Asian Journal of
Research and Reports in
Endocrinology

Asian Journal of Research and Reports in Endocrinology

4(2): 42-50, 2021, Article no.AJRRE.69940

A New Algorithm in the Diagnosis of Thyroid
Nodules

Hasan Zafer Acar! and Nazmi Ozer?

'Department of General Surgery, Faculty of Medicine, Girne American University, 99428, Kyrenia,
Cyprus.

2Department of Biochemistry, Faculty of Pharmacy, Girne American University, 99428, Kyrenia,
Cyprus.

Authors’ contributions

This work was carried out in collaboration between both authors. Both authors read and approved the
final manuscript.

Article Information

Editor(s):

(1) Dr. Engbang Ndamba Jean Paul, University of Douala, Cameroon.
Reviewers:

(1) Chibao Huang, Zunyi Normal University, China.

(2) Rafal Al-Rawi, Hawler Medical University, Iraq.

Complete Peer review History: http://www.sdiarticle4.com/review-history/69940

Received 06 April 2021
Accepted 12 June 2021
Published 14 June 2021

Original Research Article

ABSTRACT

The most important problems in the follow-up of thyroid nodules are missing cancer cases or
performing unnecessary thyroidectomy.

The aim of this study is to create a more sensitive, risk free and cost-effective algorithm in the
follow-up of thyroid nodules. For this purpose, the current methods used in the diagnosis of thyroid
nodules were examined in our study.

As a method to achieve our aim in our study; based on the results of current studies on this
subject, noninvasive serum molecular marker diagnosis methods, which have been shown to be
superior to invasive biopsy methods in the diagnosis of thyroid cancers in terms of sensitivity, risk
and cost, were given priority over invasive biopsy methods in the algorithm and as a result, in this
new algorithm; it has been demonstrated that the possibility of missed thyroid cancer cases may
be less, and unnecessary surgeries can be prevented at a lower cost.

However, to come to a definitive conclusion about this, our model should be applied in large case
series and results should be compared with others.
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ABBREVIATIONS

ACE : Association of Clinical Endocrinologists;

ATA : American Thyroid Association;

BTA : British Thyroid Association;

Cl : Concordance Index;

EGFR : Endothelial Growth Factor Receptor;
ETA : European Thyroid Association;

2D-SWE :Two-Dimensional
Elastography;

Shear Wave

FNA : Fine Needle Aspiration biopsy;

DUS : Doppler Ultrasonography;

GEP : Gene Expression Profiling;

GSUS  : Gray Scale Ultrasonography;

NLR : Negative Likelyhood Ratio;

PPV : Positive Predictive Value;

PTC : Papillary Thyroid Cancer;

PTH : Papillary Thyroid Hyperplasia;

TC : Thyroid Cancer;

TIRADS : Thyroid Imaging Reporting And Data
System;

us : Ultrasonography;

USE : US Elastography;

VEGF : Vascular Endothelial Growth Factor.

1. INTRODUCTION

The most important dilemma of thyroid nodules;
not to missing cancer cases and not operate the
patient unnecessarily. Therefore, the methods
used in the diagnosis of thyroid nodules; should
be effective (sensitive), not to missing cancer
cases (risk free) and cost/benefit ratio should be
low (cost-effective).

Although, thyroid nodules are a very common
disease, only 5-8% are Thyroid Cancer (TC) [1].
Fine Needle Aspiration biopsy (FNA) is the most
commonly used method in the diagnosis of
thyroid nodules. It is a sensitive and relatively
risk free method. However, there are some
disadvantages of FNA. The aim of this study is
to create a more sensitive, risk free and cost-
effective algorithm in the follow-up of thyroid
nodules.

In a study by Pinchot et al. [2], he said that
thyroidectomy should be performed directly in the
nodules larger than 4 cm since FNA finds the
false negative rate more than 50% .

Giles et al. [3] compared the histopathological
results of 323 thyroid nodules whose FNA results
were benign. False negative diagnosis rate in all
nodules; 11.7%, in nodules between and 3-3.9
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cm; 12.8%, in nodules larger than 4 cm; 11% ,
and 4.8% in nodules of 3 cm or less.

In a study conducted by Raad et al. [4] in 738
cases who detected benign cytology in FNA, the
result of histopathological examination after the
operation was found to be false negative in 5% .
Furthermore, the FNA material from 661 thyroid
nodules, were the false negative rate increased
to 2% in nodules larger than 3 cm [5]. In the
same study, when the cytological findings were
compared with histopathological findings, the
sensitivity rate 96.7%; specificity 85.9%; positive
predictive value 76.6%; negative predictive value
98.2%, and accuracy 89.4% [5].

In FNA performed by 4077 nodules in 3767
patients by Choi et al., [6] 16.1% of cases were
insufficient cytology and 4.1% undetermined
cytological results were obtained. In this study,
the most important factor that increased the rate
of obtaining insufficient cytological material was
not the diameter of the nodule, but the
inexperienced physician performing the biopsy
[6].

In a meta-analysis performed by Ospina et al. on
32 studies, the accuracy of the diagnosis were
analyzed in the Ultrasonography (USG)-guided
FNAs [7]. The results obtained are explained
practically as follows: 8 out of 10 cases with
suspicion of malignancy in the USG emerged.
When FNA was performed in 10 cases where
USG findings were found benign, this number
decreased to 3. Only one in 10 cases with low
malignancy suspicion in the USG was detected.

The probability of malignancy was found to be
less than 1% in cases where FNA performed with
USG was found to be benign. Follicular cancer
was found in 71% of patients with suspected
follicular neoplasm in FNA.

In multi-centered papillary thyroid cancers, which
is about 20%, there is a possibility of cancer in all
nodules.Therefore, biopsy should be taken from
all nodules and total or near total thyroidectomy
should be preferred in these cases [1]. However,
in a study by Kuo et al. [8], if the tumor size is
less than 0.5 cm, there is no change in prognosis
compared to single-focus tumors .

One of the important problems in FNA is the high
rate of cytological findings that can not be
determined. In a recent retrospective study by
Alshaikh et al., [9], cytological examination was
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performed in FNA made from 681 thyroid
nodules. According to the Bethesta classification,
10.1% of the cases were found to be non-
diagnostic [9].

In a study conducted by Labourier et al., It was
shown that Positive Predictive Values (PPV) can
increase up to 97% in 109 cases with
indeterminent cytological findings [10].

Duick et al.[11] stated that 74% of indeterminate
nodules are benign in the histopathological
examination at the end of the operation, and this
rate can be reduced to 7.6% when gene
expression classification tests are performed.

In a study of 358 thyroidectomy cases, The result
revealed that when Genetic Expression Profiling
(GEP) is performed in indeterminate nodules, the
rate of diagnostic thyroidectomy can be reduced
from 19 % to 7.2 % [12].

When a diagnosis of thyroid nodules is
performed, if low risk of malignancy, uncertain
cytology or insufficient cytological material is
obtained 2 times in FNA; tests with molecular
markers in the tissue can be diagnostic.
However, due to the common opinion of the
European Thyroid Association (ETA) and the
Association of Clinical Endocrinologists (ACE), it
is relatively expensive. So, they recommend
using molecular tests in tissue only in cases that
have not been diagnosed with FNA. [13].

Expression of Vascular Endothelial Growth
Factor (VEGF) increases in tissue in cancer
cases. Salajegheh et al. showed that VEGF A
and C increased in 136 thyroid cancer cases
[14]. In a study by Gong et al. D2-40, CK19,
galactin-3, VEGF and Endothelial Growth Factor
Receptor (EGFR) expression were investigated
and found high in 38 Papillary Thyroid Cancer
(PTC) and 12 Papillary Thyroid Hyperplasia
(PTH) cases [15].

Volirinsky et al. [16] indicated that VEGF-C was
to be significantly higher in PTC . In a study by
Luo et al. VEGF —C and D were found to be
significantly higher in thyroid cancer cases [17].

Although cases with FNA also rarely occur;
tumor formation, metastasis and death can be
seen depending on the inoculation of cancer
cells along the needle path. Hayashi et al. [18]
found that thyroid cancer (0.15%) located along
the needle pathway as a result of biopsy from
thyroid tumor in 22 of 11.745 patients who had
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FNA, metastasis in 10 cases (33.3%), in 8 cases,
thyroid tumor (0.37) located along the needle
pathway from the lymph node needle biopsy was
detected. Disease-related death was observed in
4 of these patients. Cumulative tumor cell
inoculation risk was found to be 0.34% in 11.745
patients who had FNA. In a study by Nandedkar
et al. in India, 20% of the nodules undergoing
biopsy reported that approximately 0.1% of the
population had thyroid cancer [19]. Considering
that FNA is routinely performed in each thyroid
nodule, it can be predicted that; tumor
development due to cancer cell inoculation, the
risk of metastasis and death may arise in a
significant number of patients.

Increased expression of some miRNA types in
serum as biomarkers in the diagnosis of TC has
emerged as one of the most promising
noninvasive inexpensive methods. In a study by
Rezai et al., with the serum of patients with PTC,
compared miR-222, miR-181a, miR-146a and
miR-155-5p expression values in the sera of
patients with benign thyroid nodules, found that
the difference was significantly higher in papillary
thyroid cancer cases [20]. In the study of Zhiyan
et al. in 120 PTC, 29 nodular goiter and 131
healthy control groups; miR-346, miR-10a-5p
and miR-34a-5p were statistically significantly
higher in serum in patients with thyroid cancer
[21].

Plasma expressions of 3 types of RNA were
monitored  dynamically and  significant
overexpression of miR-222, miR-221 and miR-
146b in patients with PTC was determined
compared to benign thyroid nodules
[22].Therefore it was stated that these 3
microRNAs may be new noninvasive molecular
markers in the diagnosis, prognosis and
monitoring of PTC.

Fan et al. in a study, they collected serum
samples from 57 thyroid cancer and other cancer
patients and measured circMAN1A2 in serum
samples taken from 121 healthy people as a
control group, found that circMAN1A2
upregulation was significantly higher in cancer
patients [23]. They stated that circMAN1A2 may
be a new and important biomarker in early
diagnosis of cancer. In a meta-analysis
conducted by Li et al. on the diagnostic value of
cir RNA as a biomarker in cancers; 64 single, 13
combined cirRNA analyzes were evaluated, and
it was confirmed that combined cirRNA had an
important  place in cancer  diagnosis
[24].
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In a multi-center study, it has been shown that
the sensitivity and specificity rates of these
features of nodules in the diagnosis of cancer
occur as follows: malignant nodules were a taller
than wide shape (sensitivity, 40%; specificity,
91%), a spiculated margin; (sensitivity, 48%;
specificity, 92%), marked hypoechogenicity
(sensitivity, 41%; specificity, 92%)),
microcalcification (sensitivity, 44%; specificity,
91%), and macrocalcification (sensitivity, 10%;
specificity, 96%) [25].

In a comparative study conducted by Rosario et
al., [26] with Gray Scale US (GSUS) and Doppler
US (DUS) in 1502 solid thyroid nodules larger
than 1 cm; They showed that when DUS was
added to GSUS, the sensitivity increased to
89.4%.

In a study by Rezavi et al. 3531 thyroid nodules
(927 malignant, 2604 benign); echogenicity,
calcifications, edge properties, halo formation,
image and color Doppler, elasticity and stres
ratios were investigated. The respective
sensitivities and specificities were as follows:
elasticity score, 82% and 82%; strain ratio, 89%
and 82%; hypoechogenicity, 78% and 55%;
microcalcifications, 50% and 80%; irregular
margins, 66% and 81%; absent halo sign, 56%
and 57%; nodule vertical development, 46% and
77%; and intranodular vascularization, 40% and
61% [27]. In a study conducted by Cantizati et al,
Doppler and strain ratio measurements were
performed before operation in 315 indeterminent
nodule cases. US Elastography (USE) with strain
ratio showed 90.6 % sensitivity, 93 % specificity,
82.8 % PPV, 96.4 % Negative Predictive Value
(NPV), while US score yielded a sensitivity of
52.9 %, specificity of 84.3 %, PPV 55.6 % and
NPV 82.9 %. According to the results of their
studies, they emphasized that strain ratio
findings are important especially in the
separation of malignant nodules in indeterminent
thyroid nodules [28 ].

Validation of the classification of Thyroid Imaging
Reporting And Data System (TIRADS) made in
502 nodules was compared with
histopathological examination of the surgically
resected nodules. Malignancy was 0% (0/116) in
TIRADS 2, 1.79% (1/56) in TIRADS 3, 76.13%
(185/243) in TIRADS 4 (subgroups: TIRADS 4A
5.88% (1/17), TIRADS 4B 62.82 % (49/78),
TIRADS 4C 91.22% (135/148)], and 98.85%
(86/87) in TIRADS 5. In cases where FNA was
performed, in TIRADS 4 and 5; sensitivity 99.6%
(95% CI: 98.9--100.0), specificity 74.35% (95%
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Cl: 68.7-80.0), PPV 82.1% (95% ClI: 78.0-86.3),
NPV 99.4% (95% CI: 98.3-100.0 ), Positive
Likelyhood Ratio (PLR) 3.9 (95% CI: 3.6-4.2)
and a negative likelyhood ratio (NLR) 0.005 (95%
Cl: 0.003-0.04) for malignancy. According to the
results of their study, they said that the TIRADS
classification is a good method in the selection of
cases requiring biopsy [29].

In a study conducted by Liu et al. In 331 nodules,
they performed Two-Dimensional Shear Wave
Elastography (2D-SWE) after routine US
examination in order to separate malignant and
benign nodules. According to the findings they
obtained in their work, 2D-SWE, although
nodules smaller than 1 cm are not very
satisfying, they reported that they are effective in
differentiating malignant cases in larger nodules
[30].

Chug et al. Evaluated the results obtained in their
US examination in 167 thyroid nodules according
to American Thyroid Association (ATA), British
Thyroid Association (BTA) and TIRADS
categories. The sensitivity in ATA, in BTA and in
TIRADS were found to be 98%, 95%, 94%,
respectively [31].

Li and colleagues conducted a study taking into
account the sensitivity and costs of molecular
tests, and showed that performing molecular
tests in patients with uncertain cytology at FNA is
less costly than performing FNA every year [32].
Furthermore, Gomez and colleagues reported in
a study that total thyroidectomy is more cost-
effective than hemithyroidectomy in follicular
thyroid cancer [33]. It was reported that only 2 of
the 71 cases who had reoperation due to
recurrent papillar thyroid cancer had true
recurrence, and 69 patients had persistent
disease [34].

Considering that the probability of multicentric
thyroid cancer is approximately 20% in cases of
nodular goiters, performing a total or near total
operation in all thyroid nodules at risk of
malignancy will decrease the possibility of
leaving tumor focus behind by eliminating the
possibility of reoperation and also eliminating the
possibility of reoperation will reduce costs
[8,34,35].

Molecular diagnostic methods have been placed
in the algorithm created by Li et al., for the
diagnosis of thyroid nodules because it is cost-
effective. However, in this algorithm, lobectomy
has been suggested for suspected malignancy at
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many stages [32] but, since there is a high risk of
leaving tumor tissue behind in these cases,
reoperation will be required and it will be risky
and not cost-effective  [33-35].  Thus,
developement of a new risk free and cost-
effective algorithm is required.

The algorithms previously developed fort the
diagnosis of thyroid nodules reported in the
literature were inadequate and a new improved

algorithm is needed. Therefore, new algorithm is
the aim of this investigation to figure out more
sensitive, risk free, cost-effective, besides
diagnosis, which help to select the type of
surgeries to be performed.

2. METHODS

The new algorithm created is listed in Fig. I.

Nodules > 3 cm : Substantial Coiter Nodules <3 cm

USG, Doppler, Elastography
Total or Near Total Thyroidectomy

USG, Doppler, Elastography Molecular tests
in serum

i |

v

High Risk of Malignancy
ATALS. BTAUL USTIRADS 4C, ¢

v

Low Risk of Malignancy
ATA 123, BTA U2, UY; TIRADS 1,4A.4B

Total or Near Total Thyroidectomy Fine Needle Aspiration Biopsy (FNA)
by Experienced specialist
) |
Adcq-lte‘C)fology I-uﬂ‘kklt‘ Cytology
L 4 woeks later FNA
Malignancy Low Risk Indeterminate Benign
Bethesta 4,5,8 \Y C Bethesta 2
Total or Near Total  Bethesta3 ~  Bethesta 1 Periedic fallow-
Thyroidectomy T o
Low Risk Malignancy - Indeterminate Cytology in FNA
VEGF-A,B,C,D
High Risk of Malignancy Low Risk of Malignancy
Tetal or Near Total Thyroldectomy Molocular and geactic
cuprevsion profiling tests
I
High Risk of Malignancy Low Risk Malignancy

Total or Near Total Thyroldectomy

Periedic follow - wp

Insufficient Cytology
4 wocks later FNA

v

Adequate Cytology

v

Insufficient Cytology

v
High Risk of Malignancy

Total ar Near Total Thyroldectomy

VEGF-A.B.C.D
v

L
Low Risk of Malignancy
Molecular, GEP tests in tivswe or oyt fluid

v
High Risk of Malignancy

Tetal or Near Total Thyroidectomy

1
v
Low Risk Malignancy

Periedic follow - wp

ATA: Amencan Thyroid Association; BTA: Brtish Thyroid Associztion; TIRADS: The
thyroid imaging reporting and data system; FNA: Fine needle aspimation biopsy: VEGEF:
Vascular endothelial growth factor; USG: Ultrasomography: GEP: Genetic expressson

Fig. I. A new algorithm in the diagnosis of thyroid nodules
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2.1In Nodules Larger than 3 cm and in
Cases of Substernal Goiter

The rate of false negative findings increases in
nodules larger than 3 cm [2,3]. Also, as the size
of the nodules increases, the symptoms of
compression on the trachea increase. In the
study conducted by Eng et al., he reported that
the nodules larger than 1.5 cm had relief in the
neck of the patient after thyroidectomy [36]. For
these reasons, in patients with thyroid nodules
larger than 3 cm and substernal goiter,
thyroidectomy should be performed immediately
after non invasive diagnostic methods are
applied without FNA (Fig. 1).

2.2In Cases of Nodular Goiter Smaller
than 3 cm

When multiple non invasive diagnostic methods
are applied in thyroid nodules, sensitivity rates
increase [20-31]. In addition, in a study
conducted by us; it has been demonstrated that
the absolute sensitivity rates of noninvasive
serum molecular marker tests in the diagnosis of
thyroid cancers are higher than those of invasive
biopsy methods[37].

Therefore, in cases with high risk of malignancy
in  multipl non invasive diagnostic tests,
eliminating the risk of tumor inoculation (0.34%),
total or near total thyroidectomy should be
performed without FNA [8,18,19.34,35] (Fig. I).

2.3 In Cases of Nodular Goiter with Low
Risk in Noninvasive Diagnostic Tests

FNA should be performed by an experienced
specialist [4-9,19]. When FNA is performed by
experienced specialist, insufficient cytological
finding rate has been shown to decrease [6]

(Fig. 1).

2.41n Cases of Nodular Goiter with High
Risk of Malignancy in FNA

In cases with high suspicion of malignancy in
FNA, total or near total thyroidectomy should be
performed [8,34,35]. Because in most of these
cases, the histopathological result will be
malignant [4-9,19] (Fig. 1.

25In Cases with benign Cytological
Findings in FNA

Periodic follow-up is sufficient every year in
cases with benign outcome in FNA.
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The probability of malignangy is very low in these
cases with non invasive multiple diagnostic
methods and FNA performed [4-9,19-31] (Fig. I).

2.6In Cases with Low Risk Malignancy
and Uncertain Cytological Results in
FNA

When molecular tests, genetic expression tests
and VEGF expression studies were performed in
cases with uncertain cytology and in cases with
low risk malignancyin FNA, the rates of diagnosis
were increased. In these cases, since the cost of
molecular tests and gene tests is high, VEGF
tests should be performed first [14-17]. Total or
near total thyroidectomy should be performed in
cases with high risk of malignancy [8,34,35].
Molecular and gene tests in tissue should be
performed in patients with low risk of malignancy
in VEGF tests [10-13]. As a result of these tests,
total or near total thyroidectomy should be
performed in patients with high risk of
malignancy. Periodic follow-up should be
performed in cases with low risk of malignancy.
After applying the multiple non invasive and
invasive diagnostic methods mentioned above in
these cases, the risk of malignancy will be
extremely low [10-17] (Fig. I).

2.7 In Cases with Insufficient cytological
Results in FNA

After a 4-week period, FNA is performed again
by experienced specialist under the guidance of
US. If the result is undiagnostic or insufficient
cytology, VEGF tests should be performed first.
Total or near total thyroidectomy should be
performed in cases with high risk of malignancy
[8,34,35]. Molecular and gene tests should be
performed in patients with low risk of malignancy
in VEGF tests. As a result of these tests, total or
near total thyroidectomy should be performed in
patients with high risk of malignancy. Periodic
follow-up should be performed in cases with low
risk of malignancy. After applying the multiple
non invasive and invasive diagnostic methods
mentioned above in these cases, the risk of
malignancy will be extremely low [10-17]

(Fig. 1).

In our study, for the first time in the algorithms
created for the diagnosis of thyroid nodules,
based on the results obtained in current studies
on this subject, priority is given to non-invasive
serum molecular markers over invasive biopsy
methods.
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The difference and advantage of this algorithm
over others; in order for the algorithm to be more
sensitive, risk free and cost-effective, the most
appropriate diagnostic methods are
recommended at each stage, as well as which
operations should be performed at which stage.
However, in order to reach a definitive conclusion
in this regard, this model should be applied in
large case series and the results should be
carefully evaluated.

The weakness of our work; there is no study in
the literature where the above algorithm is
applied. We have just started such a study.
Therefore, we are currently unable to
gquantitatively report the advantages of this
algorithm.

3. CONCLUSIONS

e Thyroidectomy should be performed after
some noninvasive tests in nodular goiter
larger than 3 cm and in substernal goiter.

e Primarily non invasive multiple diagnostic
methods should be used in the diagnosis
of thyroid nodules less than 3 cm.

e FNA is still present an effective, relatively
inexpensive and low-risk method in the
diagnosis of thyroid nodules. However, it
should not be done in every case of thyroid
nodules.

e Irrespective of the size of the nodule and
the kind of the diagnostic test; when a high
risk of malignancy is seen, total or near
total thyroidectomy should be performed.
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