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Abstract

Objective: Ultrasound (US) is the pivotal procedure during the diagnostic work‐up of

thyroid nodule and several US‐based risk stratification systems (RSSs) have been

recently developed. Since the performance of RSSs in detecting medullary thyroid

carcinoma (MTC) has been rarely investigated, the present systematic review aimed

to achieve high evidence about (1) how MTC is classified according to RSSs; (2) if

RSSs correctly classify MTC at high risk/suspicion, and (3) if MTC is classified as

suspicious at US when RSSs are not used.

Design: The review was performed according to MOOSE. The online search was

performed by specific algorithm on January 2022. A random‐effects model was used

for statistical analysis.

Results: Twenty‐five papers were initially included and their risk of bias was generally

low. According to ATA system, 65% of MTCs was assessed at high suspicion and 25%

at intermediate suspicion. Considering all RSSs, a 54.8% of MTCs was put in a high‐

risk/suspicion category. Pooling data from studies without data of RSS the prevalence

of ultrasonographically suspicious MTCs was 60%.

Conclusions: As conclusion, MTC presentation according to RSSs is partially known

and it is classified in a high‐risk/suspicion category of RSSs in just over a half of

cases. This advises for further studies, ideally supported by international societies, to

better define the US presentation of MTC.
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1 | INTRODUCTION

Ultrasound (US) examination is the pivotal procedure during the

initial diagnostic workup of thyroid nodule.1 Since using single US

parameters to manage patients with thyroid nodule can have

suboptimal efficacy, during the last years the major international

societies in the thyroid field have developed and published specific

systems to assess the risk for malignancy of thyroid lesions (risk

stratification systems [RSSs], often reported as Thyroid Imaging

Reporting And Data Systems [TIRADSs]).2–12 With the advent of

RSSs/TIRADSs most of us have experienced a general improvement

of diagnostic performance and, importantly for clinical practice, have

aligned to a common standard lexicon for descripting nodule and

defining suspicious characteristics.13 However, some shadows seem

appearing alongside a number of lights. First, we must take into

account that almost all knowledge about the US presentation of

thyroid malignancy is based on papillary carcinoma (PTC). In fact, PTC

represents the largest part of thyroid malignancies. In addition, since

1990s all of us have looked as at risk of malignancy those nodules

with PTC‐like presentation and have mainly indicated biopsy

accordingly. Nevertheless, while PTC can be detected on cytological

preparation, follicular carcinoma (FTC) is invariably cytologically

indeterminate, and medullary carcinoma (MTC) is diagnosed at

cytology in about a half of cases.14,15 As result, when we speak

about US and/or RSSs/TIRADSs performance in detecting thyroid

malignancy, we are really referring to PTC and we have sparse data

about FTC and MTC.16

In this context, the case of MTC is particularly challenging. Its

diagnosis remains difficult during clinical practice, calcitonin is the

most accurate diagnostic marker but its routine use in all patients

with thyroid nodule is not universally accepted, and its US

presentation is not fully known. The present systematic review was

undertaken to achieve high evidence about the US presentation of

MTC, considering or not its classification according to US‐RSSs/

TIRADSs. Specifically, the present study aimed to evaluate (1) how

MTC is classified according to RSSs/TIRADSs, (2) if RSSs/TIRADSs

classify MTC at high risk/suspicion and indicate for biopsy, (3) if MTC

is classified as suspicious at US when RSSs/TIRADSs are not used.

2 | METHODS

2.1 | Conduction of review

The systematic review was performed according to Meta‐analysis Of

Observational Studies in Epidemiology (MOOSE).17

2.2 | Search strategy

A six‐step search strategy was planned; (1) sentinel studies were

searched in PubMed; (2) keywords and MeSH terms were identified;

(3) the terms medullary thyroid carcinoma, ultrasound, TIRADS were

searched in PubMed; (4) PubMed and Cochrane were searched;

(5) studies reporting US data of MTC were detected and studies with

less than 10 MTCs were excluded from meta‐analysis; (6) references

of included studies were screened for additional papers. The last

search was performed on 5 January 2022. Articles in all languages

were initially included and those not in English were translated,

when appropriate. No publication year restriction was applied. Two

investigators (G. F., P. T.) independently and in duplicate searched

papers, screened titles and abstracts, reviewed the full‐texts and

selected articles for inclusion.

2.3 | Data extraction

Following information was extracted independently by the above

two authors in a piloted form: (1) general information on the study

(author, year of publication, country, study type, number of patients,

number of MTC nodules, number of MTCs nodules classified as

suspicious or not at US and/or according to RSSs/TIRADSs.2–12 The

main paper and supplementary data were searched; if data was

missing, authors were contacted via email. Data were cross‐checked

and discrepancies were discussed.

2.4 | Study quality assessment

The risk of bias of included studies was assessed independently

by one author (L. S.). The National Heart, Lung, and Blood Institute

Quality Assessment Tool was used. Following items were evaluated:

study question; eligibility criteria; sample size calculation; description

and delivering of intervention; definition of outcome measures;

duration of follow‐up; blinding; loss to follow‐up; statistical methods.

Each domain was assigned low, high or not reported.18

2.5 | Statistical analysis

The characteristics of studies were summarized and following data

were extracted: (a) the proportion of MTC at high risk/suspicion; or

(b) the proportion of MTC at high risk/suspicion in which FNA was

indicated; or (c) the proportion of MTC in which FNA was indicated

despite the RSSs classification. When at least four studies can be

pooled, a proportion meta‐analysis was performed to calculate:

(1) the pooled proportion of MTCs classified into RSSs/TIRADSs

categories; (2) the proportion of MTCs classified as suspicious at US

where studies did not classify them according to RSSs/TIRADSs.

Heterogeneity was assessed by using I2 and a value ≥50% mean high

heterogeneity. A random‐effects model was used. Pooled data were

presented with 95% confidence intervals (95% CI). Meta‐regression

analysis was performed when heterogeneity was found. A p < 0.05

was regarded as significant. Statistical analyses were performed using

OpenMeta[Analyst] (open‐source software developed by the Center

for Evidence Synthesis in Health, Brown University).
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3 | RESULTS

3.1 | Studies retrieved

A total of 740 records were found by the above search strategy and,

after reviewing title and abstract; 38 papers were initially selected for

retrieving their full‐text. Finally, 25 studies could be included in the

systematic review (Figure 1).19–43

3.2 | Study quality assessment

The risk of bias of the included studies is shown in Supporting

Information. Specifically, Table S2 summarizes the quality assess-

ment of the 25 included studies. The risk of bias for each study

could be judged as low in 12 of 14 items. By contrast, studies

reported anything about power or sample size justification.

Participation rate of eligible patients was not mentioned in any

of the included studies.

3.3 | Qualitative analysis (systematic review)

The 25 articles19–43 found according to the criteria of the present

systematic review were published between 2002 and 2021. The

authors were from eastern countries in 18 papers, European in five,

and American in two. Overall, there were 1698 MTCs. All of

studies presented retrospective series of MTCs with a sample size

ranging from 14 to 189 cases. The study period of the retrospective

enrolment of MTC was between 2 and 20 years and generally

started before the era of RSSs/TIRADSs (i.e., 20092,3). General

characteristics of the 25 studies are illustrated in Table 1. Among

the 25 articles, nine reported performance data of at least one

RSS/TIRADS, other five classified MTCs as suspicious or not at US,

and the remaining 11 did not reported US data to be pooled in a

meta‐analysis (Table 2).

3.4 | Quantitative analysis (meta‐analysis)

According to the available data retrieved in the articles, among all

RSSs/TIRADSs it was possible to perform only a meta‐analysis

pooling ATA data. There were four studies reporting the distribu-

tion of a total of 340MTCs over the ATA categories23,24,27,31

(Reference [24] classified according ATA system 120/129 cases).

The pooled prevalence of MTCs in the five categories of American

Thyroid Association (ATA) is reported in Table 3. Heterogeneity

was found only in intermediate‐ and high‐suspicion category. The

heterogeneity was explored with a meta‐regression using the

sample size (< or > 100MTCs) as covariate but it was not solved.

Since the high‐risk/suspicion categories of the RSSs/TIRADSs

are generally associated to similar risk of malignancy,44 the pooled

prevalence of MTCs classified at high risk according to any RSSs/

TIRADSs were calculated. There were six studies22–25,27,29,31 report-

ing MTCs classified according to several RSSs/TIRADSs, with some

series of them classified according to two or more systems. When

these series were pooled, a 54.8% of MTCs was put in a high‐risk/

suspicion category with significant heterogeneity. The heterogeneity

was explored with a meta‐regression using RSS/TIRADS as covariate

but inconsistency was not deleted (Figure 2).

When the indication for biopsy according to RSSs/TIRADSs was

searched, this data was found only in the study by Matrone et al.23

Then, a meta‐analysis was not performed.

There were five studies with no RSSs/TIRADSs data.26,32,35,41,42

Overall, they reported 428 MTCs classified as suspicious or not. The

procedure to classify MTCs as suspicious or not is reported inTable 4.

As illustrated in Figure 3, the prevalence of ultrasonographically

suspicious MTCs ranged from 37.7% to 75.3% and the pooled value

was 60.5% with significant heterogeneity. The last one was explored

with a meta‐regression using the sample size (< or >100MTCs) as

covariate but inconsistency was not solved.

4 | DISCUSSION

To diagnose MTC is still a challenge. Even if calcitonin represents

the most accurate diagnostic tool to detect MTC, its measure-

ment is affected by several technical factors46 thus limiting its

F IGURE 1 Flow of records searched according to the present
systematic review.
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routine use in clinical practice in the enormous number of

patients with thyroid nodule. In this context, a discrepancy

between the major international societies exists: 2006 European

Thyroid Association (ETA) consensus recommended in favour of

testing for calcitonin in all patients during their initial workup,47

2010 ETA, American Association of Clinical Endocrinologists

(AACE) and Associazione Medici Endocrinologi (AME) guidelines

recommended to measure calcitonin in some specific clinical

conditions,5 and 2015 ATA guidelines do not recommend for nor

against the routine calcitonin measurement.10 With this premises,

achieving the highest evidence about the accuracy of US, and

RSSs/TIRADSs in particular, has major interest for our clinical

practice.

The present study was undertaken to achieve a comprehen-

sive reappraisal of the US presentation of MTC, according and not

to RSSs/TIRADSs. A number of 25 studies were retrieved by

systematic review and 1698 MTCs with US description were

included. As initial results, a meta‐analysis of the distribution of

MTCs over the RSSs/TIRADSs categories could be performed

only for ATA system. Data from those 11 articles which did not

meet the criteria to be included in the meta‐analysis was reported

in Table 5; as detailed in this table, the presentation of MTC was

quite heterogeneous. This intrinsically confirmed that the MTC

presentation at US has not been enough explored in terms of

RSSs/TIRADSs performance. When considering the ATA system,

we could find that a 65% of cases was put into the high‐suspicion

category. Unfortunately, the available data in the studies did not

allow to evaluate the reliability of RSSs/TIRADSs in indicating for

biopsy. Finally, a percentage of 54.8% among MTCs is at high

risk/suspicion according to RSSs/TIRADSs. Lastly, a 60% of

TABLE 1 General characteristics of studies included in the present systematic review

Ref. First author Country Year Journal Case enrolment Study period MTC

[19] Zhao China 2021 Endocrine Retrospective 2010–2015 189

[20] Zhu China 2021 BMC Cancer Retrospective 2009–2018 74

[21] Zhao China 2021 Cancer Imaging Retrospective 2015–2017 78

[22] Ning China, South Korea 2021 Asian J Surgery Retrospective 2006–2018 127

[23] Matrone Italy 2021 Eur J Endocrinol Retrospective 2014–2020 152

[24] Hahn South Korea 2021 Acta Radiol Retrospective 1999–2017 129

[25] de Oliveira Brasil 2021 Arch Endocrinol Metab Retrospective 2013–2018 19

[26] Wang China 2020 Technol Cancer Res Treat Retrospective 2008–2018 73

[27] Li China 2020 Clin Endocrinol (Oxf) Retrospective 2010–2019 29

[28] Guo China 2019 Chin Med J (Engl) Retrospective 2011–2016 71

[29] Yun South Korea 2018 Endocrine Retrospective 2003–2016 57

[30] Wang China 2016 Pak J Pharm Sci Retrospective 2014–2015 20

[31] Valderrabano USA 2016 Thyroid Retrospective 1998–2014 30

[32] Cho South Korea 2016 Asian Pac J Cancer Prev Retrospective 2007–2010 130

[33] Bao China 2016 Zhonghua Yi Xue Za Zhi Retrospective 1993–2013 72

[34] Zhou China 2015 J Ultrasound Med Retrospective 2008–2013 38

[35] Trimboli Switzerland, Italy 2014 J Exp Clin Cancer Res Retrospective 2007–2013 134

[36] Sesti Austria 2014 Anticancer Res Retrospective 2003–2009 28

[37] Choi South Korea 2011 Acta Radiol Retrospective 2000–2008 36

[38] Lee South Korea 2010 AJR Am J Roentgenol Retrospective 1997–2008 46

[39] Cai China 2010 Chin Med J (Engl) Retrospective 1998–2009 35

[40] Kim South Korea 2009 Korean J Radiol Retrospective 2002–2007 21

[41] Fukushima Japan 2009 World J Surg Retrospective 1988–2007 77

[42] Boér Hungary 2003 Eur J Surg Oncol Retrospective 1992–2000 14

[43] Saller Germany 2002 Exp Clin Endocrinol Diabetes Retrospective 1995–2001 19

Note: Records are ordered according to their year of publication.

Abbreviation: MTC, medullary thyroid carcinoma.

FERRARAZZO ET AL. | 535

 13652265, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cen.14739 by B

iblioteca universitaria di L
ugano, W

iley O
nline L

ibrary on [30/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



MTCs was classified as suspicious when RSSs/TIRADSs were

not used. The herein reported results should be discussed taking

into account one previous meta‐analysis on this topic.31 That

study investigated the frequency of single US features (i.e., solid

composition, hypoechogenicity, irregular margins, taller‐than‐

wide shape, micro‐ and macrocalcifications) in MTC, and assumed

that, based on pooled findings, >95% of MTCs would be classified

at least in the intermediate‐suspicion pattern according to ATA,10

warranting the lowest‐size threshold for biopsy. Considering that

the paper by Valderrabano et al.31 was published just after the

publication of ATA guidelines and no data about RSSs/TIRADSs

were available, the present study represents an important

advancement in the field of MTC presentation. Indeed, these

findings extend the information about the US, and allows us to

know what is the performance of current RSSs/TIRADSs,

especially that of ATA.10

The present findings prompted us to discuss their clinical

implications. Ultrasound is the pivotal in‐office procedure to

stratify the risk of malignancy of thyroid nodules of our patients.

In fact, we generally indicate for biopsy, clinical follow‐up or

other options according to US presentation of nodules. Even if

this is a largely‐proven careful strategy to detect the majority of

cancers (i.e., PTC), we are aware that the less common

malignancies might be overlooked. Among the latter ones, the

detection of MTC has to be considered. As above, the routine

testing for calcitonin in all thyroid nodule patients is not

universally accepted and some societies are neither in favour

neither against it. Thus, on one hand we have no rule to identify

patients in whom the calcitonin evaluation is needed (with the

exception of specific situation as familiarity for MTC), on the

other hand, when we face patients with high calcitonin levels and

multinodular goiter, we have no rule to select nodule(s) for

biopsy. Furthermore, the accuracy of cytological examination is

recognized as poor14 while the measurement of calcitonin in

needle washout is near to excellent but not routinely per-

formed.15 In the context of multinodular goiter, further imaging

procedures (e.g., molecular imaging procedures) could be of value

in identifying both primary MTC and its regional and distant

metastatic involvement.48,49 Basically, we need some strategies

to measure calcitonin appropriately in our patients, use appropri-

ate imaging procedures (ultrasound and other) according to

TABLE 2 Available data to perform a meta‐analysis

Ref First author
Suspicious/
unsuspicious US

Modified
TIRADS

Horvath
TIRADS3 ACR‐TIRADS9 EU‐TIRADS11 K‐TIRADS12 ATA10 AACE5,8

[19] Zhao x (incomplete)

[21] Zhao x

[22] Ning x (incomplete)

[23] Matrone x x x x x

[24] Hahn x x

[25] de Oliveira x

[26] Wang x

[27] Li x x

[29] Yun x

[31] Valderrabano x

[32] Cho x

[35] Trimboli x

[41] Fukushima x

[42] Boér x

Note: Two studies19,22 presented data of some ACR‐TIRADS categories only.

Abbreviations: AACE, American Association of Clinical Endocrinologists; ACR, American College of Radiologists; ATA, American Thyroid Association;
EU, European; K, Korean; TIRADS, Thyroid Imaging Reporting And Data System; US, ultrasound.

TABLE 3 Distribution of MTCs over the five classes of ATA risk
stratification

Pooled proportion (95% CI) I2

ATA benign (n = 1) 0.006 (−0.002 to 0.014) 0%

ATA very low
suspicion (n = 5)

0.012 (−0.002 to 0.026) 21.2%

ATA low suspicion (n = 22) 0.057 (0.025 to 0.088) 28.9%

ATA intermediate
suspicion (n = 98)

0.249 (0.122 to 0.376) 84.7%

ATA high risk (n = 205) 0.651 (0.501 to 0.801) 86.9%

Abbreviations: ATA, American Thyroid Association; CI, confidence
interval; MTC, medullary thyroid carcinoma.
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calcitonin levels to localize MTC, and perform biopsy (with

calcitonin measurement in needle fluids) when indicated. An

MTC‐specific/adapted US RSS/TIRADS should be developed.

Limitations and strengths of the present review should be

discussed. First, all the included studies were retrospective.

Second, the sample size of the studies was often small. Indeed,

the prevalence of MTCs among all malignancies was unknown

through the studies thus limiting the reliability of the selected

samples. Third, sparse data about calcitonin levels were reported;

as a consequence, the indication for biopsy and/or thyroidectomy

was not explored thus introducing a selection bias. Fourth,

the available data in the included studies did not allow to further

explore the heterogeneity, when found. Lastly, one paper,33

non‐included in the meta‐analyses, was written in Chinese

language and was translated in English with potential interpreta-

tion bias.

Based on the present systematic review, we can conclude that:

(1) MTC presentation according to RSSs/TIRADSs is partially known

F IGURE 2 Pooled proportion of medullary thyroid carcinomas (MTCs) classified at high risk/suspicion according to risk stratification
systems/thyroid Imaging Reporting And Data Systems (RSSs/TIRADSs). Diamond (yellow for subgroup, blue for the whole group) indicates the
pooled proportion and its wideness indicates 95% confidence interval (CI). Square indicates the study sample size and line indicates 95% CI. The
studies by Matrone et al.,23 Hahn et al.24 and Li et al.27 classified their series of MTCs according to five, two, and two different RSSs/TIRADSs,
respectively.

TABLE 4 Modality of evaluation and classification of MTCs adopted by those five studies in which no RSS/TIRADS was used

Ref. First author Procedure to re‐evaluate US images Procedure to assess MTCs as suspicious or not

[26] Wang 2 sonographers with more than 10 years of experience

reviewed US images blinded to clinical data, other imaging
findings, and pathology results.

Malignant US features were irregular margin, marked

hypoechogenicity, microcalcifications, and taller‐than‐wide
shape.

[32] Cho Retrospective review of US images was performed by

2 radiologists with 5 and 15 years of experience blinded to
pathologic results.

Malignant features were marked hypoechogenicity,

microlobulated or irregular margins, microcalcifications, and
taller than wide shape.

[35] Trimboli US images were reviewed by 4 reviewers with more than
10 years of experience in thyroid US.

MTCs were classified according to a 5‐class system.45 Nodules
with ≥3.5 were regarded as suspicious.

[41] Fukushima Not detailed MTCs were classified according to a 5‐class system.45 Nodules
with ≥3.5 were classified as suspicious.

[42] Boér Not detailed Not detailed

Abbreviations: MTC, medullary thyroid carcinoma; RSS, risk stratification system; TIRADS, Thyroid Imaging Reporting And Data System; US, ultrasound.
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because of the sparse literature about; (2) MTC is classified in a

high‐risk/suspicion category of RSSs/TIRADSs in just over a half of

cases; (3) MTC is suspicious at ultrasound in 60% of cases when

RSSs/TIRADSs are not used for clinical practice. We advise for

further studies, ideally supported by international societies, to

better define the US presentation of MTC and then improve the

accuracy of RSSs/TIRADSs.
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F IGURE 3 Pooled prevalence of medullary thyroid carcinomas (MTCs) classified as suspicious at ultrasound (US). Diamond indicates the
pooled proportion and its wideness indicates 95% confidence interval (CI). Square size indicates the sample and its line indicates 95% CI.

TABLE 5 Summary of findings reported in the 11 papers included in the systematic review but not in the meta‐analyses

Ref First author Main findings

[20] Zhu Tumour size >40mm, capsular invasion, metastatic cervical lymph nodes positively correlated with the risk of postoperative
recurrence of MTC.

[28] Guo In presence of cystic change, circumscribed margin, regular shape, no calcification, no rich vascularity, and normal cervical lymph
nodes, MTC is easily misdiagnosed as benign by US.

[30] Wang The higher frequency US presentation of MTC was the low‐echo tumour in round or quasi‐circular shape, with obscure

boundary and often combined with rough calcification.

[33] Bao The common US findings for MTC were solid composition, hypoechogenicity, regular sharp, well‐defined margin, and

calcifications.

[34] Zhou Sonographic features of MTC are similar to those of small papillary carcinomas but greatly different from those of large
papillary ones.

[36] Sesti US can detect recurrent MTCs with an accuracy positively correlated with calcitonin levels.

[37] Choi The predominant US findings of MTC included solid internal content, round‐to‐oval shape, smooth margins, hypoechogenicity,
and micro‐ or macro‐calcifications.

[38] Lee MTCs differ from PTCs in size, presence of a cystic change, and echotexture.

[39] Cai The typical sonographic features of MTC are hypoechogenicity, predominantly solid, irregularly shaped with intranodular micro‐
or macro‐calcifications.

[40] Kim US findings for MTC are not greatly different from PTC except for the prevalence of an ovoid‐to‐round shape.

[43] Saller Conventional US reveals a combination of hypoechogenicity, intranodular calcifications, and absence of ‘halo sign’ in the vast
majority of MTC.

Abbreviations: MTC, medullary thyroid carcinoma; PTC, papillary thyroid carcinoma; US, ultrasound.
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