV600E classifier is based on the mRNA 
molecular signature of 128 genes (86). Compared to a 
sensitive quantitative PCR assay, high positive and negative 
percent agreement was demonstrated (PPA 90.4% and NPA 
99.0%). Establishing appropriate cut-off points to separate 
positive from negative tests is critical to avoid false positive 
results than can drive inappropriate treatment (87). When 
cut-offs are correctly established, BRAFV600E mutation 
is uncommon among Bethesda III and IV nodules, while 
it is more common among Bethesda V and VI nodules 
(67,86). Unlike RAS mutations (14,15,16,17,18,19,20,21), 
BRAFV600E mutations are almost exclusively found in 
malignant nodules (e.g. PPV ~100%). In a consecutive 
cohort of 7,066 de-identified FNABs, 3,187 samples were 
benign by Afirma GEC, of which none were Afirma BRAF 
positive (88). Thus, testing only Afirma GEC suspicious 
samples increases the rate of positive tests and decreases 
healthcare costs. The Afirma BRAFV600E classifier is 
accurate among samples that constitute up to 60% blood. 
Interestingly, a double-mutant that resulted in the V600E 
amino acid change but was negative by qPCR but was 
identified by the Afirma BRAF classifier. The non-diagnostic 
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rates were lower (7.6%) for Afirma BRAF than for qPCR 
(24.5%), a further advantage of using RNA in FNAB small 
sample biopsies. In the US, the BRAFV600E classifier is an 
option on Afirma GEC suspicious nodules, and Bethesda V 
or VI nodules without Afirma GEC.

Conclusion

Cytologically indeterminate nodules have historically been 
referred for surgery given that their ROM was above the 
typical threshold of ~5% for physicians to consider clinical 
observation in lieu of diagnostic surgery. Molecular diagnostic 
testing of these nodules has rapidly become accepted. Current 
guidelines include that molecular testing may be used among 
Bethesda III/IV nodules to add additional information about 
the nodule’s ROM. The 2015 ATA guideline reviews the 
molecular testing landscape, and voices caution over tests 
supported only by single center and unblinded validation 
data, and those with no published clinical utility data to 
demonstrate a change in clinical care and patient benefit as 
a result of the test. The Afirma GEC is the only molecular test 
supported by multicenter, prospective, and blinded validation 
data, and the only test supported by published clinical utility 
data demonstrating a dramatic reduction in diagnostic surgery 
for patients with benign Afirma GEC results. Nearly 1 out 
of every 2 Afirma GEC tests performed yields a molecularly 
benign result, and >80% of patients with a benign GEC 
result remain unoperated 3 years after the biopsy in real-
world experience. Reducing unnecessary diagnostic surgery 
improves patient safety, reduces healthcare costs, and 
improves patient quality of life. 
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