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Abstract

Objective: The aim of this study was to develop a simple predictor model to
diagnose malignancy by using ultrasound features of thyroid nodules and the
association with cytopathological diagnosis obtained by fine needle aspira-
tion. Materials and Methods: The likelihood of malignancy from ultrasound
features was assessed in thyroid nodules obtained by fine-needle aspiration
biopsy (FNAB) according to cytopathological findings reported using Be-
thesda System. A score was developed depending on the presence of each ul-
trasound feature evaluated. Results: 429 nodules were assessed, 103 (24%)
were malignant. The following ultrasound features were associated with ma-
lignancy, according to the logistic regression analysis and were assigned a
score of 0, +1, +2 depending on the presence or absence of each one: hypoe-
chogenicity, solid appearance, irregular margins, microcalcifications, absence
of a halo, diameter of 210 mm and intranodular vascular flow. The area un-
der the curve of the proposed model was 0.900, demonstrating its predictive
capacity. 4 risk categories were stablished based on the score obtained. Ma-
lignant nodules scored higher than the benign nodules (7.24 + 1.87 vs. 3.74
* 1.83). Conclusions: The proposed predictive model demonstrated to be
useful and easy to apply when stratifying thyroid nodule risk of malignan-
cy using presented US features and applying the proposed risk categories
to increase the accuracy at selecting nodules that need to be studied with
FNA.
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1. Introduction

The incidence of thyroid cancer has increased in recent years. The increase in its
detection is mainly due to the use of diagnostic methods such as ultrasound (US)
[1] [2] [3]. Early diagnosis and management have had an impact in the reduc-
tion of mortality rates. The worldwide mortality rate has also experimented a
decrease. During 2010 in most of the countries, mortality rates according to sex
were situated between 0.20 and 0.40 among men, and 0.20 and 0.60 in women.
Nevertheless, mortality in women that lived in Ecuador, Colombia and Israel
was over 0.60/100,000 [2].

Ultrasound assessment of thyroid nodules remains as the most important
exam for the diagnosis approach due to its capacity of detecting potentially ma-
lignant thyroid nodules often not palpable and unsuspected. Up to 67% of the
population may present a thyroid nodule, however, less than 10% are malignant
(4] [5].

During the last decade, various authors, associations and international socie-
ties have proposed systems for the ultrasonographic categorization of thyroid
nodules in order to classify, select and detect potentially malignant lesions that
requires confirmation through fine needle aspiration biopsy (FNAB) [5] [6].

Similar to BI-RADS®, some of these proposed models aim to stratify, stan-
dardize and facilitate communication of results among radiologist and clinicians
in order to start treatment of malignant lesions or perform a FNAB and begin
the follow-up of intermediate suspicious lesions [7].

Numerous authors have submitted different TIRADS (Thyroid Reporting and
Data System) that had been validated among a wide variety of population. Nev-
ertheless, those systems are often criticized because of its lack of practicality or
reproducibility, for this reason none of the current TIRADS classification sys-
tems has been universally accepted [4] [8] [9] [10].

The aim of this study was to develop a diagnostic predictor model based on
qualitative ultrasound features of thyroid nodules that underwent FNAB, in or-
der to discriminate between benign nodules and nodules that are suspicious of

malignancy.

2. Materials and Methods
2.1. Study Design and Population

This retrospective study was performed in 429 thyroid nodules that underwent
US-guided FNAB during January of 2014 to November of 2017 at our imaging
institute (ALPHA Imagen, Quito, Ecuador) which is a tertiary referral center
that receive patients from several health institutions from all over the country.

The present paper modified and improved the initial classification proposed
by one of our co-authors, previously presented in 2014 as a retrospective study
of 1135 thyroid nodules analyzed at our center and published as part of a Ra-
dio-diagnostic dissertation thesis at the Postgraduate Institute of the Central
University of Ecuador (Mosquera M. & Luzuriaga M., 2014).
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This study was approved by our institutional review board. Informed consent
for the FNAB was obtained from all of the subjects. A minimum nodular size
was not determined to be included as part of this study.

The histopathological results of the samples obtained by FNAB were reported
according to the Bethesda classification system [11]. Nodules were included in
this study if they had a confirmed malign cytopathological diagnosis (V or VI
category). The control nodules needed to have a confirmed benign diagnose to
be included and were randomly selected among 429 samples obtained during
this period. Thyroid nodules with undetermined diagnosis were excluded (I, III
and IV categories) as well as patients under an age of 18 and incomplete infor-

mation or missing data.

2.2. Ultrasound Assessment and US-Guided FNAB Procedure

US examinations and US-guided FNAB were performed by one expert radiolo-
gist (20 years of experience) and three radiologists with less than 10 years of ex-
perience under the expert supervision.

Thyroid US examination was performed with a 10 - 14 MHz high frequency
transducer (MINDRAY, DC8 model) provided with high resolution images in
2D, tissue harmonics, color and power Doppler, spectral Doppler and Strain
Elastography. Real time US-guided FNA was performed with a 1% inch long 23
G needle on a 20 mL vacuum aspiration system (MD. TECH®)

Ultrasound findings were reported and classified instantly by the radiologist
in the electronic formulary. Nodules were assessed and classified according to
the presence or absence (Yes vs. No) of the following characteristics proposed in
our Thyroid Ultrasound Predictor Model (ALPHA Score) and to the practicality
found with this method (Table 1). US features from the ACR-TIRADS 2017
score were also registered [12].

Table 1. Suspicious ultrasound features used to create the predictor model of malignancy in thyroid nodules (ALPHA SCORE).

US NODULE FEATURE

DEFINITION REFERENCE

Hypoechogenicity lower than thyroid parenchyma. Includes mild hypoechogenicity (lower

than thyroid parenchyma but higher than strap muscle that surrounds it), moderate
HYPOECHOIC hypoechogenicity (similar to the muscle that surrounds it), marked hypoechogenicity [14] [15] [16]
(higher than the surrounding muscle. Hypoechogenicity associated with subsequent

acoustic reinforcement is not included.

SOLID More than 90% of the consistency of the nodule is solid. [16]
ins. . . o - L0111
IRREGULAR MARGINS Irregular or lobed margins. No demarcation can be seen in more than 50% of the limits of ~ [8] [10] [15]
the nodule. [17]
ABSENCE OF A HALO Unidentifiable hypoechogenic halo that surrounds nodule or parenchyma. [4] [18]
DIAMETER > 10 MM Size of the diameter of the nodule greater than 10 millimeters in the decimal system. [19]
MICROCALCIFICATIONS Intern'al or peripberal hypefecl‘log'enic pointf less'than 2 mm w}th/without acoustic shadow. (17] [20]
Associated to or immersed in liquid or colloidal tissue are not included.
CENTRAL
FLOW/INTRANODULAR Any degree of intranodular vascular flow present. [21] [22]
VASCULAR FLOW
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FNA samples were fixed, labeled and sent to the pathologist at a unique labor-
atory (Axxis Medicine Laboratories, Quito, Ecuador). The analysis of histopa-
thological samples was performed by 3 expert pathologists. The results were re-
ported using The Bethesda System for reporting thyroid cytopathology (2011)
[13].

2.3. Statistical Analysis

The first stage of analysis was performed in a sample of 429 nodules. Continuous
variables are described as a mean standard deviation (SD). The distribution of
malignancy frequency among groups and US features were compared using the
chi-squared test (X2) and Fisher exact test.

A univariate logistic regression analysis was applied to estimate the associa-
tion of each US feature and the cytopathological findings to obtain a likelihood
predictor. Odds Ratio (OR) was calculated with a confidence interval of 95%
(CI) for each US feature. The second stage of this study consisted in a paired
analysis with a randomly selected sample of confirmed malignant (cases) and
benign (controls) nodules. A univariate analysis and a logistic regression model
were also applied.

The prediction model and score design used the OR from each US feature
previously obtained by the logistic regression model analysis. Different values
were assigned to each feature (0, 1, 2) and the final score allowed further classi-
fication of the nodule based on the estimated risk. The receiver operating cha-
racteristic (ROC) curve was also obtained (IC 95%).

For all of the statistical analyses, we used the statistical software SAS Univer-
sity Edition (version 6p.2/6p.2.688de4662a09-1-1; SAS Institute Inc., Cary, NC,
USA). Statistical significance was assumed with a p value less than 0.05.

3. Results

Among the 429 nodules that were evaluated, 326 (76%) were classified as benign
and 103 (24%) as malign according to the cytopathological results. Table 2
summarizes the main demographic results as well as ultrasound findings. Mean
age of patients was 53.9 years £14.7 (range between 18 to 87 years old). There
was no statistical significant difference between sex and the cytopathologic di-
agnosis (p = 0.556).

Malignant nodules obtained significantly higher values when the following US
findings were present: hypoechogenicity, solid, irregular margins, absence of
halo (p < 0.001). Bivariate analysis demonstrated the association between each
US feature and the likelihood of malignancy as shown by the cytopathological
results.

In the subsequent analysis in the group of paired cases (cases/controls), using
a logistic regression model, the same ultrasonographic characteristics were asso-
ciated with the greater or lesser probability of malignancy and the independent
association of these was determined as predictors of malignancy based on the

ultrasound patterns that showed significance (p < 0.001).
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Table 2. Statistical Analysis.

PAIRED SUBANALYSIS

Beni R LOGISTI (103 cases vs 103 controls)
PARAMETER 8! Total o P value _ SOSISTIC CORE
(I1) (IC 95%) REGRESSION OR L LOGISTIC
P
(IC95%) - ' "¢ REGRESSION
PATIENTS — (62.14%) 103 (24%) 429
(NODULES) R ’
AGE (YEARS) .
Median 56+ 14.1 46.1+ 13.9 ; ; ; ; -
GENDER
M 60 (18.4%) 16 (15.53%) 76 - - - - -
F 266 (81.6%) 87 (84.47%) 353 ; ;
US FEATURES
6.29 418 485 1.24
HYPOECHOIC 116 (35%) 80 (77.67%) 196 <0.001 <0.001 1
OECHOIC (35%) 80 ( %) (3.75 - 10.55) (2.18-8.00)  (2.64 - 8.90) (0.45 - 3.41)
SOLID 174 (53.37%) 96 (93.2%) 270 1198 5001 6.13 1511 6001 15.08
(5.39 - 26.58) (2.46 - 15.28) (6.4 - 35.7) (4.3 - 52.90)
IRREGULAR 6.30 3.65 15.81 11.04
37 (11.35%) 46 (44.66%) 83 <0.001 <0.001
MARGINS ( 0) 46 ( %) (3.75 - 10.57) (1.92-6.93)  (5.94-42.1) (4.41 - 35.69)
MICROCALCIF 7.37 6.46 9.82 6.98
68 (20.86%) 68 (66.02%) 136 0.001 0.001
I-CATIONS (20.86%) 68 (66.02%) (4.52 - 12.00) © (3.59-11.63) (5.07 - 19.03) (3.0 - 16.22)
ABSENCE OF A 0.37 2.23 0.34 2.45
118 (36.2%) 18 (17.48%) 136 <0.001 <0.001 1
HALO (36.2%) 18 ( %) (0.21 - 0.65) (1.12-4.44)  (0.18 - 0.66) (0.99 - 6.07)
DIAMETER 2.08 3.17 2.03 3.24
226 (69.33%) 85 (82.52%) 311 <0.001 <0.001 1
>10 mm (1.19 - 3.65) (1.57 - 6.41)  (1.05 - 3.93) (1.25 - 8.45)
CENTRAL 1.49 1.26 1.64
213 (65.34%) 76 (73.79%) 289 <0.001 0.13 ; 1
FLOW ( 0) 76 ( %) (0.81 - 2.44) (0.65-2.45) (0.9 - 2.98)

Nevertheless, intranodular vascularity (central flow) was the only US finding
with a non-significant P value (p = 0.130). No significant difference was found

among age or gender in this subgroup analysis (p = 0.84 and p = 0.57).

Malignancy Predictor Model: ALPHA Score

We developed a predictor model based on the logistic regression analysis of ul-
trasound features and a specific score according to their association with the li-
kelihood of malignancy (Table 2). The design of the qualitative score consisted
in assigning a score depending on the presence or absence of the US feature
measured and according to the likelihood associated with malignancy. The
maximum possible score was 10 and minimum 0. Nodules with a malignant re-
sult scored higher than benign ones (7.24 + 1.87 vs. 3.74 + 1.83). The ROC curve
obtained an area under the curve (AUC) of 0.9009 with a sensitivity of 47.6%
and a specificity of 98.1% (Figure 1 and Figure 2).

Prevalence of malignancy in nodules that scored 2 to 3 in the model was less
than 1.9% (n = 2) and were categorized as low suspicion of malignancy. The cu-

toff point that separates the highly suspicious of malignancy category from
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Figure 1. Box plot and receiving operating characteristic (ROC) curve. (A) Score ob-
tained using the predictor model based on US features classified and histopathological
results according to Bethesda system. (B) ROC curve was obtained to determine the cu-
toff with the highest sensitivity and specificity for the risk stratification proposed in the
score.
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Figure 2. ALPHA score ultrasound features: Solid consistency (+2 point), Irregular
margins (+2p), Microcalcifications (+2p), Hypoechoic appearance (+1p), Diameter > 10
mm (+1p), Central vascular flow (+1 p). © Images property of ALPHA Image, Radiology
and Interventionism Institute, Quito, Ecuador. (A) Central flow (+1p). TOTAL 1/10; (B)
Central flow (+1p), Diameter > 10 mm (+1p). TOTAL 2/10; (C) Irregular margins (+2p),
Diameter = 10 mm (+1p). TOTAL 3/10; (D) Solid consistency (+2p), Central flow (+1p),
Diameter > 10 mm (+1p). TOTAL 4/10; (E) Solid consistency (+2p), Hypoechoic ap-
pearance (+1p), Central flow (+1p), Diameter > 10 mm (+1p). TOTAL 5/10; (F) Solid
consistency (+2p), Hypoechoic appearance (+1p), Absence of a halo (+1p)Central flow
(+1p), Diameter = 10 mm (+1p). TOTAL 6/10; (G) Solid consistency (+2p), Irregular
margins (+2p), Hypoechoic appearance (+1p), Central flow (+1p), Diameter > 10 mm
(+1p). TOTAL 7/10; (H) Solid consistency (+2p), Irregular margins (+2p), Hypoechoic
appearance (+1p), Absence of a halo (+1p), Central flow (+1p), Diameter > 10 mm (+1p).
TOTAL 8/10; (I) Solid consistency (+2p), Irregular margins (+2p), Microcalcifications
(+2p) Hypoechoic appearance (+1p), Absence of a halo (+1p), Diameter > 10 mm (+1p).
TOTAL 9/10; (J) Solid consistency (+2p), Irregular margins (+2p), Microcalcifications
(+2p) Hypoechoic appearance (+1p), Absence of a halo (+1p), Diameter = 10 mm (+1p),
Central flow (+1p). TOTAL 10/10.

moderately suspicious of malignancy was 7, which was the median score ob-
tained by malignant nodules according to Bethesda system. Otherwise, nodules
that scared 0 tol were classified as benign (Table 3).

Later, a sub-analysis was performed looking to compare the score obtained by
nodules using the ACR TIRADS 2017 and our examination of the same nodules
with our score system. We determined that nodules classified as highly suspi-
cious of malignancy scored 4.4 (+0.62) using ACR TI-RADS, whereas that mod-
erate and low suspicion scored 3.6 (£0.79) and 2.5 (+0.91) respectively. On the
other hand, the benign nodules obtained 1.8 (£0.66) with the ACR TI-RADS
score (Figure 3).
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Table 3. Risk stratification categories for thyroid nodules suggested by the ALPHA Score according to US assessment.

SCORE OBTAINED BENIGN
0-1

8.6% (28
(E: 89%) 6 (28)
2-3
30.7% (100
(S: 1.94% E: 63%) % (100)
4-6 50.3% (164)
(S: 35% E: 56%) =7
>7

10.4% (34
(S: 63% E: 91%) 6 (34)

n =429 100%(326)

MALIGN SUGGESTED CATEGORY SUGGESTED CONDUCT
0% (0) BENIGN Routine follow-up
1.9% (2) LOW SUSPICION OF MALIGNANCY Reassess in 6 months
35% (36) MODERATE SUSPICION OF MALIGNANCY FNAB: routine

63% (65) HIGH SUSPICION OF MALIGNANCY FNAB: Mandatory

100% (103)

5-|F 147.97
Prob>F<.001
4
~
-
o
~
2}
(=]
< 3
ox
[
14
(&)
<
2 |
1 | o
A B C D

Figure 3. Distribution of nodules classified according to ALPHA Score risk categories (X
axis) and the respective score obtained using ACR-TIRADS 2017 (Y axis). Risk categories:
(A) benign, (B) Low suspicion of malignancy, (C) Moderate suspicion of malignancy (D)
High suspicion of malignancy.

4. Discussion

This study allowed to observe the association between a new US scoring system
(Alpha Score) and malignancy likelihood. Since current use of US has increased
the detection of thyroid nodules, FNA procedures to exclude malignancy had
also increased [23] [24].

The limited familiarity of TIRADS classification systems and other prediction
models among physicians might lead to an over use of FNABs while at the same
time the excess of TIRADS publications may have generated confusion about the
approach and optimal use of FNAB as a diagnostic exam.

While it is true that several international guidelines focus on ultrasound as-
sessment of the thyroid nodule before deciding whether to aspirate it or not,
various authors coincide that better and easy alternative guidelines are needed in

order to facilitate communication between patients and physicians [10].
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However, TIRADS was developed based on BI-RADS®, a well-known classifi-
cation system that has been widespread by the American College of Radiology
(ACR) and initially applied to breast imaging and was designed to standardize
the reports and the radiographic language, facilitate the evaluation, reduce the
number on biopsies and suggest a specific therapeutic conduct. Nevertheless, in-
termediate categories remain as a challenge because the management usually in-
cludes imaging follow-up and confirmation through biopsy [9] [10] [25]. As a
matter of fact, category IV from BI-RADS® and TIRADS and its sub classifica-
tions A, B and C have generated many criticisms regarding its application, re-
producibility and diagnostic effectiveness, in addition to generating a significant
increase in diagnostic time for the selection and application of the score.

During the last few years, several authors have centered their research to de-
termine the reliability and accuracy of the most used TIRADS. In 2014, in
France, Moifo et al used the Russ modified TIRADS (2013) aiming to assess the
malignancy predictive capacity of it. The results presented in their study vali-
dated the proposed classification and also analyzed 4 of the ultrasound features
that demonstrated higher association with malignancy like irregular margins
(OR: 22.4), wider-than-taller nodules (OR: 19.5), microcalcifications (OR: 15.2)
and marked hypoechogenicity (OR: 12.7), values that are very similar to our
findings, however, authors concluded that more evidence is needed to ensure a
wider application [14] [16] [26]. This background is interesting because, as
Kwak et al. stated in their work back in 2011, a single ultrasound feature with a
higher association (OR) correlates stronger with malignancy rather than two
minor features together [10].

In 2017, in Brasil, Delfim et al. presented a new modified TIRADS after ana-
lyzing the predictive power of 23 ultrasound characteristics with remarkable re-
sults that shown at least 9 features highly associated with malignancy using a bi-
variate analysis that couldn’t remain as significant predictors after multivariate
analysis. Among these features are: non-ovoid shape, macrocalfications, absence
of a halo, regular/irregular-thick halo, crystal colloid, hyperechogenicity and
spongiform appearance, whilst a blurred margin was negatively associated with
the likelihood of malignancy. Only absence of a halo demonstrated to be an in-
dependent predictor feature after the logistic regression analysis, while nodular
vascularity and its criteria might need to be reformulated in further research de-
spite the evidence presented in other studies [4] [18] [20].

As presented in studies by authors like Horvath ef al, Russ ef al and others,
scoring systems that stratify risk in 5 or more categories, a higher frequency of
malignancy is usually found between intermediate to high risk categories
(TIRADS 3, 4A, 4B). This tendency was also present in our study, but we only
used 4 risk categories, of which the first 2 were very specific to exclude malig-
nancy.

In this regard, our findings allowed us to infer that most cases of malignancy

will present with the most common malignancy US patterns leading to the decision
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to perform an FNA. This interpretation should be taken with caution because,
according to a multi-center study conducted in Korea, 7.3% of malignant nodules
did not present any suspicious feature on ultrasound [17]. This last-mentioned
study does not necessary relate to our experience and possibly among other au-
thors, who agree that all malignant nodules usually present a wide variety of US
predictors.

A limitation of this study was the number of nodules included (selection bias),
despite the distribution of malign and benign results are similar to other studies,
we excluded multiple nodules and excluded results classified as Bethesda I, III
and IV, that will certainly deserve a further analysis in the future, due to evi-
dence that links some US findings as strong predictors of malignancy in follicu-
lar neoplasms (e.g. intranodular/central flow) [21].

In addition, our study did not also include elastography which can be consi-
dered a limitation due to the widely accepted tendency to use this method for
thyroid nodule assessment. However, our objective is that the applicability and
interpretation of our score remains simple, easy to use in our country as well as
other countries where the disposition of standardized equipment is not fully
available. On the other hand, elastography is not included in other classification
systems or in the latest edition of the American Thyroid Association (ATA) nor
the ACR, probably due to the lack of evidence on use of strain and quantitative
elastography (shear wave and similar) [9] [10] [27].

One strength of our study was the availability of cytopathological studies for
all samples obtained. Unfortunately, the design of this study did not contemplate
having a long-term follow-up since the main objective for its use is the adequate
selection of suspicious nodules to undergo an FNA procedure. We will consider
a future study that contemplates the correlation of our results with post-surgical
outcomes in selected groups to obtain further information about the accuracy of

our prediction model.

5. Conclusion

In conclusion, the proposed model proved to be useful and easy to apply when
stratifying thyroid nodule risk of malignancy using US features presented here
and applying the proposed risk categories. The replication of this study needs to
be considered within a multi-center design to validate it and possibly facilitate

therapeutic decisions in the management of thyroid disease.
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