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Abstract Prior studies demonstrate that a novel genomic

test, the gene expression classifier (GEC), could identify a

benign gene expression signature in those nodules with

indeterminate cytology with a negative predictive value of

greater than 95 %. Examine the performance of the

AFIRMA gene expression classifier in predicting benign

and malignant nodules in patients with cytologically

indeterminate nodules. MEDLINE and EMBASE search

for studies meeting eligibility criteria between January 1,

2005, and August 30, 2015. A total of 58 studies identi-

fied. After excluding duplicates, case reports, reviews,

commentary, insufficient data, a total of seven studies

selected for analysis. We combined individual patient data

from seven studies that examined the GEC test for

indeterminate thyroid nodules. The reference standard for

determination of benign or malignant nodules was the

histopathology of the thyroidectomy specimen.

A QUADAS-2 report for all studies included in the final

analysis was tabulated for risk of bias and applicability.

The pooled sensitivity of the GEC was 95.7 % (95 % CI

92.2–97.9, I2 value 45.4 %, p = 0.09), and the pooled

specificity was 30.5 % (95 % CI 26.0–35.3, I2 value

92.1 %, p\ 0.01). Overall, the diagnostic odds ratio was

7.9 (95 % CI 4.1–15.1). Patients with benign GEC were

not followed long enough to ascertain the actual false-

negative rates of the index test. Our meta-analysis

revealed a high pooled sensitivity and a low specificity

for the AFIRMA-GEC test for indeterminate thyroid

nodules. This makes it an excellent tool to rule out

malignancy.
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Introduction

In a landmark research paper published in 2005, Jarzab

et al. [1] identified more than 19 genes expressed in pap-

illary thyroid cancer tissue and developed a potent

molecular classifier that could discriminate between pap-

illary thyroid cancer (PTC) and nonmalignant thyroid tis-

sue in the majority of samples. Since then, a gene

expression classifier (AFIRMA by Veracyte) was devel-

oped for commercial use and is considered the standard of

care for the identification of indeterminate nodule(s) that

are at higher risk of malignancy [2]. However, there are no

large-scale studies examining the diagnostic accuracy of

the test. This is due in large part to the fact that the rates of

indeterminate biopsy result vary widely among institutions.

Also, some tertiary care centers have reported contrasting

results. We performed a systematic review and meta-

analysis looking at the sensitivity and specificity of the

gene expression classifier since no study has ever reported

findings across different centers even though gene
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expression classifier has now become the standard of care

in the USA. We have also briefly looked at the clinical

utility of the test in a brief review about alternative

methods employed to distinguish benign and malignant

results.

Methods

Data sources and search

We searched in MEDLINE and EMBASE for literature

regarding gene expression classifier and indeterminate

thyroid nodules. Different meSH terms for PubMed/

MEDLINE as well as EMBASE were employed. A

detailed method of our search meSH terms has been elu-

cidated in the supplementary material (supplementary

material table a). The details about the search in EMBASE

are also outlined (supplementary material table b).

Study selection and eligibility criteria

The study search was conducted from January 1, 2005, to

August 30, 2015. We included studies which had infor-

mation on the performance of the AFIRMA gene expres-

sion classifier (AGEC; RNA method) for the diagnosis of

indeterminate thyroid nodules.

Inclusion criteria for studies

• Indeterminate thyroid result on FNA that included

Atypia of undetermined significance (AUS) or follicu-

lar lesion of undetermined significance (FLUS)

Suspicious for follicular/Hurthle cell neoplasm

Suspicious for malignancy

• Use of AFIRMA Veracyte gene expression classifier

test as a screening tool

• Thyroidectomy performed as a reference standard in at

least the cases where the index test was suspicious

Exclusion criteria for studies

• Opinions, reviews, case reports

• Lack of clear inclusion and exclusion criteria in the

individual studies

• Absence of thyroidectomy as a reference standard

• Other methods of gene expression analysis for indeter-

minate nodule(s) like mRNA

We included both prospectively and retrospectively done

studies. In the final meta-analysis, only studies which had

information on the true-positive (TP), true-negative (TN),

false-positive (FP), and false-negative (FN) rates were

included. The index test was the gene expression classifier

test for indeterminate thyroid nodules. The reference

standard was the histopathology of the thyroidectomy

specimen. The Bethesda System for Reporting Thyroid

Cytology: Atypia of undetermined significance (AUS) or

follicular lesion of undetermined significance (FLUS),

suspicious for follicular/Hurthle cell neoplasm, and suspi-

cious for malignancy were all considered as indeterminate

cytopathological result for the nodules [3].

Data extraction

Two authors (P.S. and R.K.) were involved in reviewing

the literature from MEDLINE and screened the titles and

abstract of the search results and retrieved all potentially

relevant reports, and one author (A.Y.) reviewed literature

from EMBASE. After selecting the studies that fulfilled the

initial screening, the reviewers split into two different

groups (P.S. and H.D. in group 1 and A.E., O.O., and RK in

group 2) and independently reviewed the selected studies

and screened the full texts to identify those that met the

inclusion criteria.

Reviewers determined whether the index test and the

reference test were performed according to the highest

standards with regard to patient selection (random vs dis-

crete), applicability (regional and/or tertiary centers

involved), risk of bias (independent interpretation of the

gene expression classifier as well as the thyroidectomy

histopathological sample), and flow and timing of the

assessment (GEC prior to thyroidectomy).

Quality review—QUADAS-2 reporting

Reviewers in groups 1 and 2 independently worked and

analyzed the eligible articles to assess the reported quality

of the methods using the QUADAS-2 reporting tool [4].

The QUADAS-2 tool is performed with 4 key steps:

framing of the review question, creation of the tool and

review-specific guidance, construction of the flow diagram,

and evaluation of bias and applicability [4].

A detailed system of QUADAS-2 questionnaire was

designed, and the responses on all the questions were

obtained for each individual study by the group. The

summary of the questionnaire is outlined below.

(1) Patient selection Risk of bias—Were the patients in

the GEC group as well as the thyroidectomy group (for

indeterminate thyroid nodules) both selected randomly?

Applicability—Was the patient included in the studies

from local and regional hospitals too or were they from

higher centers where the cytopathology is excellent? (2)

Index test Risk of bias—Was the GEC interpreted inde-

pendently prior to performance of thyroidectomy? Was the

result of the thyroid tissue cytopathology known prior to
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GEC? Applicability—Are there differences in the way

GEC tests were interpreted among the different tests used?

(3) Reference standard Risk of bias—Was the reference

standard interpreted without the knowledge of the GEC

result? Applicability—Was the reference standard (cy-

topathology of specimen) performed at the highest stan-

dards? Were any small centers involved? (4) Flow and

timing Risk of bias—Was there an appropriate interval

between the GEC and thyroidectomy cytopathology? Did

all patients receive thyroidectomy? Were patients without

thyroidectomy included in the analysis?

All differences were resolved through consensus within

the groups. If there was a difference in viewpoint between

the groups, it was resolved by majority opinion.

A QUADAS-2 report for all the studies included in the

final analysis was tabulated.

Data synthesis and statistical analysis

Using STATA (metandi command; Stata Corp., College

Station, TX), we performed a meta-analysis of diagnostic

test accuracy in which both the gene expression classifier

and the thyroidectomy histopathological sample were

considered as dichotomous variables (each having two

outcomes—benign or suspicious/malignant). The degree of

variability in study results was first evaluated by plotting

the sensitivity and specificity from each study on a forest

plot. The publication bias was evaluated using Eggers’ test

(funnel plot asymmetry that is measured by the intercept

from standard normal regression) [5]. This method though

useful has limited capacity to detect bias when meta-

analysis is done with a small number of studies [5].

The method to find the averages of the logs of diagnostic

odds ratio and the likelihood ratio has been described by

DerSimonian–Laird [6]. This method also termed the ran-

dom effects model (REM) which has been used to estimate

the various parameters in different meta-analysis [7–9].

We used the meta-DISC software for estimating the

pooled sensitivity, specificity, diagnostic odds ratio, and

likelihood ratio using the methods described by Deeks

et al. [10]. We tested for heterogeneity of data using the

i-square as well as H which is the square root of the Chi-

square heterogeneity statistic divided by its degrees of

freedom [11].

Using the Moses–Shapiro–Littenberg to study diagnos-

tic odds ratio variation according to threshold and fit

symmetrical or asymmetrical curves, a single graph of

sensitivity and specificity was created [summary receiver

operating characteristic (SROC)] that was weighted by

study size, and each data point represented a separate study

[12].

A bivariate normal model (a two-level mixed logistic

regression model, with separate binomial distributions for

the true positives and true negatives depending on the

sensitivity and specificity in each study) for the logit

transforms of sensitivity and specificity between studies

was created, using a generalized linear mixed model

approach to meta-analysis of sensitivity and specificity [13,

14]. This method that has been described by Reitsma et al.

[14] uses a sound and flexible approach in which

explanatory variables may be added to the model and may

lead to analysis of their independent effects on sensitivity

and specificity. Prediction ellipses and confidence intervals

within the ROC space were also created using the bivariate

model [14].

Results

Literature search

A comprehensive PubMed/MEDLINE search was done

using the following meSH terms -‘‘AFIRMA and/or thy-

roid’’ (20 papers), ‘‘AFIRMA and/or indeterminate thyroid

nodules’’ (18 papers), ‘‘gene expression classifier and/or

thyroid’’ (48 papers), and ‘‘gene expression classifier and/

or indeterminate thyroid nodules’’ (65 studies). EMBASE

search session yielded the following results (in parenthe-

sis)—Gene AND expression AND classifier AND thyroid

AND nodules (58), AFIRMA AND indeterminate AND

thyroid AND nodules (1), and Gene AND expression AND

classifier AND indeterminate AND thyroid AND nodules

(48). The details of search are in the flowchart (Fig. 1). The

search terms and results are in supplementary table a and

supplementary table b.

There were seven studies that qualified for our system-

atic review [15–21]. The details on the methodology and

QUADAS-2 grading are outlined in Table 1. The charac-

teristics of the studies included are shown in Table 2.

Meta-analysis results

The pooled sensitivity of the GEC (as estimated by the

DerSimonian–Laird method) was 95.7 % (95 % CI

92.2–97.9, I2 value 45.4 %, p = 0.09), and the pooled

specificity was 30.5 % (95 % CI 26.0–35.3, I2 value

92.1 %, p\ 0.01). The pooled positive LR was 1.20 (95 %

CI 0.996–1.44), and the pooled negative LR was 0.2 (95 %

CI 0.11–0.36). Overall, the diagnostic odds ratio was 7.9

(95 % CI 4.1–15.1). The results of the meta-analysis are

outlined in Table 3.

There was some degree of asymmetry in the funnel plot

as estimated by Eggers’ test, and this has been shown in

Fig. 2. The coefficient of slope was -0.46 [standard error

(SE) 3.68, t = -0.12, p[ (t) = 0.91]. The bias was 0.65

[SE 1.22, t = 0.53, p[ (t) = 0.62].
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The SROC curve has been shown in Fig. 3. The area

under the curve (AUC) was 0.87 (SE 0.07). The forest plots

showing the diagnostic odds ratio, positive likelihood ratio,

negative likelihood ratio, pooled sensitivity as well as

specificity have been shown in Fig. 4a–e.

The overall false-negative rate (1-sensitivity) was 0.04

(0.02–0.08), and the overall false-positive rate (1-speci-

ficity) was 0.69 (0.65–0.74).

The prediction ellipses for the HROC model have been

shown in Fig. 5.

Flow diagram describing study selection

Potentially relevant studies identified 
and searched for retrieval from 
EMBASE (n=107),MEDLINE/Pubmed
(n=151)

Articles retrieved for more detailed 
evaluation (n=58)

Studies included in the meta-analysis      
(n=7)

Studies excluded (n=51)
Other methods of molecular testing (n=10)
Opinions/commentary (n=8)
Reviews (n=5)
Case reports (n=1)
Different inclusion/exclusion criteria (n=11)
Lacking consistent reference standard (n=3)
Duplicate studies (n=3)
GEC Analytic performance studies (n=2)
Cost effectiveness studies (n=4)
Studies of other diagnostic testing (n=4)

Fig. 1 Flowchart showing

algorithm for screening and

study selection

Table 1 QUADAS-2 score reporting for all the studies included in the meta-analysis

Study ID Risk of bias Applicability

Patient

selection

GEC

test

Final

histopathology

Flow

risk

Patient

selection

GEC

test

Reference test

Histopathology of

thyroid sample

Alexander et al. [15] Low Low Low Unclear Low Low High

Mclver et al. [21] Low Low Unclear Low Low Low Low

Harrell et al. [18] Low Low High Low Unclear Low Low

Lastra et al. [19] Low Low Unclear Low Low Low High

Marti et al. [20] Low Low Low Low High Low Low

Han et al. [17] Low High Low Unclear High Unclear High

Alexander et al. [16] Low Low Unclear Low Low Low Low
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The bivariate logistic regression showed a coefficient of

3.72 (±0.60) for sensitivity and 1.65 (±0.39) for specificity.

The overall gradient-based log likelihood ratio was-28.14.

This has been shown in Table 4 in detail. The hierarchical

ordinal regression for ROC curves (HROC) showed

c = 2.77 (±1.01), h = 2.84 (±0.40), and b = 0.50 (±0.61).

The covariance between estimates of E(logit Se) and

E(logit Sp) was -0.09 in the HROC model.

Discussion

Fine-needle aspiration biopsy (FNAB) may not provide a

definitive diagnosis (benign or malignant) for thyroid

nodules [22]. The ambiguity is due to the fact that the

sample of cells obtained from the procedure may not be

representative of the entire nodule. This is a particular

problem with large nodules, leading some to recommend

surgery for cytological benign nodules of size greater than

4 cm. In addition, the sample obtained by fine-needle

aspiration does not provide information regarding capsular

invasion, especially for follicular neoplasms. The Bethesda

System for Reporting Thyroid Cytology (TBSRTC) has

significantly improved the accuracy of malignancy detec-

tion from 25.9 to 53.7 % while lowering the rates of

unnecessary thyroid surgeries [3]. Bethesda classification

Table 2 Summary of the

studies included in the analysis
Study ID Site of study GEC method Research method

Alexander et al. Local, regional, and tertiary RNA Prospective validation

Mclver et al. Tertiary RNA Prospective

Harrell et al. Local center RNA Not known? Retrospective

Lastra et al. Tertiary RNA Retrospective

Marti et al. Tertiary RNA Retrospective

Han et al. Tertiary RNA, DNA, BRAF Retrospective

EKA et al. Tertiary RNA Retrospective

Table 3 Pooled sensitivities—confidence intervals and heterogeneity results (REM)

Test parameter (pooled values) Value Confidence interval Heterogeneity Chi-square p value Inconsistency (I2, %)

Sensitivity 0.957 0.922–0.979 10.99 0.09 45.40

Specificity 0.305 0.260–0.353 76.29 \0.01 92.10

Positive likelihood ratio 1.198 0.996–1.440 56.57 \0.01 89.40

Negative likelihood ratio 0.2 0.111–0.357 4.85 0.56 0.00

Diagnostic odds ratio 7.857 4.100–15.057 6 0.42 0.00
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Fig. 2 Funnel plot outlining publication bias

Fig. 3 Summary receiver operating characteristic (SROC) curve

showing the overall result and area under the curve (AUC)
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Fig. 4 The forest plots showing

the diagnostic odds ratio,

positive likelihood ratio,

negative likelihood ratio, pooled

sensitivity as well as specificity
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for indeterminate FNAB has three subcategories: atypia of

undetermined significance (AUS) or follicular lesion of

undetermined significance (FLUS) with malignancy rate of

5–10 %, follicular neoplasm or suspicion for follicular

neoplasm with malignancy rate of 20–30 %, and suspicious

for malignancy with malignancy risk of 50–75 % [21].

Subsequent studies have found more variability in the

diagnosis of malignancy mainly in patients with AUS or

FLUS [22, 23]. In a study performed at a tertiary center of

more than 1150 FNAs, the indeterminate thyroid nodules

were reclassified into (1) indeterminate for neoplasia, (2)

follicular neoplasm, and (3) suspicious for malignancy

[23]. The corresponding malignancy rates on surgical

excision were 6, 14, and 53 %, respectively [23].

Different methods have been studied to distinguish

malignant nodules from benign ones in this heterogeneous

group of cytological specimens. Studies showing the utility

of core needle FNA for the diagnosis of indeterminate

nodules have been performed [24]. In a multivariate

logistic regression model, nodule calcification [odds ratio

(OR) 6.37], size (OR 1.75), nuclear atypia on cytology (OR

4.91), and tobacco use (OR 4.59) were found to be sig-

nificant predictors of malignancy in patients diagnosed

with follicular neoplasm who underwent surgery [25]. A

molecular technique of combining the expression of three

different genes, cyclin D2 (CCND2), protein convertase 2

(PCSK2), and prostate differentiation factor (PLAB), has

been shown to distinguish follicular carcinoma from fol-

licular adenoma with a sensitivity of 100 % and a speci-

ficity of 94.7 % [26].

Radiologists have developed scoring systems (such as

the Mayo, Park, and Kwak scores with area under the

receiver operating characteristic (ROC) curve values of

0.827 for Park scores and 0.822 for Kwak scores) to

identify the risk of malignancy in AUS/FLUS lesions [27].

The combination of real-time elastography and ultrasound

has been shown to different cytology results with different

malignancy rates [28, 29]. In the past, molecular testing for

BRAF and RAS gene mutations and RET/PTC and PAX8/

PPAR gamma gene rearrangements has shown the ability

to separate high risk from low risk nodules in persons with

AUS/FLUS [30]. However, even in an analysis of 1056

FNA samples with indeterminate cytology for multiple

mutations (BRAF V600E, NRAS codon 61, HRAS codon

61, and KRAS codons 12/13 point mutations and RET/

PTC1, RET/PTC3, and PAX8/PPAR gamma rearrange-

ments), false-negative (mutation-negatives) rates were 6,

14, and 28 % for AUS/FLUS, follicular neoplasm, and

suspicious for malignancy, respectively [31].

Our meta-analysis reveals a high pooled sensitivity and

a low specificity (as reported in the results section) for the

AFIRMA gene expression classifier test (AGEC) for

indeterminate thyroid nodules, which makes it an excellent

tool to rule out malignancy. The prevalence of malignancy

was 37.1 % in the pooled cohort with a positive predictive

value of 44.8 (95 % CI 40.4–49.4), suggesting that it is a

very useful diagnostic test to rule out malignancy. Based

on our data, one thyroid surgery could be avoided in

patients with indeterminate FNAB for every two AGEC

tests performed, assuming that [90 % of patients with

benign AGEC are followed conservatively. The cost sav-

ings from including a genetic test like AGEC can be sig-

nificant, realizing that the cost of hemithyroidectomy and

total thyroidectomy performed at inpatient facilities often

exceeds $20,000 in addition to the direct and indirect cost

of complications [29]. Young et al. [30] reported that 11 %

of patients undergoing thyroid surgery required a visit to

the emergency room at least once within 30 days and

nearly one quarter required a hospital admission.

There are several other factors to consider. According to

the Surveillance, Epidemiology, and End Results (SEER)

Program database (www.seer.cancer.gov), thyroid cancer

accounts for only 3.8 % of all cancers and 0.3 % of all

deaths due to cancer. The overall 5-year survival is greater

0
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Fig. 5 The prediction ellipses of the HSROC model

Table 4 Coefficients in the bivariate model (HROC)

Bivariate parameter Coefficient Standard error 95 % CI

E(logitSe) 3.72 0.60 2.55–4.89

E(logitSp) -1.65 0.39 2.42 to -0.88

Var(logitSe) 0.46 0.53 0.05–4.46

Var(logitSp) 0.77 0.51 0.21–2.80
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than 97.9 % (as of 2007) [32]. Interestingly, the overall

5-year survival has only marginally changed from 95.8 %

in 1995 to 97.9 % in 2007 [32]. According to the American

Cancer Society, the 5-year survival for stage I and stage II

disease is nearly 100 % for follicular and papillary thyroid

cancer (http://www.cancer.org/cancer/thyroidcancer/detai

ledguide/thyroid-cancer-survival-rates). Given the small

number of persons with indeterminate cytology, the mor-

tality as well as morbidity of this subgroup is likely to be

very low. This was specifically reported in a study by

Trimboli et al. [33] in endocrine. The diagnosis of suspi-

cious and/or malignant nodules with the AGEC might quite

simply represent a lead time bias with little change in

overall survival. A study has suggested that molecular

testing for indeterminate nodules only alters management

in a small subset of persons [17]. Nevertheless, AGEC

might have substantial benefits in lowering costs of hos-

pitalization and surgery in light of the current practice of

medicine [34].

The gene expression classifier may not perform well in

Hurthle cell neoplasms, and a suspicious GEC result may

not increase the probability of malignancy (25–35 %

pretest rate) in this cytopathology subgroup [35]. Even

more advanced multiplatform testings (with DNA, mRNA,

and micro-RNA) are being used that may have a higher

sensitivity and specificity of over 85 %, respectively [36].

Our study has limitations. Since there is heterogeneity in

the different studies, the distribution of subgroups of

indeterminate cytology (AUS, Hurthle cell neoplasm, fol-

licular neoplasm, and suspicious for malignancy) might be

different in the individual studies thereby resulting in dif-

ferent sensitivities and specificities. Since many of those

with benign GEC do not undergo thyroidectomy, the true-

and false-negative rate of GEC might be underestimated,

especially since the progression and mortality of localized

thyroid cancer are very low. It might take a few more years

before the actual false-negative rates are assessed.

Conclusions

Gene expression classifier is a useful molecular test to rule

out malignancy in thyroid nodules that have an indeter-

minate cytology, though the long-term benefits in reducing

mortality and morbidity are unclear. The test might prevent

some unnecessary thyroid surgeries, but for many persons

it might represent an additional layer of testing prior to

diagnostic thyroidectomy.

Overall GEC can be considered a risk assessment tool

for a patient with follicular neoplasm, FLUS, and AUS on

thyroid nodule FNA. Combining the results of the test with

some other risk assessment modalities will probably be

proven to increase the positive predictive value, which is

one of the limitations of the GEC (50–70 % with positive

GEC results who undergo surgery will be proven to have

benign thyroid nodule on surgery). The combined use of

GEC and a specific genetic testing, which has high positive

predictive value, will be a more cost-effective approach

that may be used for these patients in the future.
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