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Approaching Indeterminate Thyroid Nodules in the Absence of
Molecular Markers: “The BETH-TR Score”
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Context: Given the lack of easy access to molecular markers for indeterminate thyroid nodules (Bethesda (BETH) category I1I, IV), the clinician
can either decide to get a second opinion from an expert high-volume thyroid cytopathologist, redo the FNAC after a period of 3—6 months, or
send the patient for a diagnostic hemithyroidectomy. Reviewing the sonographic risk features is also one way of triaging these nodules. The
ACR-TIRADS (TR) is an objective method of sonographic risk assessment and is superior to other forms of sonographic classification. Aim: We
propose combining the scoring of the TR category and BETH category (both expressed as a numerical value and summated) and look at the score
which could potentially guide the clinician in deciding whom to send for surgery. Settings and Design: Observational prospective collection
of consecutive patient data from the thyroid FNAC clinic. Statistical Analysis Used: The BETH categories were represented numerically and
summated with the TR category. The categorical outcome variables of benign and malignant nodules and the summated score was analyzed
using the Kruskal-Wallis test. Results: We analyzed 450 FNAC data, out of which 403 were thyroid nodule aspirates. Out of these nodules,
96 of them underwent surgery and 64% of these nodules were malignant on final histopathology (malignant = 62 and benign = 34). The mean
size of the benign nodules was 3.6 £ 2.2 cm compared to 2.8 £ 1.8 cm of the malignant nodules. After excluding those with BETH 1 (n = 4),
the mean BETH-TR score for benign nodules was 6 + 1.4 and malignant nodules 9.4 = 2.1 (P < 0.0001). The BETH-TR score progressively
increased from 7.3 £ 0.92 in follicular thyroid cancers (FTC) to 8.6 + 1.4 in follicular variant papillary thyroid cancer (FVPTC) to 10 £ 1.3 in
classic papillary thyroid cancers (PTC). Among the indeterminate nodules (BETH III and IV; n = 40), the BETH-TR score of benign nodules
was 6.75 = 1 and malignant nodules was 7.5 = 0.72 (P value = 0.01). A BETH-TR score >7 gave a sensitivity of 92% specificity of 74% and
correctly identified malignant nodules in 86% of cases (likelihood ratio 3.5; ROC area: 0.8841; CI 0.79-0.94). Conclusion: A combined
sonocytological BETH-TR score is one way to triage the management of indeterminate thyroid nodules. ABETH-TR score >7 gave a sensitivity
of 92% specificity of 74% and correctly identified malignant nodules in 86% of cases.
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INTRODUCTION In the BETH category IV (follicular neoplasm [FN]),
cytology does not show the capsular and/or vascular invasion
that distinguishes a follicular thyroid cancer from a benign
follicular adenoma. The clinician must discuss with the
pathologist to ascertain the reason for the categorization
of the cytology in the indeterminate category if it is not

The Bethesda System for the Reporting of Thyroid
Cytology (BETH) recognizes six diagnostic categories
of thyroid nodule cytology with an incremental risk of
malignancy [Table 1].00 Although the BETH system created
a much-needed handhold by standardizing the cytological
diagnosis and management of thyroid nodules worldwide,
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explicitly indicated. Improvement in the assessment of
indeterminate fine-needle aspiration (FNA) results with
molecular testing that allows better risk stratification and
reduces the need for diagnostic thyroid surgery. However,
their current availability and utility in the Indian scenario are
quite limited. This leaves the clinician to fall back on three

options, the clinician can either decide to get a second opinion
from an expert high-volume thyroid cytopathologist, redo
the FNAC after a period of 3—6 months, or send the patient
for a diagnostic hemithyroidectomy.® Traditionally, thyroid
sonography has been used to decide on which nodules need
further investigation including FNAC. The ACR-TIRADS

Table 1: The Bethesda System for Reporting Thyroid Cytopathology and their Management

Bethesda Class  Diagnostic Criteria

Risk of malignancy (%)

Usual management

1 Non-diagnostic
11 Benign
1T Atypia of Undetermined Significance or Follicular

Lesion of Undetermined Significance (AUS/FLUS)

Repeat FNAC with Ultrasound guidance

0-3 Clinical Follow up
5-15 Repeat FNAC
15-30% Surgical Lobectomy
60-79 Near-total thyroidectomy or Surgical Lobectomy
97-99% Near-total thyroidectomy

v Follicular Neoplasm (Specify if Hurthle cell type)
\% Suspicious for Malignancy
VI Malignant

Table 2: ACR TI-RADS reporting system for sonographic classification of thyroid nodules and their management

ACR TI-RADS

COMPOSITION ECHOGENICITY SHAPE MARGIN ECHOGENIC FOCI
(Choose 1) (Choose 1) (Choose 1) (Choose 1) (Choose All That Apply)
Cystic or aimost 0 points Anechoic 0 points Wider-than-tal 0 points Smooth 0 points None or large 0 points
Compeely oyke . Hyperechoicor 1 pont Taechawide  3pons [ | Idefined Oponis | [comeiadariocs .
Spongiform 0 points isoechoic - 2points Macrocalcifications 1 point
Mixed cystic 1 point Hypoechoic 2 points imegular Peripheral (rim) 2 points
and solid calcifications
Very hypoechoic 3 points Extra-thyrok 3 points

Solid or almost 2 points o - emgm - Punctate echogenic 3 points
completely solid foci

[ Add Points From All Categories to Determine TI-RADS Level }-

A 4 v A 4

( TR2 TR3 TR4
Not Suspicious Mildly Suspicious Moderately Suspicious
No FNA FNAif 2 2.5 cm FNAif2 1.5cm
Follow if > 1.5 cm Follow if > 1.cm
COMPOSITION ECHOGENICITY SHAPE MARGIN ECHOGENIC FOCI

Spongiform: Composed predomi- | Anechoic: Applies to cystic or almost | Taller-than-wide: Should be assessed | Lobulated: Protrusions into adjacent | Large comet-tail artifacts: V-shaped,
nantly (>50%) of small cystic completely cystic nodules. on a transverse image with measure- | tissue. >1 mm, in cystic components.
spaces. Do not add further points rechoic/isoechoic/ypoechoic: | Ments parallelto sound beam for Imequiar- Jagaed, spiculated. or shamp | Macrocalcifications: Cause acoustic
for other categories. mred to adjacent parenchyma, | Meight and pemendicular to sound a”nzgles. i & shadowing.
Mixed cystc and sold: Assign | very hypoechoic: Moe hypoechoc. | 2o O™ Extrathyroidal extension: Obvious | Penpheral: Complete or incomplete
points for predominant solid than strap muscles. This can usually be assessed by invasion = malignancy. along margin.
iy 5 Assign 1 point f echogenicity cannot | "2 5P Assign 0 ponts if margin cannot be m;fwwﬂwmwwm
Assign 2 points if composition | be determined. determined. :
cannot be determined because of

*Refer to discussion of papillary microcarcinomas for 5-9 mm TRS nodufes.
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scoring (TR) [Table 2] has higher performance for selecting
thyroid nodules for FNAC compared to the rest of the
TIRADs and ATA risk stratification.[*! However, sonography
can also be used for triaging indeterminate nodules and
improve the predictive value of Bethesda scoring and
improve the risk assessment.[*? The prevalence of suspicious
sonographic features among studies of AUS/FLUS cytology
nodules ranged from 18% to 50%. From the four Korean
studies (overall malignancy rate 40%—-55%), the reported
cancer risk in AUS/FLUS nodules with the high suspicion
sonographic pattern is 90%-100%,*% and the presence of
even one suspicious sonographic feature (irregular margins,
taller than wide shape, marked hypoechogenicity, or
microcalcifications) increases the cancer risk to 60%—90%.
Thus having decided to FNAC a thyroid nodule based on
sonographic features, it may a good idea to “look back” at the
sonographic features once we have indeterminate cytology
to effectively triage these nodules either for observation or
surgery.

Aim AND OBJECTIVE

We propose combining the scoring of TR and
BETH (both expressed as a numerical value and summated)
and look at the score of indeterminate nodules which could
potentially guide the clinician in deciding whom to send for

surgery.

SusJects AND METHODS

We prospectively collected the data of patients attending the
Thyroid Nodule Clinic of the Endocrinology Department of
Narayana Hrudhalaya Hospitals, Bangalore from July 2018 to
December 2019. All patients had a sonographic stratification
of the nodule intended for FNAC using the ACR-TI-RADS
scoring (TR) by a single observer. In patients referred for
surgery, the TR score was confirmed and detailed mapping
of the neck was done preoperatively. The ultrasound-guided
FNAC was performed using 23G needles and wet slides were
sent to the pathology department in Koplik jars while dry
slides were sent on trays and cell blocks in plastic containers.

Table 3: BETHESDA and TIRADS category distribution in the nodules that were operated and excluding Beth |

category (n=92)

TR2 TR3 TR4

TR5

BETH II n=3 (All Benign) n=10 (All Benign)

BETH III n=1 (Benign) n=8 (Benign=7) n=15 (Benign=4)
FTC (MI)=1 (Malignant=11)*

BETH IV - n=1; FTC (MI)=1 n=2 FVPTC=2

BETHV - - -

BETH VI - -

n=3 (PTC=2; Lymphocytic thyroiditis=1)

n=3 (All Benign) -

n=10 (Benign=3)

(Malignant=7)**

n=3 FTC (WI) = 2; Benign=1

n=7 (PTC=6; FVPTC=1)

n=26 (PTC=23; MTC=2; FVPTC=1)

FTC (MI): Follicular thyroid cancer (minimally invasive) FTC (WI) = Follicular thyroid cancer (widely invasive). PTC=papillary thyroid cancer;
MTC=medullary thyroid cancer. *Malignant category included FTC (MI) = 5, PTC=3, FVPTC=I; FTC (widely invasive) = 1; ATC=1. **Malignant

category included PTC=4; FTC (WI) = I; FVPTC=2

Table 4: Studies in the literature assessing the role of sonographic scores in indeterminate thyroid nodules

Study Number of Sonographic  Prevalence of Sensitivity and  Positive Predictive Value Negative Predictive
surgically operated Classification ~ Malignancy  Specificity (PPV) Value (NPV)
Indeterminate used on final
nodules histology

Grani 49 ATA TIRADS 39% TIRADS 4c: 71% ATA Extremely low risk

et al. (Korean) TIRADS 4a: 42% 91-100%
ATA Int Risk: 63% TIRADS 2-3: 74-100%
ATA Low Risk: 44%

He 453 TIRADS 29% (Beth III)  Sensitivity 99.6% PPV 60% and Accuracy 62.3% NPV 96.6%

et al ) (Korean) 44% (Beth IV)  Specificity 14%

Maia 136 TIRADS 8.7% (Beth III) TI-RADS 4B and 5, combined ~ TI-RADS 3 and 4A and

et al.'¥ (Korean) 51.3% (Beth with Bethesda IV resulted in a Bethesda III combined to

V) PPV of 75% for malignancy an NPV of 90%

Baser 179 TIRADS TIRADS categories of 4c In FLUS categories,

et al™ (Korean) and 5 were more frequent in TIRADS categories
malignant nodules (P<0-05) were not associated with
under AUS category malignant nodules (P>0.05)

Lee 133 ATA ATA risk stratification helped Malignancy rate in the very

et all" discriminate malignant nodules  low suspicion group was

in the AUS group (P=0.032) but
not the FLUS group (P=0.168).

0% in AUS/FLUS nodules
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The cytology was reported by four different cytopathologists.
Ethics approval was obtained from the ethics committee of
Narayana Hrudhalaya Hospitals.

Statistical analysis

The data was analyzed using a Stata Software version 15
(StataCorp). Continuous variables were represented using
mean and standard deviation. The BETH categories were
represented numerically and summated with the TR category.
The categorical outcome variables of benign and malignant
nodules and the summated score was analyzed using the
Kruskal-Wallis test.

ResuLts

We analyzed 450 FNAC data, out of which 403 were thyroid
nodule aspirates. Out of these nodules, 96 of them underwent
surgery and 64% of these nodules were malignant on final
histopathology (malignant = 62 and benign = 34) [Figure 1].
The mean size of the benign nodules was 3.6 £ 2.2 cm
compared to 2.8 + 1.8 cm of the malignant nodules. After
excluding those with BETH 1 (n = 4), the mean BETH-TR
score for benign nodules was 6 + 1.4 and malignant nodules
9.4 £ 2.1 (P <0.0001). The BETH-TR score progressively
increased from 7.3 + 0.92 in follicular thyroid cancers (FTC) to
8.6 £ 1.4 in follicular variant papillary thyroid cancer (FVPTC)

Number of FNAC
n =450
(June 2018 to Oct 2019)

Number of thyroid bed
lesion or Lymph node
FNAC (n =47)

Missing data
Bethesda (n = 17)
TIRADS (n=4)

Non-operated Thyroid
nodules n = 287
Bethesda I: n =24 (9%)
Bethesda Il: n =135 (47%)
Bethesda Ill: n = 94 (33%)
Bethesda IV: n = 13 (5%)
Bethesda V: n=4 (1%)
Bethesda VI: n = 14 (5%)

Thyroid nodules who
underwent surgery
n=96

Benign nodules (n = 34)

NIFTP n=1

Intra-thyroidal Parathyroid n = 1
Rest (n = 31)

(Follicular adenomas,
Multinodular

goiter, adenomatoid nodule,
lymphocytic thyroiditis)

Excluded Bethesda
category 1 (n=4)

Malignant nodules (n = 62)
PTC (classic) n = 36

FVPTC (encapsulated) n = 4
FVPTC (invasive) n =5

PTC (Tallcell)n=2

PTC (Diffuse Sclerosing) n =1
FTC (min invasive) n =7

FTC (widely invasive) n = 4
MTCn=2

ATCn=1

BETH-TR scoring calculated
for 92 thyroid nodules

Mean BETH-TR score
Benign Nodules 6+1.4

Mean BETH-TR score
Malignant (overall) 9.4+2.1
FTC (n=11) 7.32£0.92
FVPTC (n=9)8.6+1.4
PTC (n=39) 10+1.3

Figure 1: Summary of the thyroid nodules underwent FNAC and those that underwent surgery and their BETH-TR scores
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Operated Thyroid nodules
n=96

.

BETHESDA Cat lll (n = 34) BETHESDA Cat IV (n = 6))

Malignant Nodules (n = 5)
BETH-TR score
Mean 8.2+0.83

Benign Nodules (n = 15)
BETH-TR score
Mean 6.6+0.9

Malignant Nodules (n = 19)
BETH-TR score
Mean 7.3+0.58

Figure 2: BETH-TR scoring in indeterminate thyroid nodules

to 10 £ 1.3 in classic papillary thyroid cancers (PTC). A table
of the BETH and TR scoring is shown in Table 1. None of
the BETH II nodules had a TRS sonographic phenotype,
similarly, none of the BETH V or VI nodules had a TR2 or
TR3 phenotype. Among the indeterminate nodules, there is a
progressive increase in the number of malignant nodules as the
TIRADS phenotype progresses from TR2 to TRS [Table 3].
Among the indeterminate nodules (BETH III and IV; n = 40),
the BETH-TR score of benign nodules was 6.75 + 1 and
malignant nodules was 7.5 £ 0.72 (P value = 0.01) [Figure 2].
A BETH-TR score >7 had a sensitivity of 92% specificity
of 74% and correctly identified malignant nodules in
86% of cases (likelihood ratio 3.5; ROC area: 0.8841; CI
0.79-0.94) [Figure 3].

Discussion

ACR-TIRADS sonographic phenotyping has a lot of
advantages. While it was primarily developed to triage nodules
for FNAC, and avoid unnecessary FNACs of benign nodules,
it is clear that it can also help identify malignant nodules
effectively, particularly when combined with the Bethesda
scoring. We found that our combined BETH-TR score was
lowest in the benign nodules and progressively increased
in FTC, FVPTC, and was the highest in PTCs. Among the
malignant nodules, PTC has highly specific sonographic
features while sonography is less discriminative of FTC
and FVPTC. However, when combined with cytological
features the discriminatory power of ACR-TIRADS could
improve. Few studies have addressed the role of sonographic
scores in indeterminate thyroid nodules [Table 4].1 The
presence of marked hypoechogenicity, taller-than-wide,
punctate echogenic foci and extra-thyroidal extension each
carry three points and likely to push the sonographic phenotype
into a TR4 or TRS nodules. Maia ez a!l. studied the combination
of the TI-RADS score with the Bethesda system to stratify
malignancy risk in 136 indeterminate thyroid nodules, showing
a negative predictive value of 90% in nodules classified as
Bethesda III and TI-RADS 3 and 4a scores, and a higher
risk of malignancy (75-77%) in nodules scored as TI-RADS

>

AUCHSE = 0.93020.026 v
95%Cl=0.878-0.982
p<0.01 ;

0.8+

/

/

: y Youden index (J) = 0.7
04 i 7 Sensitivity = 92.3%
] : Specificity = 72.7%
i PPV = 86.6%
0.2 . NPV = 96%
LR+=35
LR-=0.03

Sensitivity

0.0-—45 T T T T
00 02 04 06 08 10

1 - Specificity

Figure 3: ROC curve generated for a combined BETH-TR score >7

4b and 5 with Bethesda IV and V.'" While individual risk
stratification of BETH scoring and TR scoring has been studied
in indeterminate thyroid nodules, there is not much literature in
combining these two risk scores. The advantage of doing this
is because of the high concordance between the two scoring
systems in the extreme cases of benign and malignant thyroid
nodules. In the indeterminate categories (BETH categories III
and IV), adding the TR score may help risk-stratify nodules
better. Hence, sonographic scoring could not only select the
nodule for biopsy but also triage cytologically indeterminate
thyroid nodules for management (sonographic follow-up,
repeat FNAC, or surgery). The limitations of our study include
the clinical (circular) bias in referring a patient for surgery one
of the factors being sonographic characteristics and a smaller
number of surgically resected indeterminate nodules.

CoNcLUSION

A combined sonocytological BETH-TR score is one way
to triage the management of indeterminate thyroid nodules.
A BETH-TR score >7 gave a sensitivity of 92% specificity
of 74% and correctly identified malignant nodules in 86%
of cases.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Cibas ES, Ali SZ. The 2017 Bethesda system for reporting thyroid
cytopathology. Thyroid 2017;27:1341-6.

2. Cibas ES, Baloch ZW, Fellegara G, LiVolsi VA, Raab SS, Rosai J, et al.
A prospective assessment defining the limitations of thyroid nodule
pathologic evaluation. Ann Intern Med 2013;159:325-32.

3. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ,
Nikiforov YE, et al. 2015 American thyroid association management
guidelines for adult patients with thyroid nodules and differentiated
thyroid cancer: The American thyroid association guidelines task
force on thyroid nodules and differentiated thyroid cancer. Thyroid

Indian Journal of Endocrinology and Metabolism | Volume 24 | Issue 2 | March-April 2020 -




Mehta and Kannan: Approaching indeterminate thyroid nodules in the absence of molecular markers: “The BETH-TR score”

2016;26:1-133.

Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland LL,
Teefey SA, et al. ACR Thyroid imaging, reporting and data
system (TI-RADS): White paper of the ACR TI-RADS committee.
J Am Coll Radiol 2017;14:587-95.

Castellana M, Castellana C, Treglia G, Giorgino F, Giovanella L,
Russ G, et al. Performance of five ultrasound risk stratification systems
in selecting thyroid nodules for FNA. A meta-analysis. J Clin Endocrinol
Metab 2019. doi: 10.1210/clinem/dgz170.

Yoo WS, Choi HS, Cho SW, Moon JH, Kim KW, Park HJ, et al. The role
of ultrasound findings in the management of thyroid nodules with atypia
or follicular lesions of undetermined significance. Clin Endocrinol (Oxf)
2014;80:735-42.

Gweon HM, Son EJ, Youk JH, Kim JA. Thyroid nodules with Bethesda
system III cytology: Can ultrasonography guide the next step? Ann Surg
Oncol 2013;20:3083-8.

Kim DW, Lee EJ, Jung SJ, Ryu JH, Kim YM. Role of sonographic
diagnosis in managing Bethesda class III nodules. AJNR Am J
Neuroradiol 2011;32:2136-41.

Rosario PW. Thyroid nodules with atypia or follicular lesions of
undetermined significance (Bethesda Category III): Importance of
ultrasonography and cytological subcategory. Thyroid 2014;24:1115-20.

10.

Grani G, Lamartina L, Ascoli V, Bosco D, Nardi F, D’Ambrosio F,
et al. Ultrasonography scoring systems can rule out malignancy in
cytologically indeterminate thyroid nodules. Endocrine 2017;57:256-61.

. Baser H, Cakir B, Topaloglu O, Alkan A, Polat SB, Dogan HT, et al.

Diagnostic accuracy of thyroid imaging reporting and data system
in the prediction of malignancy in nodules with atypia and follicular
lesion of undetermined significance cytologies. Clin Endocrinol
2017;86:584-90.

. Lee JH, Han K, Kim EK, Moon HJ, Yoon JH, Park VY, et al.

Risk stratification of thyroid nodules with Atypia of undetermined
significance/follicular lesion of undetermined significance (AUS/FLUS)
cytology using ultrasonography patterns defined by the 2015 ATA
guidelines. Ann Otol Rhinol Laryngol 2017;126:625-33.

. He YP, Xu HX, Zhao CK, Sun LP, Li XL, Yue WW, et al. Cytologically

indeterminate thyroid nodules: Increased diagnostic performance with
combination of US TI-RADS and a new scoring system. Sci Rep
2017;7:1-9.

. Maia FFR, Matos PS, Pavin EJ, Zantut-Wittmann DE. Thyroid imaging

reporting and data system score combined with Bethesda system for
malignancy risk stratification in thyroid nodules with indeterminate
results on cytology. Clin Endocrinol 2015;82:439-44.

- Indian Journal of Endocrinology and Metabolism | Volume 24 | Issue 2 | March-April 2020 175




