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Abstract Indeterminate thyroid nodules include hetero-
geneous lesions that could benefit from a differential man-
agement. Our aim is to better define the management of the
Bethesda System for Reporting Thyroid Cytopathology class
III and IV nodules, by identifying cytological subcategories
among Bethesda System for Reporting Thyroid Cyto-
pathology class III associated with different clinical risk, by
means of ultrasound, repeated FNAB, and BRAFV600E
molecular analysis. We also evaluated the outcome of
nodules not operated, over a 5-year follow-up. Out of 460
nodules (269 Bethesda System for Reporting Thyroid
Cytopathology class III and 191 Bethesda System for
Reporting Thyroid Cytopathology class IV), 344 were
operated on surgical group and 116 followed-up con-
servatively (follow-up group). Bethesda System for
Reporting Thyroid Cytopathology class III was divided into
four subcategories on the basis of cytomorphological fea-
tures (III-1, III-2, III-3, III-4). Clinical risk was defined on
the basis of histological, cytological, and ultrasound data.
Malignancy was higher in Bethesda System for Reporting
Thyroid Cytopathology class III vs. Bethesda System for

Reporting Thyroid Cytopathology class IV (34.4 vs. 26.2 %;
p< 0.01). Papillary thyroid carcinoma was the most frequent
cancer in each Bethesda System for Reporting Thyroid
Cytopathology class (35%). BRAFV600E diagnostic accu-
racy was 87%. Repeated FNAB reclassified as benign
nearly 40% of nodules, selecting patients where surgery
could be spared. Significant nodule growth occurred in 13.7
% of nodules, belonging mostly to Bethesda System for
Reporting Thyroid Cytopathology class III-2 and Bethesda
System for Reporting Thyroid Cytopathology class IV.
Overall clinical risk was higher in Bethesda System for
Reporting Thyroid Cytopathology III-1, III-4, and IV clas-
ses. We propose a differential management of Bethesda
System for Reporting Thyroid Cytopathology III and IV
classes and related subcategories: surgery may be indicated
in Bethesda System for Reporting Thyroid Cytopathology
class III-1, III-4, and IV; a conservative follow-up avoiding
repeated FNAB may be appropriated in class III-3, while
repeated FNAB may be useful in class III-2.

Keywords Thyroid nodule management ● Indeterminate
thyroid nodule ● Cytological sub-categories ● Thyroid
nodule clinical risk

Introduction

Ultrasound-guided fine-needle aspiration biopsy (US-
FNAB) is a safe, accurate, and cost-effective method for
pre-surgical evaluation of malignancy risk (MR) in thyroid
nodules [1]. According to the Bethesda System for
Reporting Thyroid Cytopathology (BSRTC) [2], FNAB
identifies most nodules as benign (60–70 %) or malignant
(3–7 %), directing choice of appropriate management as
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indicated by current guidelines [1, 3]. However, a sig-
nificant portion of FNAB samples are labeled as “non-
diagnostic” (<10 %) or “indeterminate”, including BSRTC
classes III, IV, and V. BSRTC class III is expected not to
exceed 7% of all cytological diagnoses [2], but real-world
studies indicate that this category represents 2–20% of the
reported series [4]. These data support the evidence that
BSRTC III includes a heterogeneous group of lesions with a
wide range of cytomorphological features. As a con-
sequence, malignancy rates vary from 6 to 69 % [5, 6],
indicating the need for a better clinical characterization.
Recent studies have evaluated the utility of subdividing
BSRTC III on the basis of cytomorphological features in
order to better stratify MR [7–10]. Repeated FNAB
(RFNAB) may provide better information for the manage-
ment of BSRTC III [2], but the utility of this approach is
highly debated. The recently published American Thyroid
Association (ATA) guidelines refer to RFNAB as a weak
recommendation in both BSRTC III and IV, indicating this
approach as an alternative to either US surveillance or
surgery, depending on patient preference, clinical, and US
risk factors [1]. The role of US, however, has limitations,
since the few available studies report conflicting results
[11–13]. The introduction of molecular markers, especially
BRAF, in the work-up of thyroid nodules has increased the
diagnostic power of FNAB [14–16], but this approach is not
currently employed in all centers. In addition, no data are
available concerning behavior and follow-up of indetermi-
nate nodules that did not undergo surgery. Therefore, the
management of indeterminate lesions, especially BSRTC III
and IV, represents a significant clinical problem.

Our study aimed at a better definition of management of
BSRTC III and IV thyroid nodules by identifying cytological
subcategories among BSRTC class III nodules associated with
different clinical risk (CR), by means of US, RFNAB, and
histology, taking advantage of BRAFV600E molecular ana-
lysis. We also evaluated the outcome of the four BSRTC III
subcategories and BSRTC IV nodules, verifying the con-
sequences of a conservative approach over a 5-year follow-up.

Materials and methods

Patients

At the Section of Endocrinology of the University of
Ferrara, from January 2008 to December 2009, a total of
3596 thyroid nodules, with a diameter of at least 4 mm,
were assessed by US-FNAB; among these, we pro-
spectively selected 460 BSRTC III and IV nodules (each
from a single patient; 77 males and 383 females; mean age:
59.6 and 56.1 years, respectively), representing 12.8% of all
assessed nodules. After receiving patient consent, we

collected clinical (gender, age), biochemical (Thyroid
Stimulating Hormone (TSH) and antibody levels, L-thyroxine
replacement where applicable), and US data (nodularity,
diameter, echogenicity, US structure, halo, calcifications,
presence of suspicious neck lymph nodes), as well as infor-
mation concerning type of surgery, where applicable, patho-
logical (BSRTC classification and histology where
applicable) and molecular data (BRAFV600E mutation). All
patients not submitted to surgery were followed up for 5 years
through monitoring of US parameters and TSH levels.

Patients with BSRTC IV lesions, large goiters, or
nodules bearing the BRAFV600E mutation were addressed
to first-line surgery as were those with BSRTC III lesions
that displayed US features highly suspicious of malignancy.
Surgery was also indicated for patients whose second
cytology after RFNAB was referred to as BSRTC I, III, IV,
V, and VI (surgical group, SG), after considering nodule
size, US pattern, and patient preference. We then defined
SG1 as those patients undergoing surgery after the first
FNAB, and SG2 as those patients undergoing surgery after
RFNAB. SG1 and SG2 patients submitted to lobectomy
underwent yearly US, to monitor the contra lateral lobe.

Yearly follow-up (follow-up group, FG) was proposed
for elderly patients with multiple co-morbidities, patients
with nodules that displayed US features highly suggestive
of benign nature, patients with a BSRTC II after RFNAB
(performed within 6–12 months after the first FNAB), and
patients who refused surgery. All FG patients underwent
yearly thyroid hormone function assessment and US.
Nodules were defined as stationary, increased or reduced, in
keeping with US evidence of growth, as indicated by the
ATA 2015 guidelines [1], that describe as evidence of
growth a 20% increase in at least two nodule dimensions
with a minimal increase of 2 mm, corresponding to ≥50 %
change in volume at US. At least one RFNAB control was
indicated for FG patients with BSRTC III and IV lesions.

US examination, US-FNAB procedure, and
BRAFV600E mutation analysis

Each patient underwent US examination at the Section of
Endocrinology of the University of Ferrara by two endo-
crinologists (GT, RR), using the Hi Vision Preirus US
machine (Hitachi, Wallingford, CT, USA). Solid structure,
marked hypoechogenicity, microcalcifications, increased
intranodular vascularity, and irregular margins were con-
sidered as suspected for thyroid malignancy. In contrast,
cystic US appearance was considered as predicting a benign
condition. Nodules with two or more suspicious US features
were considered as being associated with a higher MR,
regardless of diameter.

To calculate nodule volume, the ellipsoid formula was
applied. Variations in nodule volume were measured as
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growth rates, calculated as (V2−V1)/V1, where V1 is
the nodule volume assessed at the first US, and V2 the
nodule volume at the last US. Using the ellipsoid method,
the inter-observer variability for thyroid nodule volume
measurement was 48.9 % (95 % CI, 39.8–58.6 %), as pre-
viously reported [17].

FNABs were performed under US guidance with a 22-
gauge needle attached to a 10 ml syringe. Each lesion was
aspirated one to three times. The aspirate was smeared on
glass slides and sent to an experienced cytopathologist for
cytology analysis. The remaining material in the needle was
washed out with 5 ml of normal saline into a collection tube,
obtaining enough material for both cytology and molecular
analysis. The criterion for an adequate smear was the pre-
sence of six groups of cells with >10 cells/group [18].
BRAFV600E mutation analysis was performed as pre-
viously described [16].

Cytological (following BSRTC indications) and histo-
logical evaluations were performed independently by two
pathologists at the Section of Pathology and Biomolecular
Diagnostics, Dept. of Morphology, Surgery and Experi-
mental Medicine, University of Ferrara, with an inter-
operator and intra-operator variability of ~20 %.

In order to obtain a detailed analysis of the variability in
clinical behavior of BSRTC III, we subcategorized this
class on the basis of cytomorphological features, applying
the definitions provided by Cibas [2], simplified by mod-
ification into four subcategories as follows:

(1) Lesions with nuclear atypia suggestive of papillary
thyroid carcinoma (PTC) including cells with intra-
nuclear pseudoinclusions and/or nuclear grooves, rare
atypical follicular cells with nuclear enlargement,
crowding, and pallor; thyroid aspirates containing rare
follicular cells and malignant-appearing large lym-
phocytes with mild nuclear atypia (III-1, including E,
G, and H Cibas subcategories).

(2) Lesions with a predominant microfollicular pattern
having a predominant population of microfollicles
with scant colloid that did not match the criteria for
category IV (III-2, including Cibas subcategory A).

(3) Lesions with an oncocytic pattern having a predomi-
nance of Hurtle cells or atypical cyst lining cells
without other supporting features of PTC (III-3,
including B, D, and F Cibas subcategories).

(4) Lesions not otherwise specified, including drying
artefacts, obscuring blood samples, or scant atypical
cells (III-4, including C and I Cibas subcategories).

Definition of malignancy rate, MR, and CR

We defined malignancy rate as the ratio between the num-
ber of thyroid cancers and the number of patients submitted

to surgery, and MR as the ratio between the number of
thyroid cancers and the total number of patients. CR of each
BSRTC class was calculated as follows: (A + B + C)/total
nodules number, where A is the number of nodules with
malignant histology, B is the number of nodules not
undergoing surgery with a diagnosis which is different from
BSRTC II after RFNAB, and C is the number of nodules
that grew significantly and/or acquired US suspicious fea-
tures during follow-up.

Statistical analysis

Data analysis was performed by calculating the odds ratio
(OR) to assess the presence of an association of clinical-US
features with pathology findings and with volumetric
nodule changes. Statistical significance was assessed by the
chi-square (χ2) test or Fisher’s exact test. A p-value <0.05
was considered significant. The paired Student t-test was
employed to compare mean V1 and V2. Sensitivity, spe-
cificity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy of the molecular test were cal-
culated. The 95 % CI for the diagnostic value was
calculated.

Results

A total of 460 patients were enrolled in this study: 269 had a
nodule with cytological diagnosis of BSRTC III (III-1 = 46;
III-2 = 140; III-3 = 76; III-4 = 7) and 191 of BSRTC IV;
103 patients with BSRTC III nodules and 25 patients with
BSRTC IV nodules underwent RFNAB. Patients were then
divided into SG1, SG2, and FG.

BRAF molecular analysis

BRAFV600E mutation was found in 30 samples (18
BSRTC III and 12 BSRTC IV). Among BSRTC III,
mutated cases almost exclusively belonged to subcategory
III-1 (17/18 cases, 94.4 %) and only one case to III-2.
Overall, the incidence of BRAFV600E mutation was similar
in BSRTC III and IV (6.7 and 6.3 %, respectively), also
among PTC (33.3 vs. 38.7 %, respectively). The presence of
the BRAFV600E mutation allowed us to reclassify as
malignant 36.9 % of BSRTC III-1 and 0.7 % of BSRTC III-
2 nodules. BRAFV600E was significantly associated with
PTC with classical histology (ch) (27/30 cases; p< 0.01).
Diagnostic accuracy of the molecular analysis was high in
both BSRTC III and IV (86.6 and 87.9 %, respectively),
with NPV of 85.7 % [95 % CI, 77–94 %] and 87.1 % [95 %
CI, 77–97 %], respectively. PPV and specificity were 100 %
in both classes. Sensitivity was low in both BSRTC III

Endocrine



(33.3 % [95 % CI, 21–45 %]) and BSRTC IV (34.1 % [95 %
CI, 19–49 %]).

Repeated FNAB

As shown in Figs. 1 and 2, RFNAB led to a benign cytology
in 44.6 % of BSRTC III nodules, mostly represented by
BSRTC III-2 and III-3 nodules, and in 32 % of BSRTC IV
nodules. RFNAB confirmed an indeterminate diagnosis in
nearly 50% of these nodules. In addition, >10 % were not
diagnostic after RFNAB, while only 1 BSRTC IV nodule
was re-classified as cytologically malignant. Malignancy
rate varied widely among BSRTC III subcategories, ranging
from 15.1 % in III-3 to 80% in III-4. In addition, malig-
nancy rate decreased in SG2 group (i.e., patients addressed
to surgery after RFNAB) as compared to SG1 group in all
BSRTC III subcategories, except for III-4 (Table 1), indi-
cating that RFNAB may be useful to select patients in
which surgery may be spared, especially in BSRTC III-2
subcategory. The impact of RFNAB in the other sub-
categories seems to be negligible. Nodules with non-
diagnostic or indeterminate RFNAB displayed nearly the

same malignancy rate as compared to nodules with a single
indeterminate diagnosis.

SG patients outcome

As shown in Figs. 1 and 2, overall, 344 patients were
operated on (SG). Patient and nodule characteristics are
described in Table 2. Among these patients, 132 underwent
total thyroidectomy (T), 212 lobectomy (L), and 34
lobectomy followed by completion thyroidectomy. Overall
malignancy rate was 30.5 % (105/344) and was significantly
higher in BSRTC III as compared to BSRTC IV (34.4 vs.
26.2 %, respectively; p< 0.01). Compared with BSRTC III,
BSRTC IV contained a significantly greater number of
lesions with a follicular pattern, including follicular thyroid
carcinoma (FTC), tumors of undetermined malignant
potential (TUMP) (4.9 % in BSRTC IV vs. 1.1 % in
BSRTC III; p< 0.05), and follicular adenoma (FA) (59.8
vs. 43.8 %; p< 0.01).

Yearly US follow-up of the 212 patients submitted to L
(93 BSRTC III and 119 BSRTC IV) showed no change,
except for a single patient, previously diagnosed with FA.
This patient displayed a significant growth of the contra

Fig. 1 Management and
outcome of the 269 nodules
diagnosed as BSRTC III.
BSRTC Bethesda System for
Reporting Thyroid
Cytopathology, RFNAB
repeated FNAB, SG1 patients
operated in after the first FNAB,
SG2 patients operated in after
RFNAB, FG follow-up group,
PTC papillary thyroid
carcinoma, ch classical
histology, fv follicular variant,
FTC follicular thyroid
carcinoma, HC Hurtle
carcinoma, MTC medullary
thyroid carcinoma, TL thyroid
lymphoma, FA follicular
adenoma, BL benign lesion
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lateral lobe and pathological neck lymph nodes, consistent
with a FTC diagnosis.

FG patients outcome

As shown in Figs. 1 and 2, overall, 116 patients underwent
a 5-year conservative follow-up (FG) and nearly half were
submitted at least once to RFNAB. During follow-up, 87
nodules (75 %) remained stable and 13 shrank (11.2 %).
Significant nodule growth occurred in 16 nodules (13.7 %
[95 % CI, 7.5–20 %]): 11/89 BSRTC III nodules (12.3 %

[95 % CI, 5.5–19.2 %]) and 5/27 BSRTC IV (18.5 % [95 %
CI, 3.8–33.1 %]), respectively. Growing nodules almost
exclusively belonged to subcategory III-2 (81.8 %), while
those that had shrunk mostly belonged to subcategory III-3
(84.6 %). At baseline, the mean volume was 1.3± 0.4 ml in
BSRTC III and 2.5± 1.5 ml in BSRTC IV (V1); at the end
of follow-up, volume was 3.7± 2.4 ml in BSRTC III and
13.4± 12.7 ml in BSRTC IV (V2), with a mean change in
the largest diameter of 6.6 and 7.7 mm, respectively.
Therefore, the mean increase in volume was 2-fold and 4-
fold, respectively.

Fig. 2 Management and
outcome of the 191 nodules
diagnosed as BSRTC IV.
BSRTC Bethesda System for
Reporting Thyroid
Cytopathology, RFNAB
repeated FNAB, SG1 patients
operated in after the first FNAB,
SG2 patients operated in after
RFNAB, FG follow-up group,
PTC papillary thyroid
carcinoma, ch classical
histology, fv follicular variant,
tcv tall cell variant, ov oncocytic
variant, FTC follicular thyroid
carcinoma, HC Hurtle
carcinoma, TUMP tumors of
undetermined malignant
potential, FA follicular
adenoma, BL benign lesion

Table 1 MR and malignancy
rate in SG1 and in SG2
according to BSRTC

MR (%) Malignancy rate (%)

Total Total SG1 SG2

BSRTC III 62/269 (23) 62/180 (34.4) 54/135 (40) 8/45 (17.8)

III-1 26/46 (56.5) 26/40 (65) 25/34 (73.5) 1/6 (16.6)

III-2 27/140 (19.3) 27/102 (26.5) 21/73 (28.8) 6/29 (20.7)

III-3 5/76 (6.6) 5/33 (15.1) 5/24 (20.8) 0/9 (0)

III-4 4/7 (57.1) 4/5 (80) 3/4 (75) 1/1 (100)

BSRTC IV 43/191 (22.5) 43/164 (26.2) 40/152 (26.3) 3/12 (25)

SG1 patients undergoing surgery after the first FNAB, SG2 patients undergoing surgery after RFNAB,
BSRTC Bethesda System for Reporting Thyroid Cytopathology
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Over time, US characteristics did not change; in parti-
cular, growing nodules did not acquire US characteristics
suspicious of malignancy, but BSRTC IV nodules were
larger and grew significantly more than BSRTC III nodules.
Three patients with growing nodules underwent surgery and
turned out to be BL.

A significant volume reduction was observed in 14
nodules (12.6 % [95 % CI, 6.1–18 %]): 13/89 BSRTC III
nodules (14.6 % [95 % CI, 8.2–21%]) and 1/27 BSRTC IV
nodules (3.7 % [95 % CI, 0.3–7.1 %]), respectively. At
baseline, the mean volume was 2.9± 1.17 ml (V1) and at
the end of follow-up was 0.14± 0.072 ml (V2).

L-thyroxine was prescribed for 34 FG patients, for
replacement purposes in 25 cases (21 BSRTC III and 4
BSRTC IV) and to suppress TSH in 9 cases (4 BSRTC III
and 5 BSRTC IV). L-thyroxine treatment did not affect
nodule volume, in keeping with the finding that TSH levels
overlapped in patients displaying an increased or a reduced
nodule volume (1.5 μUI/ml vs. 1.4 μUI/ml, respectively).
Concerning clinical and US characteristics, no significant
difference was found either between BSRTC III and IV
class or between FG and SG patients.

Clinical risk

To better define the management of indeterminate nodules
and select those cases needing a more stringent follow-up,
we calculated CR in each BSRTC and related subcategories
(Table 3). The highest CR was found in BSRTC III-4 and
BSRTC III-1 nodules. The results obtained by calculating
CR were then taken into account to draw up an algorithm
suggesting a novel management on the basis of BSRTC III
subcategories (Fig. 3).

Clinical correlations

We then investigated whether clinical and US features may
associate with malignancy and/or nodule growth. Malig-
nancy was significantly associated with nodule size <1 cm
in both BSRTC III (OR 3.15; p< 0.01) and BSRTC IV (OR
3.6; p< 0.01), while it significantly correlated with micro-
calcifications only in BSRTC III (OR 4.5; p< 0.01). Nodule
growth was associated with the presence of multinodular
goiter in BSRTC III (OR 33.4; p< 0.01). Conversely,
nodule size <1 cm (OR 0.2; p< 0.05) and hypoechogenicity
(OR 0.2; p< 0.05) were protective toward nodule growth in
BSRTC III.

Management proposal for BSRTC III and IV nodules

On the basis of our results, we propose a differential man-
agement of indeterminate thyroid nodules, as depicted in
Fig. 3. Nodules displaying BSRTC III-1, III-4, and BSRTC
IV with a negative BRAFV600E analysis may be addressed
to surgery after the first FNAB, since their CR is high. On
the contrary, BSRTC III-3 nodules with US features not
suspicious of cancer and a negative BRAFV600E analysis
should be addressed to conservative follow-up with yearly
US. In BSRTC III-2, since CR is not negligible (~30 %),

Table 2 SG patients clinical features and nodules US characteristics,
according to BSRTC class and final histology

BSRTC III (n 180) BSRTC IV (n 164)

Malignant
(n 62)

Benign
(n 118)

Malignant
(n 43)

Benign
(n 121)

Age

<45 years 11.3 % 14.4 % 25.6 % 23.2 %

>45 years 88.7 % 85.6 % 74.4 % 76.8 %

Gender

Male 1.6 % 4.2 % 30.2 % 22.3 %

Female 98.4 % 95.8 % 69.8 % 77.7 %

Nodularity

Single 46.7 % 59.3 % 55.8 % 57.8 %

Multiple 53.3 % 40.7 % 44.2 % 42.2 %

Diameter

≤5 mm 32.3 % 11.9 % 27.7 % 12.4 %

5–10 mm 32.3 % 22.1 % 34.7 % 19.9 %

10–20 mm 25.8 % 31.3 % 18.8 % 28.9 %

>20 mm 9.6 % 34.7 % 18.8 % 38.8 %

Echogenicity

Hypoechoic 56.5 % 52.6 % 72% 76.9 %

Isoechoic 38.7 % 46.6 % 25.7 % 20.7 %

Hyperechoic 1.6 % 0.8 % 2.3 % 0.8 %

Anaechoic 3.2 % 0% 0% 1.6 %

US structure

Solid 95.1 % 90.7 % 95.4 % 87.6 %

Mixed 4.9 % 7.6 % 4.6 % 10.7 %

Cystic 0 % 1.7 % 0% 1.7 %

US features

Halo 34. % 76.2 % 5.9 % 66.4 %

Irregular
margins

12 % 4.2 % 21% 2.1 %

Micro-
calcifications

30.6 % 10.1 % 4.6 % 2.5 %

Intranodular
vascularity

22.2 % 11.3 % 24% 7%

Thyroiditis 27.4 % 29.6 % 11.6 % 19%

L-thyroxine

Suppressive 0 % 5.1 % 2.3 % 5.8 %

Replacement 4.8 % 5.9 % 2.3 % 6.6 %

No therapy 95.2 % 89% 95.4 % 87.6 %

SG surgical group, US ultrasound, BSRTC Bethesda System for
Reporting Thyroid Cytopathology
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RFNAB is indicated to identify nodules with a lower risk of
being a cancer in the absence of the BRAFV600E mutation.

Discussion

To date, clinical management of indeterminate thyroid
nodules is a very controversial issue. Indeed, cytological
interpretation of indeterminate nodules is subjective, as
witnessed by the significant inter-observer and intra-
observer disagreement [19–22]. In order to simplify this
issue, we clustered the nine cytological patterns of BSRTC
III described by Cibas [2] into four subcategories, on the
basis of cytological pattern similarity and MR, as suggested
by Mathur et al. [21]. In this prospective clinical study, we
evaluated the outcome of the four BSRTC III subcategories
and BSRTC IV nodules (undergoing surgery or not) and

explored the contribution of BRAFV600E analysis,
RFNAB, and US in the therapeutic decision. Moreover, we
verified the consequences of a conservative approach during
a mean follow-up of 5 years.

Therefore, we proposed an algorithm for the manage-
ment of BSRTC III and IV nodules, based on the results
obtained after calculating CR for each BSRTC class. CR
was considered as a parameter that, taking into account also
the nodules not submitted to surgery, may help in the
management of each BSRTC class and related sub-
categories depending on MR, second cytology, and nodule
changes. Our data support the indication for surgery as first-
line treatment for subcategory III-1 and III-4, due to high
CR. Conversely, subcategory III-2, displaying a moderate
but not negligible CR (~30%), requires a RFNAB to plan
an appropriate management. The latter may include con-
servative follow-up when second cytology displays a

Table 3 CR and MR according
to BSRTC class

Total patients (n) Criteria (n) CR (%) MR (%)

BSRTC III (n 269) Histology (62) RFNAB (13) US (11) 86/269 (32) 62/269 (23)

III-1 (n 46) Histology (26) RFNAB (0) US (0) 26/46 (56.5) 26/46 (56.5)

III-2 (n 140) Histology (27) RFNAB (7) US (9) 43/140 (30.7) 27/140 (19.3)

III-3 (n 76) Histology (5) RFNAB (5) US (2) 12/76 (15.8) 5/76 (6.6)

III-4 (n 7) Histology (4) RFNAB (1) US (0) 5/7 (71.4) 4/7 (57.1)

BSRTC IV (n 191) Histology (43) RFNAB (6) US (5) 54/191 (28.3) 43/191 (22.5)

BSRTC Bethesda System for Reporting Thyroid Cytopathology, CR clinical risk, MR malignancy risk,
RFNAB repeated fine-needle aspiration biopsy, US ultrasound

Fig. 3 Proposed algorithm for
differential management of
BSRTC III and IV nodules and
related subcategories. BSRTC
Bethesda System for Reporting
Thyroid Cytopathology, RFNAB
repeated FNAB, US
ultrasonography, BRAF negative
(−) or positive (+) BRAFV600E
analysis
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benign result. On the other hand, in the case of BSRTC I,
III, and IV after RFNAB, the decision between surgery and
follow-up should be made by taking into account clinical
and US risk factors, as well as patient preference. Finally,
since BSRTC III-3 displays a low CR, our data suggest that
a conservative follow-up may be appropriate, avoiding
RFNAB. As for BSRTC IV, although CR is <30 %, our
results indicate surgery as an appropriate management
choice since the incidence of FTC and FA in this category is
high. For patients who refuse surgery or with US features
suggestive of a benign lesion, RFNAB and molecular
analysis may be considered, in keeping with current
guidelines [1].

Little investigation has been carried out regarding the
outcome of nodules not submitted to surgery. US is the first-
line method for thyroid nodule follow-up. Several US fea-
tures have been found to be good predictors of malignancy.
In our experience, none of these US features alone is 100 %
specific, but a combination of at least two of them is
associated with a higher likelihood of malignancy [15].
Many attempts have been made recently to classify the
nodules on the basis of US features, as also indicated by the
current ATA guidelines. In this respect, US features were
indirectly taken into account in the calculation of CR in the
present study, since the only variation that was pro-
spectively detected was related to nodule diameter.

The growth of benign thyroid nodules is rare and not
usually associated with malignancy [23]. On the other hand,
growing BSRTC IV nodules display an increased MR [24].
In our settings, nodule growth was an infrequent occurrence
that more often involved BSRTC III-2 and BSRTC IV
nodules. Although these nodules did not acquire US char-
acteristics suspicious of malignancy, BSRTC IV nodules
grew more than BSRTC III nodules, often causing com-
pressive effects. Therefore, we suggest lobectomy in
patients with BSRTC IV nodules. Furthermore, in BSRTC
III nodule size <1 cm and hypoechogenicity were protective
features toward nodule growth. The latter, on the contrary,
was significantly associated with goiter.

Finally, l-thyroxine therapy did not seem to be useful in
controlling nodule growth, since the latter did not correlate
with TSH levels. Our findings are not in accordance with
recent literature [25], which reports that L-thyroxine treat-
ment associates with a significant reduction in nodule
volume. This discrepancy may be due to the small number
of patients treated with suppressive L-thyroxine doses in our
study.

Overall, in our analysis BSRTC III and IV lesions were
often benign, suggesting the need to adopt a conservative
approach, where possible. In our settings, malignancy rate
was higher in BSRTC III as compared to BSRTC IV, in
keeping with previous reports [26, 27]. However, malig-
nancy rate varied widely in BSRTC III, ranging from

15.1 % in BSRTC III-1 to 80 % in BSRTC III-4. PTC was
the most frequent cancer diagnosed in both BSRTC and
related subcategories, with a higher prevalence of PTC ch.
This finding partly explains the high incidence of
BRAFV600E mutation also in BSRTC IV. Moreover, as
expected, we found a higher incidence of lesions with a
follicular pattern in BSRTC IV as compared to BSRTC III.
Our data confirm, once again, the diagnostic value of
BRAFV600E analysis, demonstrating that it may be useful
to identify PTC, especially among BSRTC III-1 nodules
that were reclassified as malignant in 36.9 % of cases on the
basis of molecular results. However, BRAFV600E analysis
has a low sensitivity, which highlights the need for further
development of new molecular tests with a better NPV [28,
29]. In our experience, RFNAB allowed us to reclassify as
benign ~40 % of BSRTC III and IV cases, in line with
previous results [30, 31] showing that RFNAB is able to
assign a definitive diagnosis to the majority of indeterminate
lesions. None of the lesions that were benign after RFNAB
was a cancer at histology and most of them remained sta-
tionary during follow-up. Cases confirmed as indeterminate
after RFNAB did not display a significant increase in MR,
but had a higher tendency to grow compared to benign
nodules. In addition, nodules with a nondiagnostic cytology
after RFNAB displayed a higher MR as compared to
nodules with a single indeterminate diagnosis. Overall, our
data suggest that RFNAB may be used in BSRTC III-2
subcategory to select patients with lower MR, where diag-
nostic surgery could be avoided in favor of a conservative
management. Our data further indicate that RFNAB is not
useful in the management of BSRTC III subclasses which
are different from III-2, while US allows us to monitor all
indeterminate nodules and detect early changes.

US follow-up of nodules with an indeterminate cytology
is advisable, since it has been reported that also nodules
with a benign cytology after RFNAB have a higher MR as
compared to nodules with a single benign cytology [32]. US
alone cannot be considered a diagnostic tool for cancer,
since none of the US characteristics accurately predicts
malignancy, as also reported by Frasoldati et al. [33]. On the
other hand, the combination of several suspicious char-
acteristics increases nodule MR [34].

In conclusion, management of the BSRTC III and BSRTC
IV nodules could be diversified on the basis of cytological
subcategories, BRAFV600E analysis, US features, and
RFNAB. Calculating CR for each BSRTC class and related
subcategories helped to obtain the results that, in turn, allowed
us to draw the proposed management algorithm.

If we had applied this approach to our series, 74 patients
might have been followed up exclusively with US, avoiding
34 diagnostic surgeries and 31 RFNAB, impacting the
clinical management in 16 % of the patients, with a con-
sequent reduction in patient and healthcare system costs.
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