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Abstract: Family history of thyroid cancer increases the risk of harboring thyroid malignancies
that end up having extrathyroidal extension (ETE) and multifocality on histology; some authors
suggest a more aggressive surgical approach. Their pre-operative identification could allow more
conservative surgical procedures if none of these features are suspected. Our aim was to assess if neck
ultrasonography could identify or exclude multifocality or ETE in these patients to tailor the extent
of surgery. This retrospective study included patients with previous thyroid surgery, ≥1 first-grade
relative with thyroid cancer, and who had undergone pre-surgical ultrasound. ETE was suspected in
the case of thyroid border interruption or gross invasion of perithyroidal tissues. Multiple suspicious
nodules were defined as suspicion of multifocal cancer. The cohort consisted of 45 patients (median
age 49 years, 40 with thyroid cancer, 30 females). The positive predictive value of ultrasonography
in predicting multifocality and ETE was 57.14% (25.25–84.03) and 41.67% (21.5–65.1%), respectively,
while the negative predictive values were 63.2% (56.4–69.4%) and 72.7% (63.3–80.5%). Pre-operative
ultrasound examination is unable to reliably identify or exclude multifocal disease or extrathyroidal
extension. In patients scheduled for surgery and with a first-degree relative affected by DTC, a
“negative” pre-operative US report does not exclude the potential finding of multifocality and ETE at
final histopathology.

Keywords: TIRADS; thyroid cancer; thyroid nodules; multifocality

1. Introduction

Differentiated thyroid cancer (DTC) is commonly associated with a good prognosis
and excellent survival rates [1]. Treatment strategies for DTC patients are increasingly
tailored to individual patients’ needs to guarantee that the benefits of more aggressive
(or conservative) therapies outweigh the risks of adverse outcomes. This approach is
advocated by international guidelines [2,3], with some issues still debated [4]. Given the

J. Clin. Med. 2021, 10, 5277. https://doi.org/10.3390/jcm10225277 https://www.mdpi.com/journal/jcm

https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-0388-1283
https://orcid.org/0000-0002-5263-5310
https://orcid.org/0000-0003-4696-0560
https://orcid.org/0000-0003-3623-934X
https://orcid.org/0000-0002-2820-7607
https://orcid.org/0000-0002-7905-0881
https://orcid.org/0000-0002-1791-5915
https://doi.org/10.3390/jcm10225277
https://doi.org/10.3390/jcm10225277
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jcm10225277
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm10225277?type=check_update&version=1


J. Clin. Med. 2021, 10, 5277 2 of 8

low risk of death from DTC, treatment plans mostly rely on estimates of patients’ risk of
persistence or recurrence of disease, which guides decisions on surgery (e.g., lobectomy
vs. total thyroidectomy vs. total thyroidectomy with prophylactic central neck dissection)
and post-surgical treatment (e.g., radioiodine administration). Many tumor characteristics,
including size, multifocality, extra-thyroidal extension (ETE), vascular invasion, incomplete
surgical resection, lymph node involvement, and metastasis, have been associated with
an increased risk of recurrence, warranting a more aggressive surgical approach and/or
radioiodine treatment [2,3].

A family history of DTC is associated with some of these higher-risk features. Familial
cases are characterized by younger age at presentation, increased risk of recurrence, and
potentially more aggressive disease, with tumors showing multifocality and extra-thyroidal
extension (ETE) more frequently than sporadic cases. However, the clinical implications of
these findings on tumor screening, treatment, and prognosis remain controversial [5–7].
In total, 5–15% of DTC cases can be defined as familial in the context of multiple tumor
syndromes (such as FAP, Gardner, Peutz–Jeghers syndromes, and Carney complex), or as
familial non-medullary thyroid cancers (FNMTC) when at least two or three first-degree
relatives are affected by DTC [6,8]. Having only one first-degree relative affected by DTC
does not satisfy FNMTC criteria, but it has indeed been associated with some of its clinical
features, including the histological presence of multifocality and ETE [5]. This may be
partially explained by the fact that at least some of these cases are indeed familial forms
that have not met diagnostic criteria yet [6].

Since familiarity increases the risk of both ETE and multifocality, more aggressive
therapeutic approaches are advocated by default by some authors to prevent recurrences
in patients with a family history of DTC. Nevertheless, a reliable preoperative assessment
of ETE and multifocality may allow clinicians to propose a more conservative surgical
approach (i.e., lobectomy) if none of these features are suspected. On the other hand, the
identification of ETE and multifocality can favor total thyroidectomy and reduce the risk of
having to perform a completion thyroidectomy [9]. Thyroid ultrasound (US) can be used
to this scope, as it is the most informative imaging technique in evaluating number, size,
location and characteristics of both thyroid nodules [10] and loco-regional lymph nodes [11].
US predictive power in identifying ETE when compared to post-surgical histopathological
results is variable and suboptimal, and relevant interobserver variability has been reported;
even so, neck US could be useful especially as a rule-out test given the higher negative
predictive value reported in several studies [12,13].

In this study, we aimed to assess if preoperative neck US can identify or exclude multi-
focality and/or ETE in patients scheduled for surgery for a suspicious thyroid nodule and
with family history of DTC, to clarify whether such history represents an “unpredictable”
risk factor that warrants broader surgery, or if it is associated with detectable features
allowing for tailored conservative treatment.

2. Materials and Methods

We carried out a retrospective observational study at the Thyroid Disease Clinic in
Sapienza University of Rome. All patients met the following inclusion criteria: (a) previ-
ous thyroid surgery for sonographically and/or cytologically suspicious thyroid nodules;
(b) complete histopathological report; (c) at least one first-grade relative affected by DTC
(as known at the time of surgery); and (d) at least one pre-surgical neck ultrasound with
available images and/or report, carried out to evaluate suspicious thyroid nodules, to
perform FNA procedures, or as pre-surgical mapping. All patients were retained in the final
analysis regardless of the final histological diagnosis. Ultrasound images and reports were
examined by an experienced clinician (G.G.) to assess the suspicion of extra-thyroidal ex-
tension and/or multifocal disease between November 2015 and December 2020. While this
specific analysis was retrospectively performed, the reporting and collection of sonographic
features was part of a prospective, pre-specified study; sonographic examinations were
performed at the Thyroid Disease Clinic following a standard ultrasound scanning protocol.
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Specifically, extra-thyroidal extension was suspected in the presence of images suggestive
of thyroid border interruption or of nodular invasion of perithyroidal tissues. Suspicion
of multifocal disease was defined if multiple suspicious nodules were visible. American
College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TIRADS) scores
were determined for each patient in order to estimate their malignancy risk.

Histopathological reports were examined to identify the description of microscopic or
macroscopic extra-thyroidal extension and unilateral (including lesions in one lobe and
isthmus) or bilateral multifocal disease.

US performance was assessed using the final histology report as the reference stan-
dard, using Fisher’s exact test to determine the statistical significance of US findings, and
estimating sensitivity, specificity, positive and negative LR, and accuracy, each with 95% CI.
Statistical analysis was performed with Microsoft Excel and MedCalc Software.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Ethics Committee of Sapienza University of Rome (protocol code
4233, 12 December 2016). Informed consent was obtained from all subjects involved in
the study.

3. Results

The final cohort consisted of 45 patients with a family history of thyroid cancer and
complete sonographic data, aged 24 to 79 (median 49; IQR 3–63), mostly female (67%).
Overall, 5 patients belonged to kindreds with 1 family member affected by DTC, 30 patients
to kindreds with 2 DTCs, and 10 patients to kindreds with 3 or more DTCs. Relevant clinical
features of this cohort are summarized in Table 1.

Table 1. Clinical, sonographic, and pathological features of the study cohort.

Clinical Features n. or Median % or IQR

Age (years) 49 39–63
Gender, female 30 67
Gender, male 15 33

Pre-Surgical Cytology 1:
Not available/nondiagnostic (category Tir 1) 8 18

Benign (category Tir 2) * 4 9
Indeterminate (categories Tir 3A and 3B) 15 33

Suspicious (category Tir 4) 9 20
Malignant (category Tir 5) 9 20

Sonographic Features n. %

Single nodule 9 20
Multiple nodules, unilateral 11 24
Multiple nodules, bilateral 25 56

Suspicion of:
Multiple malignant foci, unilateral 0 0
Multiple malignant foci, bilateral 7 16

Extra-thyroidal extension 12 27

Histology Report n. or median % or IQR

Tumor size (mm) * 8 5–13.5
PTC, classic variant 23 51

PTC, follicular variant 10 22
PTC, solid variant 1 2

PTC, variant not specified 3 7
FTC, minimally invasive 2 4
Anaplastic thyroid cancer 1 2

Benign * 5 11
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Table 1. Cont.

Clinical Features n. or Median % or IQR

Multiple malignant foci, unilateral 5 11
Multiple malignant foci, bilateral 13 29

ETE, microscopic 13 29
ETE, macroscopic 1 2

Total 45 100
1 Results according to the Italian Thyroid Cytology Classification System. Abbreviations: ETE: extrathyroidal
extension; FNAC: fine-needle aspiration cytology; FTC: follicular thyroid cancer; PTC: papillary thyroid cancer.
* Small foci of thyroid cancer were reported in this study even when the nodule submitted to cytology was shown
to be benign, given the specific aim of the study. Patients with final benign histology were retained in the analysis
because the whole cohort was submitted to surgery for concerns of malignancy (cytological or sonographical
suspicion, in the context of family history of thyroid cancer) and the pre-surgical sonographic evaluation was
performed for suspected cancer.

Thirty-seven patients had undergone FNA of suspicious nodules, classified according
to the Italian Thyroid Cytology Classification System [14] as TIR2 to TIR5 (with indeter-
minate TIR3 class divided in a lower-risk group, TIR3A, and a higher-risk group, TIR3B),
which approximately correspond to Bethesda [15] classes II to VI. One other patient had a
FNA result of TIR1 (non-diagnostic). Seven patients had no FNA reports (not performed
or not available).

3.1. Ultrasound and Surgical Pathology Results

US neck images and reports review showed that 25 (56%) patients had bilateral
nodules, and 11 (24%) had unilateral multinodular disease; 9 (20%) patients had a solitary
nodule. Of the 25 patients with bilateral nodules, 7 (16%) had a suspicion of bilateral
multifocal DTC because of the presence of at least two suspicious nodules in the two lobes.
The remaining 18 patients with bilateral nodules and the 11 patients with unilateral nodules
had only one suspicious lesion, therefore having no suspicion of multifocality. Disruption
of the thyroid capsule or a clear invasion of perithyroidal tissue was observed in 12 patients
(27%) (Table 1).

Histological examination revealed 5 cases of benign adenomas and 40 cases of thyroid
cancer, mostly papillary thyroid cancer. The median diameter of malignant nodules was
8 mm (IQR 5–13.5). A total of 18 patients (40%) had bilateral (n = 13) or unilateral (n = 5)
multifocal disease. Microscopic ETE was observed in 13 cases (29%), while macroscopic
ETE was observed in just one case (Table 1).

3.2. Diagnostic Performance of US Examination

The crosstabulations of US and surgical pathology reports for multifocality and ex-
trathyroidal extension are illustrated in Tables 2 and 3, respectively. Among the 7 patients
with US suspicion of multifocality, 4 (57%) had multifocal disease according to pathology
reports. 14 (37%) out of 38 patients without multiple suspicious nodules had multifocal
disease anyway. ETE, on the other hand, was observed in 5 cases (42%) out of 12 suspicious
US figures, and in 9 (27%) cases out of 33 without such appearances.

Table 2. Multifocality according to US and histopathological reports.

US Features Histopathological Features Total

Multifocality No multifocality
Multifocality 4 (57%) 3 (43%) 7

No multifocality 14 (37%) 24 (63%) 38
Total 18 27 45
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Table 3. Extrathyroidal extension according to US and histopathological reports.

US Features Histopathological Features Total

ETE No ETE
ETE 5 (42%) 7 (58%) 12

No ETE 9 (27%) 24 (73%) 33
Total 14 31 45

Table 4 summarizes the diagnostic performance of US findings in predicting multi-
focality and ETE. Even though absolute frequencies of confirmed ETE and multifocality
seem to be higher in patients with US suspicion of these characteristics, the performance
is not statistically significant, nor clinically useful. This is reflected in the non-significant
results of positive and negative likelihood ratios.

Table 4. Diagnostic performance of US findings in predicting multifocality and ETE.

Multifocality ETE

value 95% CI value 95% CI
Sensitivity 22.2% 6.41% to 47.64% 35.71% 12.76% to 64.86%
Specificity 88.89% 70.84% to 97.65% 77.42% 58.90% to 90.41%
Positive LR 2.00 0.51 to 7.89 1.58 0.61 to 4.12

Negative LR 0.88 0.66 to 1.16 0.83 0.54 to 1.28
PPV 57.14% 25.25% to 84.03% 41.67% 21.50% to 65.07%
NPV 63.16% 56.42% to 69.42% 72.73% 63.33% to 80.46%

Accuracy 62.22% 46.54% to 76.23% 64.44% 48.78% to 78.13%
ETE: extra-thyroidal extension; LR: likelihood ratio; PPV: positive predictive value; NPV: negative predictive value.

We then evaluated whether more suspicious nodules, based on the ACR TIRADS
classification, were more likely to have ETE or multifocal disease. Only nodules classified
as TR5 have a higher rate of ETE at histology (Table 5).

Table 5. Extrathyroidal extension and multifocality according to ACR TIRADS classification.

ETE Multifocality
TotalNo Yes No Yes

ACR
TIRADS

TR2 4 (100%) 0 (0%) 4 (100%) 0 (0%) 4
TR3 2 (100%) 0 (0%) 2 (100%) 0 (0%) 2
TR4 13 (81%) 3 (19%) 10 (63%) 6 (37%) 16
TR5 12 (52%) 11 (48%) 11 (48%) 12 (52%) 23

p 0.077 0.141
TR2 to TR4 19 (86%) 3 (14%) 16 (73%) 6 (27%) 22

TR5 12 (52%) 11 (48%) 11 (48%) 12 (52%) 23
p 0.023 0.130

Total 31 (69%) 14 (31%) 27 (60%) 18 (40%) 45
ACR: American College of Radiology; ETE: extra-thyroidal extension; TIRADS: Thyroid Imaging Reporting and
Data System.

4. Discussion

In recent years, the clinical guideline recommendations were revised in order to avoid
over-diagnosis in patients with low-risk thyroid nodules, aiming to promptly identifying
patients with advanced or high-risk tumors requiring aggressive treatment approaches [16].
This involved discouraging screening programs [17,18], biopsy of suspicious subcentimeter
nodules [10], and favoring less extensive surgery [19,20] and radioiodine use [21], as well
as reducing the burden of post-surgical follow-up examinations [22,23]. These efforts are
consistent with the general trend in reducing low-value care [24]. Some of these recom-
mendations do not apply to patients with one or more first-degree relatives with a history
of thyroid cancer due to the potentially more aggressive nature of their neoplasms [6,25].
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According to some reports, patients with first-degree relatives affected by DTC have an
increased risk of multifocality and extrathyroidal extension: these findings, according to
some authors, would justify a more extensive surgery [26]. Actually, when thyroid surgery
is advocated for a suspected familial thyroid cancer, a number of consensus statements
report data to favor total thyroidectomy (e.g., Japan Association of Endocrine Surgery [19],
and the American Association of Endocrine Surgeons documents [27]). The debate on
whether familiarity can be counted as a risk factor in DTC patients is still ongoing, with
some studies reporting more aggressive behavior and a higher rate of recurrence [28–30],
and other studies finding no differences [31]. Still, the impact of microscopic ETE on disease
recurrence is not clear, as some studies reported no difference between patients with and
without microscopic ETE [32], while a recent meta-analysis documented an increased risk
(with no effect on survival) [33].

In this study, we evaluated whether pre-operative US examination of patients eligible
for surgery for a suspicious thyroid nodule and a family history of thyroid cancer was able
to identify features suggestive of multifocality and microscopic extrathyroidal extension
in order to potentially restrict total thyroidectomy to individuals in which one of these
situations was detected or suspected. We have found that ultrasonography was not able to
reliably detect microscopic extrathyroidal involvement or multifocal disease, as reported
by the surgical pathology report. These results are consistent with most of the studies
conducted on not selected DTC cohorts [12,13,34]; in some cases, with sufficient NPV to rule
out ETE [35]. Some authors reported better performance of neck US in detecting thyroid
cancer minimal extrathyroidal extension (with a NPV of 76.2% and a PPV of 81.4%) [36].
The latter study, however, evaluated larger tumors (1.81 ± 0.61 cm in patients with ETE),
and the matching of the nodule identified by sonography and histopathology was not
guaranteed. Another possible explanation of this discrepancy is that in our cohort, we
retained nodules that were confirmed to be benign, but were sonographically assessed as
potentially malignant. This figure dilutes the number of nodules that may actually have an
extrathyroid extension at final histology. Not surprisingly, we have only found that more
suspicious nodules (classified as ACR TIRADS 5) are more likely to present with ETE: it
was reported that irregular margins increase the risk of completion thyroidectomy [37].

The present study has some limitations. First of all, the sample size was quite small,
and more insight may be derived by the study of larger cohorts; for the same reason, we
were unable to stratify our cohort according to the number of affected relatives (FNMTC is
usually defined as the occurrence of the disease in two or more first-degree relatives of the
patient). Furthermore, in the case of multifocal cancer, the size of the non-dominant foci is
not available in many cases, not allowing for a stratification of very small foci (<1 mm) and
larger foci, potentially assessable by sonography.

It remains to be elucidated whether ETE or microscopic involvement of the same or
contralateral lobe affects the short and long-term outcomes of DTC patients and justifies a
more aggressive surgical approach: their impact in the context of a familial DTC occurrence
is still uncertain [6,38].

5. Conclusions

In patients with one or more first-degree relatives with DTC scheduled for surgery
for suspicion of thyroid malignancy, pre-operative ultrasound examination is unable to
reliably identify or exclude multifocal disease or extrathyroidal extension. Thus, the extent
of the surgical approach cannot be reduced by a “negative” US report if clinicians and
patients are worried about the potential subsequent pathological findings of multifocality
and ETE.



J. Clin. Med. 2021, 10, 5277 7 of 8

Author Contributions: Conceptualization, C.D.; data curation, G.C. (Gianluca Cera); formal analysis,
G.G. and G.C. (Gianluca Cera); investigation, G.G., G.C. (Gianluca Cera), V.D.G., C.R.T.d.G., M.M.,
P.L., V.C., A.M., R.M. (Rossella Melcarne), M.C.B., C.S., R.M. (Rosa Menditto), M.S., M.B. and L.G.;
methodology, G.G. and V.C.; supervision, G.C. (Giovanni Conzo), C.D. and L.G.; writing—original
draft, G.G. and G.C. (Gianluca Cera); writing—review & editing, G.G., G.C. (Gianluca Cera), G.C.
(Giovanni Conzo), V.D.G. and C.D. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
Sapienza University of Rome (protocol code 4233, 12 December 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to patients’ data confidentiality.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Links, T.P. Life Expectancy in Differentiated Thyroid Cancer: A Novel Approach to Survival Analysis. Endocr. Relat. Cancer 2005,

12, 273–280. [CrossRef]
2. Haugen, B.R.; Alexander, E.K.; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,

A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1–133. [CrossRef] [PubMed]

3. Filetti, S.; Durante, C.; Hartl, D.; Leboulleux, S.; Locati, L.D.; Newbold, K.; Papotti, M.G.; Berruti, A.; ESMO Guidelines Committee.
Thyroid Cancer: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol 2019, 30, 1856–1883.
[CrossRef]
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