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Abstract

Objectives: The majority of thyroid nodules are discovered
incidentally, and the management may be a challenge if the
fine needle aspiration specimen yields indeterminate find-
ings. Our aim was to develop an individualized risk predic-
tion model to provide an accurate estimate of cancer risk in
patients with cytologically indeterminate thyroid nodules.
Materials and Methods: Clinical records, ultrasound images,
and cytopathology reports of patients who underwent thy-
roidectomy were retrospectively reviewed. Logistic regres-
sion analysis was used to identify the predictive ability of
each variable for malignancy, and a nomogram was built by
integrating patients’ age, multiplicity of nodules, cytology
results, and suspicious ultrasound features, such as microcal-
cifications and irregular margins. Results: For the 233 inde-
terminate nodules according to the Bethesda System for Re-
porting Thyroid Cytopathology, the malignancy rates of the
subgroups “atypia of undetermined significance,” “suspi-

cious follicular neoplasia,” and “suspicious for malignancy”
were 44.3,47.7,and 88.0%, respectively. [t was found that the
Bethesda category “suspicious for malignancy,” microcalcifi-
cations, and irregular margins were independent risk factors
for malignancy. The area under the receiver operating char-
acteristics curve was 0.784, which suggested that the pre-
sented nomogram had considerable discriminative perfor-
mance. Conclusions: The nomogram developed in our study
accurately predicts the malignancy risk of thyroid nodules
with indeterminate cytology by using clinical, cytological,
and ultrasonographic features.

© 2018 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

The estimated prevalence of thyroid nodules in an
adult population is 4-7% by palpation and 10-41% by ul-
trasound (US) scanning [1, 2]. The overall malignancy
risk, regardless of nodule size, is <10%, and even smaller
nodules (<1 cm) may harbor cancer. Therefore, every ef-
fort should be made either clinically or cytologically to
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predict malignancy in order to perform the appropriate
surgery with the correct indication.

It is critical to improve the diagnostic accuracy and to
minimize false-negative diagnoses of thyroid nodules
bearing cancer. A combination of clinical, cytological,
and ultrasonographic features is expected to serve as a
more specific prediction tool. Recently, some predictive
systems and mathematical methods have been developed,
which used a combination of nodule size, age at diagnosis,
biochemical variables, fine needle aspiration (FNA) cy-
tology, US features, and molecular analysis [3-8]. The
most recent American Thyroid Association recommen-
dations emphasized that each institution should indepen-
dently define the risk of malignancy in each of the inde-
terminate cytology categories of the Bethesda System for
Reporting Thyroid Cytopathology to guide clinicians and
surgeons in choosing an appropriate treatment modality
(4].

Our aim was to predict the probability of malignancy
for each case of indeterminate cytology at our institution.
Secondly, we aimed to develop a nomogram by integrat-
ing important clinical parameters with US and FNA fea-
tures into a single numerical estimate system to generate
individualized predictions of cancer in the nodules. This
method finally enables us to identify patients who may
derive greater benefit from thyroidectomy.

Materials and Methods

A total of 233 patients having indeterminate nodules according
to the Bethesda System underwent thyroidectomy in a single ter-
tiary center between January 2009 and August 2015. The study
protocol was approved by the institutional review board
(20.10.2015-26/30). Patients with a history of previous thyroidec-
tomy and with clinical findings suggestive of either central or lat-
eral cervical lymph node metastasis were excluded. The data re-
trieved from an existing database included patient demographics,
family history of thyroid cancer, preoperative US/US-guided FNA
cytology findings, and final histopathology reports of thyroidec-
tomy specimens.

Thyroid US examinations and FNA procedures were per-
formed by endocrinologists who were experienced in thyroid US
for at least 5 years. Since the current literature suggests that micro-
calcifications and irregular margins exhibit the highest specificities
for the detection of thyroid cancer, these 2 features were used for
statistical analysis [4]. Also, we compared the risk of malignancy
between nodules classified as single or multiple.

FNA procedures were performed using a 27-gauge needle, a
10-mL plastic syringe, and a pistol handle (Comeco, Sweden). Af-
ter the smearing procedure, most slides were air dried and stained
with May-Griinwald-Giemsa stain, while the remaining slides
were stained with Papanicolaou and hematoxylin and eosin stains
after 95% ethanol fixation. The slides were interpreted by 2 cyto-
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pathologists and were classified into 6 categories according to the
Bethesda System. Thyroid nodules representing 3 indeterminate
categories, including atypia of undetermined significance or fol-
licular lesion of undetermined significance (AUS/FLUS), suspi-
cious follicular neoplasm (sFN), and suspicious malignancy (sM),
were analyzed in this study [9].

The final histopathology reports were correlated with preop-
erative FNA cytology, US findings, and patients’ demographics to
reveal whether these variables predicted malignancy. Those pa-
tients with multinodular disease, nodules >1 c¢m in size, and with
malignancy-associated US features underwent biopsy. If more
than 1 nodule had an indeterminate cytology result, the one with
the highest risk of malignancy was selected and used for analysis.
At our institution, the best management option for patients with
thyroid nodules is discussed at multidisciplinary, weekly endo-
crine surgery board meetings on a case-by-case basis.

Statistical Analysis

Statistical analysis was carried out using the IBM SPSS for Win-
dows, version 22.0, software package. Numeric and categorical
variables were summed up with mean + standard deviation and
with number of cases and percentage, respectively. The ¥ test was
used to assess the presence of significant differences in risk factors
between malignant and benign cases. Multiple logistic regression
analysis was performed to calculate the predictive value of vari-
ables. The performance of the nomogram was quantified based on
discrimination and calibration. Discrimination (predictive accu-
racy) was measured via the area under the receiver operating char-
acteristic (ROC) curve (AUC). The best cutoff point for the risk of
malignancy was determined using the ROC curve. Diagnostic val-
ues of ROC curve analysis were given as sensitivity, specificity,
positive predictive value, and negative predictive value. Calibra-
tion was assessed by a calibration curve which shows how closely
the nomogram predicted risk to the actual risk. Statistical signifi-
cance was set at p < 0.05.

Results

The presented cohort involved 233 patients who un-
derwent thyroidectomy with indeterminate FNA cytolo-
gy reports according to the Bethesda System. No patients
reported a history of exposure to ionizing radiation in
childhood or adolescence.

Cytologic subcategories were reported as AUS in 106
(45.5%), sFN in 44 (18.9%), and sM in 83 (35.6%) pa-
tients. The median age was 46 years, with 87.6% of pa-
tients being female. The median size of aspirated nodules
was 16 mm (range, 4-81).

When US reports were reviewed retrospectively, 69
(24.9%) patients had malignancy-associated US features,
including microcalcifications and/or irregular margins.
Microcalcifications were found in 52 (22.3%) patients,
whereas irregular margins were observed in 29 (12.4%)
cases. Of all patients, 12 (5.1%) had more than 1 US fea-
ture associated with malignancy.
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Table 1. Univariate analyses of malignant and benign nodules with clinicopathologic factors (n = 233)

Variables Total, n Benign nodule, 7 (%) Malignant nodule, n (%)  p value

Age
<45 years 106 30 (28.3) 76 (71.7) 0.001
>45 years 127 62 (48.8) 65 (51.2)

Indeterminate FNA cytology
AUS 106 59 (55.7) 47 (44.3) <0.001
sFN 44 23 (52.3) 21(47.7)
sM 83 10 (12) 73 (88)

Microcalcification
Absent 181 84 (46.4) 97 (53.6) <0.001
Present 52 8 (15.4) 44 (84.6)

Irregular margins
Absent 204 90 (44.1) 114 (55.9) <0.001
Present 29 2(6.9) 27 (93.1)

Solitary nodule
Absent 181 79 (43.6) 102 (56.4) 0.015
Present 52 13 (25) 39 (75)

Elastography scores
>3 54 12 (22.3) 42 (77.7) 0.019
<3 99 48 (48.5) 51 (51.5)

FNA, fine needle aspiration; AUS, atypia of undetermined significance; sFN, suspicious for follicular neoplasm;

sM, suspicious for malignancy.

On final histopathology, 141 (60.6%) patients had thy-
roid carcinoma, consisting of 132 (93.6%) with papillary
cancer, 7 (4.9%) with follicular cancer, and 2 (1.4%) with
undifferentiated cancer. Ninety-two patients had a diag-
nosis of a benign process.

Malignancy Rates of Variables

The risk of malignancy in the AUS group was 44.3%
(47 of 106 patients). In the sFN group, 47.7% (21 of 44
patients) were diagnosed with malignancy on the final
histopathology. Thyroid cancer was diagnosed in 88% (73
of 83 patients) of cases in the sM group (p < 0.001).

Forty-four of 52 (84.6%) nodules containing microcal-
cifications had thyroid cancer on final histopathology,
while nodules without microcalcifications showed malig-
nancy in 97 of 181 (53.6%) patients (p < 0.001). The inci-
dence of malignancy was 93.1% (27 of 29 patients) for
nodules with irregular margins and was 55.9% (114 of 204
patients) in those without irregular margins (p < 0.001).

Among 233 patients, 181 (77.7%) had a single nodule
and 52 (22.3%) presented 2 or more nodules. The preva-
lence of thyroid cancer was higher in patients with a soli-
tary thyroid nodule (39 of 52 patients, 75.0%) than in
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those with multiple nodules (102 of 181 patients, 56.4%)
(p =0.015).

Younger age (<45 years) was found to be associated
with an increased risk of malignancy in our cohort. Over-
all, 76 of 106 patients (71.7%) <45 years had thyroid ma-
lignancy, while 65 of 127 patients (51.2%) >45 years had
thyroid malignancy (p = 0.001).

Elastographic examination was also available for only
153 suspicious nodules, 54 of which (35.2%) had >3 elas-
tographic scores. The risk of malignancy was 77.7% in
nodules with >3 elastographic scores, while malignancy
risk was much lower (51.5%) for nodules having <3 elas-
tographic scores (p = 0.019).

On univariate analysis, the Bethesda System sM sub-
group, microcalcifications, irregular margins, solitary
thyroid nodule, >3 elastographic scores, and younger age
(<45 years) were associated with a high risk for malig-
nancy (Table 1).

On multivariate analysis, sM cytology (OR: 6.734, 95%
CI: 3.007-15.080, p < 0.001), microcalcifications (OR:
3.260,95% CI: 1.336-7.952, p = 0.009), and irregular mar-
gins (OR: 6.201, 95% CI: 1.303-29.523, p = 0.022) were
independent risk factors for malignancy (Table 2).
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Table 2. Multivariate logistic regression analysis for predicting
thyroid malignancy

Variable Category  Odds ratio (95% CI) p value
Age <45 years 0.676 (0.354-1.291) 0.235
Indeterminate sFN 1.096 (0.518-2.321) 0.810
FNA sM 6.734 (3.007-15.080) <0.001
Microcalcification present 3.260 (1.336-7.952) 0.009
Irregular present 6.201 (1.303-29.523)  0.022
borders

Solitary nodule present 1.941 (0.875-4.303) 0.103

ENA, fine needle aspiration; sFN, suspicious for follicular ne-
oplasm; sM, suspicious for malignancy; CI, confidence interval.

The Performance of a Predictive Model

To develop a nomogram, regression coefficients for
each variable were calculated by logistic regression analy-
sis. Each predictive variable was proportionally assigned
to point ranges from 0 to 10 on a scale in the nomogram.
Risk of malignancy was calculated for each patient ac-
cording to the constructed predictive model. For exam-
ple, the risk of thyroid malignancy in a 42-year-old (+2.1
points) patient having a solitary nodule (+3.6 points) with
AUS cytology (+0 points) and microcalcifications (+6.3
points = total 12 points) was approximately 80-85%.

The best probability cutoft point was determined as
48.5% using the ROC curve. At this cutoff point, sensitiv-
ity, specificity, positive predictive value, and negative pre-
dictive value for this established model were calculated as
74.5, 76.1, 82.7, and 66.0%, respectively. The AUC was
found to be 0.784 (p < 0.001) (Fig. 1).

Because the curve was close to the 45° line, the calibra-
tion plot for predicting malignancy risk indicated good
agreement between the predicted and observed probabil-
ities of malignancy in indeterminate thyroid nodules ac-
cording to the Bethesda System (Fig. 2).

Discussion

The interpretation and clinical decision-making con-
cerning indeterminate cytology reports according to the
Bethesda System have been considered challenging by
both clinicians and patients. Indeterminate cytology has
been reported in 15-30% of FNA results, 66% of these
eventually proving to have benign disease after diagnostic
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thyroid surgery [10]. In this study, the malignancy rate of
each indeterminate category was found to be much high-
er than that originally recommended by the Bethesda Sys-
tem. The Bethesda System proposed that the anticipated
rate of malignancy for each subgroup in the indetermi-
nate category was in the range of 5-15% for AUS, 15-30%
for sFN, and 60-75% for sM [11]. Although this system
provides the opportunity for clinicians to use the same
terminology, several recent studies have found that great
variability exists among institutions when reporting ma-
lignancy risk for each indeterminate Bethesda category.
Our findings also concur with those of previous studies.
In a recent meta-analysis, Wang et al. [12] reported that
based on 11 studies from the US, the malignancy risk of
sM nodules ranged from 65 to 85%. There existed broad
variation in thyroid cancer risk among AUS/FLUS and
sFN categories, ranging from 0 to 48% and from 14 to
49%, respectively [12-15].

Nodules with sM that carry a higher risk of malignan-
cy warrant thyroidectomy in almost all instances. As for
patients with sFN nodules, thyroid lobectomy is a com-
mon procedure regardless of their malignancy risk. This
is basically why the presence of capsular and/or vascular
invasion has to be determined to reach a differential di-
agnosis of follicular cell neoplasms, since it is impossible
to be detected by cytology. Estimating the risk of malig-
nancy of the AUS/FLUS category represents difficulty
mainly stemming from the fact that not all patients un-
dergo surgery. Decision-making in this category to select
patients for surgery is not straightforward and necessi-
tates consideration of clinical and US features together
with FNA findings. The rate of malignancy for cases un-
dergoing surgery with AUS cytology has been estimated
to be not lower than 30% in most of the recent cohorts [3,
4,16]. A number of factors detailed below may contribute
to improving the estimation of malignancy. The FLUS/
AUS category is highly associated with heterogeneity in
interpretation such that morphologic distinction is often
made subjectively between intermediate thyroid cytology
subgroups. Additionally, different cytological subdefini-
tions of the AUS category have also been subject to debate
with respect to estimation of malignancy. The nodules
which are defined as AUS mainly based on nuclear atyp-
ia carry a higher malignancy risk than those in which a
predominance of the microfollicular pattern is the lead-
ing feature for AUS diagnosis. The prevalence of malig-
nancy in patients undergoing thyroidectomy with an
AUS diagnosis is reported to be higher in a tertiary refer-
ral center like ours. Low-volume cytopathologists may be
conservative in their interpretations to minimize false-
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Fig. 1. A nomogram for predicting the probability of thyroid carcinoma. To use the nomogram, locate the patient variable on each axis.
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higher accuracy of the nomogram.

positive malignant results, which may explain the wide
variations of malignancy risk in AUS [17, 18]. The high
rate of malignancy in indeterminate categories means
that a decision for thyroidectomy is given meticulously at
this particular institution. At our institution, the decision
for thyroidectomy is taken by the multidisciplinary endo-
crine board, which involves experienced cytopatholo-
gists, pathologists, endocrinologists, and surgeons.

A Nomogram for Evaluating
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Therefore, our malignancy rate is 44% in the AUS cate-
gory, and a comment that unnecessary surgery should be
avoided as much as possible can be added.

Several reports emphasized that well-established so-
nographic features together with other clinical and cyto-
logical parameters may assist in improving the prediction
of malignancy of indeterminate thyroid nodules [3, 16].
Microcalcifications and irregular margins have the high-
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est specificities with a median value of >90%, but the sen-
sitivities for any single US feature are significantly lower
[4]. Our multivariate analysis showed that microcalcifica-
tions (OR: 3.260, p = 0.009) and irregular margins (OR:
6.201, p = 0.022) were independent risk factors for malig-
nancy on US examination. In a recent meta-analysis pool-
ing data from 31 separate studies, Brito et al. [19] found
that the diagnostic odds ratios of internal calcifications
and irregular margins for indicating malignancy were
6.78 (95% CI: 4.48-10.24) and 6.89 (95% CI: 3.35-14.1),
respectively.

Current guidelines recommend that, when evaluating
thyroid nodules, one should assume a comparable risk of
thyroid cancer in patients with a solitary nodule and in
patients with multinodular disease. However, Frates et al.
[2] found that a solitary nodule had a higher risk of ma-
lignancy than a nonsolitary nodule, but the risk of malig-
nancy per patient remains the same regardless of the
number of nodules. In a recent systematic review and me-
ta-analysis, Brito et al. [19] concluded that the risk of thy-
roid cancer was more frequent in a solitary nodule than
in multinodular disease based on the data stemming from
mostly iodine-deficient populations. In our study, the
likelihood of being diagnosed with thyroid cancer was
slightly higher in patients with a solitary nodule than in
those with multiple nodules (75-56.4%, p = 0.015).

In this study, a nomogram system which makes it pos-
sible to calculate the probability of a specific clinical out-
come for each patient using univariate and multivariate
logistic regression analysis was designed. These analyses
yielded the following predictive features (clinical, US, and
cytological) to be used in this design: age, microcalcifica-
tions, irregular margins, multiplicity of nodules, and in-
determinate subgroups of the Bethesda System. These
variables were used to establish our predictive nomogram
model. This is a very practical, efficient, and widely ap-
plicable model, as the nomogram can easily be construct-
ed based on the aforementioned parameters.

The presented study has some limitations. Although
the performance of our model is good in the determina-
tion of surgical need in individual cases, results with only
internal validation were reported. This model should be

validated in multiple, independent datasets of different
patient groups to obtain unbiased estimates of model per-
formance and so that its applicability to other populations
can be determined.

Conclusions

A predictive model or nomogram presented herein
may help clinicians and surgeons to more reliably select
patients with indeterminate thyroid cytology for consid-
ering thyroidectomy. This statistical model had good dis-
crimination (AUC of 0.784) and accurate calibration in
our patient cohort. Therefore, the rate of unnecessary
thyroidectomies in patients with thyroid nodules diag-
nosed cytologically as “intermediate subcategories of the
Bethesda System” can be decreased.
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