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Abstract

Purpose To systematically appraise and summarize the

available evidence about the diagnostic accuracy of ultra-

sound-guided fine needle aspiration biopsy (USFNA) for

thyroid malignancy, and to explore the integration of these

estimates with the probability of thyroid malignancy before

USFNA.

Methods A comprehensive search of multiple databases

from each database’s inception to August 2014 was per-

formed. Eligible studies included those that evaluated

patients with thyroid nodules who underwent USFNA and

subsequent evaluation by histopathology or long-term fol-

low-up.

Results We identified 32 studies at moderate risk of bias

evaluating the USFNA diagnostic characteristics for the

diagnosis of thyroid malignancy. Results were imprecise

and inconsistent across trials. The pooled likelihood ratio

(LR) of thyroid malignancy for a benign USFNA result was

0.09 (95 % CI 0.06, 0.14; I2 = 33 %), whereas the pooled

LR for a malignant result was 197 (95 % CI, 68, 569;

I2 = 77 %). In the case of a suspicious for follicular neo-

plasm result, the pooled LR for malignancy was 0.6 (95 %

CI, 0.4, 1.0; I2 = 84 %) and 8.3 (95 % CI, 3.6, 19.2;

I2 = 89) for a result of suspicious for malignancy.

Conclusion The available evidence regarding the diag-

nostic accuracy of USFNA warrants only limited confi-

dence due to risk of bias, imprecision, and inconsistency.

However, some USFNA results (benign, malignant) are

likely very helpful, by significantly changing the pre-test

probability of thyroid cancer.

Keywords Thyroid nodule � Thyroid cancer �
Ultrasound-guided fine needle aspiration biopsy �
Diagnosis

Introduction

About 70 % of adults have thyroid nodules on neck

ultrasound [1, 2]. Most of these nodules are never dis-

covered; however, the advent of imaging techniques has

contributed to their identification [3, 4]. Nodule features

detected through thyroid ultrasound help clinicians stratify

patients according to their risk of cancer before fine needle

aspiration biopsy is performed [5–8]. Given that 5–20 % of

patients with thyroid nodules have thyroid malignancy,
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clinical guidelines recommend thyroid ultrasonography in

the evaluation of thyroid nodules [5, 9, 10]. Suspicious

nodules then undergo ultrasound-guided fine needle aspi-

ration biopsy (USFNA) and cytological evaluation. In

general, clinicians will continue to monitor thyroid nodules

with benign cytology, while those with malignant cytology

will proceed to surgery. Nodules with indeterminate

cytology may receive diagnostic surgery, molecular test-

ing, or ongoing monitoring depending on the preferences of

clinicians and patients [10].

This widely accepted diagnostic strategy for thyroid

nodules has two important limitations. First, estimates of

the accuracy of each USFNA finding to detect malignancy

were reported mostly in single-center studies and vary

greatly across studies [11, 12]. Second, once obtained,

cytological findings loom large and dominate the diag-

nostic process, all but ignoring the likelihood of thyroid

cancer gleaned from the patient’s history and/or from the

ultrasonographic findings [5, 6]. Improvements in the

estimates of diagnostic accuracy of USFNA findings and

integration with estimates of the probability of thyroid

malignancy should improve the diagnostic process.

The goals of this study were to systematically appraise

and summarize the available evidence about the diagnostic

accuracy of USFNA findings, and to explore the integration

of these estimates with the probability of thyroid malig-

nancy before USFNA.

Methods

We performed a systematic review and meta-analysis

regarding the diagnostic characteristics of USFNA for

thyroid malignancy following a protocol and current

guidelines on the conduct and reporting of systematic

reviews of diagnostic accuracy [13].

Study selection

Type of studies

We searched for reports of randomized clinical trials, com-

plete cohort, and case-control studies that enrolled patients of

any age and gender with thyroid nodules undergoing USFNA

published in English. We excluded studies involving patients

with history of thyroid cancer, those reporting only on a

single diagnostic category and studies of fine needle aspira-

tion without ultrasound guidance.

Type of intervention (index test)

The test of interest was USFNA with results reported using

the Bethesda system, the British classification, or a

4-category scheme (benign, malignant, nondiagnostic, and

indeterminate) [14, 15]. This test involves the identification

of a thyroid nodule by ultrasound and ultrasound-guided

insertion of a fine needle for cell aspiration and subsequent

cytological interpretation.

Type of outcomes (reference test)

Our outcome of interest was the diagnostic accuracy of

USFNA of thyroid nodules for thyroid malignancy. The

reference standard was histopathological diagnosis from a

surgical specimen. When histology was not available, i.e.,

when thyroid nodules with benign cytology were followed

clinically rather than surgically removed, we considered

long-term follow-up without the emergence of malignant

features as an alternative reference standard. We described

the accuracy of the USFNA findings using the likelihood

ratios (LR) for each diagnostic category and for each

reporting system (Bethesda, British, four categories). LRs

quantify the ability of the test result to modify the pre-test

probability; a LR of 1 does not change it; 0.2 or 5 produce

moderate changes; 0.1 or 10 produce large changes to the

pre-test probability and are often seen with rule-in or rule-

out test results [16, 17]. Formally, LR is defined as the

probability of a specific finding in patients with disease

over the probability of the same finding in patients without

disease [16, 17]. We preferred to use these measures over

the more traditional sensitivity and specificity, because

they offer a more useful tool to integrate diagnostic accu-

racy measures into clinical decision-making [16–18].

Data sources and searches

An experienced reference librarian (P.E.), working with the

study’s lead investigator (N.S.O.), designed and conducted

a comprehensive search strategy using controlled vocabu-

lary and keywords for the concepts of diagnostic accuracy,

USFNA, and thyroid cancer. The strategy comprised Ovid

Medline In-Process and Other NonIndexed Citations, Ovid

MEDLINE, Ovid EMBASE, Ovid Cochrane Central

Register of Controlled Trials, Ovid Cochrane Database of

Systematic Reviews, and Scopus, from each database’s

inception to August 2014 (Online Appendix 1). We also

searched the reference list from previous systematic

reviews and consulted with local thyroid disease experts

seeking additional references that may have been missed

by our database search strategy.

Selection of studies

Reviewers, working independently and in duplicate,

reviewed all abstracts and titles for inclusion. After abstract

screening and retrieval of potentially eligible studies, the
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full text publications were assessed for eligibility. Dis-

agreements were resolved by consensus.

Data extraction

Using a standardized web-based form, reviewers collected the

following information, independently and in duplicate from

each study: country where study was conducted, number of

patients and of thyroid nodules, average age, gender, and thy-

roid nodule size. Additionally, we extracted technical aspects

of the index test such as operator experience (years performing

USFNA), method of aspiration (negative pressure vs. capil-

lary), number ofUSFNApasses aswell as anymeasurement of

inter-observer variability during the cytological examinationof

the specimens. Finally, we extracted true positive, true nega-

tive, false negative, and false positive values to construct a

diagnostic contingency (or 2-by-2) table for each cytological

outcome within each of the reporting systems evaluated.

Quality assessment

Reviewers, working independently and in duplicate, ana-

lyzed the eligible articles to assess their methods to protect

them from bias using the Quality Assessment of Studies of

Diagnostic Accuracy included in systematic reviews

(QUADAS-2) tool [19, 20]. This tool assesses the risk of

bias and applicability in terms of patient selection, index

test, reference standard, flow and timing [19, 20].

Author contact

We attempted to contact 47 authors of included studies by

email to verify and complete data that could not be dis-

cerned from the report; only 12 responded. We excluded

studies for which required information to judge eligibility

or to conduct key analyses remained unavailable after

thorough review of the published report and author contact.

Subgroup and sensitivity analysis

To explain possible inconsistencies across study results we

planned on conducting the following subgroup analyses for

diagnostic accuracy of USFNA: method of USFNA, operator

experience, needle gauge, number of aspirations, cytological

examination, probe frequency, reporting system for the index

test, reference standard use, risk of bias and age of population.

Data synthesis and statistical analysis

Meta-analysis

We used the random-effects model to pool likelihood ratios

for the diagnosis of thyroid malignancy and their respective

95 % confidence intervals. This analysis was carried out in

Meta-Disc [21] and Review Manager (Revman) [22]. This

model produces variance estimates that accounts for

within-study variance (precision) and between-study dif-

ferences in patients, methods, test performance, and ref-

erence standard performance (inconsistency). We used the

I2 statistic to assess for inconsistency across individual

studies, with I2[ 50 % indicating large inconsistency [23].

As a sensitivity analysis, we conducted a bivariate meta-

analysis, an approach that takes into account potential

threshold effects and the correlation between sensitivity

and specificity [24], as implemented in Statistical Analysis

System (SAS) software.

Results

Study identification

Our literature search identified 1085 abstracts, of which 32

studies were eligible (Fig. 1) [25–56]. These studies were

mostly conducted in adults, included more than 79,541

thyroid nodules (number of nodules not reported in one

study) with 15,641 undergoing surgical intervention, of

which 27 % harbored malignancy (Table 1). Due to

inconsistent reporting of long-term follow-up, the diag-

nostic accuracy analysis was based only on histopathology

as a reference standard. Of the 32 included studies, 22

Fig. 1 Study selection
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reported the USFNA outcomes in four categories [27–34,

36, 37, 39, 41, 42, 45–48, 51–53, 55, 56], eight used the

Bethesda system [25, 26, 35, 43, 44, 49, 50, 54], and 2 the

British classification [34, 36].

Risk of bias

Overall, the risk of bias was moderate to high due to the

study of nonconsecutive samples, lack of blinding when

retrospectively assessing the results of the index and ref-

erence tests, having few patients undergo evaluation with

the histopathological reference standard, and having

inconsistent follow-up and reporting of those followed

clinically. These features increase the risk of overestima-

tion of the diagnostic accuracy of the index test. A sum-

mary of the risk of bias evaluation of the included studies

is depicted in Fig. 2, representing the proportion of studies

deemed at high, moderate, or low risk of bias by the

reviewers in each of the seven QUADAS-2 domains.

Diagnostic accuracy by USFNA outcome

and reporting system

The diagnostic accuracy of USFNA was analyzed

according to USFNA outcome (all reporting systems

included), the Bethesda reporting system, or a 4 category

reporting system (Table 2). Overall, results in the cate-

gories of benign, malignant, and suspicious for malignancy

were associated with LR that significantly changed the pre-

test probability. A benign USFNA result was associated

with a LR of 0.09, 95 % CI 0.06–0.14, I2 = 33 %, whereas

a malignancy finding on USFNA was associated with a LR

of 197, 95 % CI 68–569, I2 = 77 %. These results suggest

these USFNA results (benign and malignant) all but rule-

out and rule-in malignancy, respectively. Consistent results

were found across reporting systems (Table 2). A distri-

bution of histology results according to USFNA category

and reporting system is found on Table 3.

Due to inconsistent reporting, we were unable to per-

form any of the planned subgroup analyses. As a sensi-

tivity analysis, we evaluated only studies deemed to be at

lower risk of bias (5 out of 7 QUADAS-2 criteria con-

sidered low risk). These estimates were compatible with

the main analysis. (Supplemental Table 1).

Discussion

Summary of the evidence

The body of evidence about the diagnostic accuracy of

USFNA is at moderate risk of bias which may overestimate

diagnostic accuracy estimates. These estimates areT
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imprecise (wide confidence intervals) despite pooling and

come from studies that report inconsistent estimates,

inconsistency that cannot be fully explained by the use of

different reporting systems. With these caveats, USFNA

results that are reported as benign, suspicious for malig-

nancy, or malignant have a large impact on the probability

of thyroid malignancy after the test; other results have a

smaller effect making management decisions dependent on

other clinical variables (nondiagnostic and indeterminate

results). These findings correlate with a study that evalu-

ated the concordance between central and local

histopathologists when interpreting USFNA results. As in

our review, the benign and malignant categories were

associated with the highest concordance between patholo-

gists; with central pathologist reporting a fewer number of

indeterminate diagnosis (found to be less helpful clinically)

compared to the local pathologists, highlighting the

importance of experience in the interpretation of USFNA

[57]. In addition, even when the USFNA biopsy has been

carefully performed and interpreted, the test has an

intrinsic limitation when trying to differentiate follicular

adenomas from carcinomas [14].

Limitations

Our review is limited by the possibility that our search

strategy may have missed studies, our language restriction,

and that studies had to be excluded due to incomplete

reporting of data. We have tried to mitigate these limita-

tions by engaging an expert librarian in designing the

search strategy [58] and by contacting study authors

although this was accomplished with only partial success.

Additionally, pooling methods such as the random effect

model have been questioned in diagnostic systematic

reviews. To overcome this potential limitation, we

conducted the analysis using a bivariate model. This method

accounts for the aforementioned variation and analyzes

sensitivity and specificity jointly [24]. Furthermore, we were

not able to conduct subgroup analysis of accuracy ofUSFNA

based on important clinical factors and help explain incon-

sistency in results across studies. Due to the moderate risk of

bias of the included studies (given than only a minority of

patients undergo histological evaluation), our results can

overestimate the diagnostic accuracy of USFNA. Also, our

findings do not apply to the less common thyroid malig-

nancies poorly represented in the included studies.

Applications for practice

To better understand these results, it is best to apply these

findings to clinical cases. Consider a nodule labeled as highly

suspicious for thyroid cancer based on US features, that is,

for every 10 such nodules we would expect to find malig-

nancy in eight of them [10]. If the USFNA result is benign

that number drops to about 3 in 10. One would hardly stop

evaluation and treatment at such a high likelihood of

malignancy. But one would stop for a nodule characterized

onUS features as having a low suspicion formalignancy, that

is, for every ten such nodules at most wewould expect to find

malignancy in one of them [10]. In that case, a benign

USFNA result all but excludes (\1 %) the possibility of

malignancy. So the same test result, a benign USFNA has

different implications depending on the probability of

malignancy—giving the characteristics of the patient and of

the nodule on US—before the USFNA is performed.

Another example would be if a highly suspicious nodule

is found to have a biopsy suspicious for follicular neo-

plasm, where the risk of thyroid cancer will be 71 %. In

this case, patients and clinicians might feel comfort-

able with a recommendation for diagnostic thyroidectomy.

In contrast, a nodule with intermediate suspicion for

Fig. 2 Risk of Bias using the QUADAS-2 instrument
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malignancy based on US features and the same USFNA

result (suspicious for follicular neoplasm) will have a 10 %

risk of malignancy. In this case, further diagnostic testing

(e.g., molecular testing) might be helpful before diagnostic

thyroidectomy is recommended.

Clinicians make intuitive and often implicit judgments

as they receive reports from US and USFNA about the

likelihood of malignancy. These may be open to error that

an explicit approach may reduce. Similarly, an explicit

approach may also be helpful in discussing cases with

trainees who have yet to form the kinds of intuitions that

guide judgments in more senior colleagues. Several

approaches are available to bring this so-called Bayesian

reasoning, to the clinic [18]. To facilitate a more explicit

Table 2 Summary of the meta-

analysis of diagnostic

performance of USFNA for the

diagnosis of thyroid malignancy

Category Sensitivity Specificity LR I2 (%)

A) Diagnostic performance of USFNA based on diagnostic outcome

Non diagnostic 0.029

(0.020–0.0452)

0.942

(0.918–0.959)

0.515

(0.336–0.791)

33

Benign 0.053

(0.035–0.079)

0.436

(0.363–0.512)

0.093

(0.063–0.139)

83

Suspicious for follicular neoplasm 0.166

(0.097–0.269)

0.727

(0.605–0.823)

0.608

(0.365–1.01)

84

Suspicious for malignancy 0.166

(0.112–0.239)

0.980

(0.956–0.991)

8.35

(3.63–19.23)

89

Malignant 0.559

(0.477–0.638)

0.998

(0.991–0.999)

196.77

(67.99–569.51)

77

B) Diagnostic performance of USFNA using a 4 category reporting system

Non diagnostic 0.031

(0.016–0.057)

0.924

(0.887–0.949)

0.403

(0.213–0.763)

16

Benign 0.056

(0.354–0.087)

0.375

(0.294–0.464)

0.089

(0.057–0.139)

64

Suspicious/indeterminate 0.224

(0.161–0.302)

0.758

(0.678–0.823)

0.923

(0.624–1.37)

89

Malignant 0.642

(0.557–0.719)

0.993

(0.980–0.998)

98.142

(33.674–286.28)

81

C) Diagnostic performance of USFNA using the Bethesda reporting system

Non diagnostic 0.024

(0.012–0.048)

0.952

(0.910–0.974)

0.504

(0.216–1.17)

44

Benign 0.059

(0.022–0.147)

0.583

(0.468–0.690)

0.141

(0.064–0.312)

82

AUS 0.068

(0.033–0.134)

0.830

(0.7–0.911)

0.405

(0.228–0.719)

73

Suspicious for follicular neoplasm 0.159

(0.081–0.290)

0.770

(0.646–0.860)

0.694

(0.398–1.21)

82

Suspicious for malignancy 0.136

(0.088–0.204)

0.973

(0.943–0.987)

5.07

(2.59–9.89)

43

Malignancy 0.394

(0.262–0.546)

0.998

(0.994–0.999)

239.83

(73.98–777.47)

0

Estimate, 95 % confidence interval

To calculate the diagnostic performance of each USFNA category of the included studies, we constructed a

two by two table, that included the test results as positive (cases with the diagnostic category of interest)

and the test result as negative (cases with any result except the diagnostic category of interest). For the

reference standard, a positive result were those found to have cancer on histology and a negative result all

cases without cancer on histology

The sensitivity was then calculated as TP/(TP ? FN); specificity as TN/(TN ? FP)

USFNA ultrasound-guided fine needle aspiration biopsy, AUS atypia of undetermined significance, LR

likelihood ratio
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use of the estimates reported here, we have developed a

calculator to determine the risk of malignancy for thyroid

nodules after a USFNA (freely available at http://www.

thyroidcarisk.mayo.edu/). In this tool, the user enters a best

guess of the probability of thyroid malignancy based on

clinical judgment (informed by prevalence, clinical, and

ultrasound features and their experience) or, alternatively,

uses the ATA ultrasonography risk stratification system for

thyroid nodules [10]. Then the user selects an USFNA

finding (e.g., malignant, benign). The resulting post-test

probability is represented in a 100-person pictogram [59].

This tool brings visual clarity to the process, allows for

what-if scenarios, and offers the opportunity to involve

patients into the decision-making process [60].

Applications for research

Our study identifies large knowledge gaps in the diagnostic

process of a common clinical problem, the management of

thyroid nodules. To the subjective estimates of a proba-

bility of malignancy from clinical and ultrasound features,

we add imprecise and perhaps biased estimates of the LR

for USFNA results based on the best available evidence. At

the extremes of these ranges, the resulting probability of

malignancy after USFNA may suggest different ‘next

steps’ emphasizing the need for additional research to

improve the validity and precision of our diagnostic

estimates. The Institute of Medicine has recently called for

a greater investment in diagnostic research to improve its

contribution to the value and safety of clinical care [61].

Opportunities for research are rich. For example, tools

that integrate clinical and ultrasound features to determine

a more precise pre-test probability are required. Moreover,

given that an important limitation of the included studies is

that these estimates are based only on the patients that

underwent surgery, [62] diagnostic studies with ideally low

risk of bias that provide consistent and complete follow-up

for patients should be conducted. Finally, this framework

provides clinicians with the opportunity to involve patients

into the decision-making process, especially when deciding

the next step of management based on action thresholds

taking into consideration their values and preferences.

However, formal studies assessing the impact of the use of

this tool on patient important outcomes and on engaging

them in shared decision-making would be needed.

Conclusion

The available evidence regarding the diagnostic accuracy

of USFNA warrants only limited confidence due to risk of

bias, imprecision, and inconsistency. However, some

USFNA results (benign, malignant) are likely very helpful,

by significantly changing the pre-test probability of thyroid

cancer.

Table 3 Distribution of

histology results by USFNA

category and reporting system

Benign Malignant Total % Malignant

USFNA diagnostic outcome

Nondiagnostic 814 175 989 17.7

Benign 6874 192 7066 2.7

Suspicious for follicular neoplasm 1479 622 2101 29.6

Suspicious for malignancy 89 644 733 87.9

Malignancy 61 2127 2188 97.2

13,077

USFNA 4 category reporting system

Nondiagnostic 557 58 615 9.4

Benign 4899 106 5005 2.1

Suspicious/indeterminate 1749 433 2182 19.8

Malignant 58 1124 1182 95.1

8984

USFNA Bethesda reporting system

Nondiagnostic 94 28 122 23.0

Benign 679 59 738 8.0

AUS 293 86 379 22.7

Suspicious for follicular neoplasm 748 326 1074 30.4

Suspicious for malignancy 75 236 311 75.9

Malignancy 3 460 463 99.4

3087
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