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Abstract

Background The preoperative diagnosis of cytologically indeterminate thyroid nodules (ITNs) is very challenging. In
this study, we aim to provide an integrated risk assessment for thyroid nodules with indeterminate cytology to guide
surgical decision-making, which includes results of blood tests, molecular tests, and repeat fine-needle aspiration
biopsy (FNAB).

Methods The study retrospectively included 265 ITNs between June 2019 and April 2022. According to our inte-
grated risk assessment process that starts with blood testing, followed by supplementary DNA mutation detection

on the first FNAB, and finally repeat FNAB, we divided the ITNs into high-risk and low-risk groups. Performance was
evaluated with sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), area under the
receiver operating characteristic curve (AUC), and the consistency between the risk evaluation and histological results.
Results Of the 265 ITNs, 87 were included in the risk assessment process. The risk assessment had a sensitivity

of 84.1%, specificity of 83.3%, PPV of 95.1%, NPV of 57.7%, and AUC of 0.837. The nodules with consistent results
between the risk groups and histological outcomes, which included malignant cases in the high-risk group and
benign cases in the low-risk group, accounted for 83.9% of all risk-assessed nodules.

Conclusions These data suggest that the integrated risk assessment might provide proper information for surgical
decision-making in patients with ITNs.
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Introduction

According to the latest global cancer data released by
the American Cancer Society, thyroid cancer has one
of the highest incidences of cancer worldwide, ranking
seventh among women [1]. Ultrasound is the most com-
monly used imaging method to assess malignant thyroid
nodules based on the Thyroid Imaging Reporting and
Data System (TI-RADS) guidelines [2—4]. For thyroid
nodules that are difficult to identify only by ultrasound,
ultrasound-guided fine-needle aspiration biopsy (FNAB)
is usually recommended for routine diagnosis. Currently,
ENAB results are divided into six diagnostic categories
according to The Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC): (I) nondiagnostic or unsatis-
factory, (II) benign, (III) atypia of undetermined signifi-
cance or follicular lesion of undetermined significance
(AUS/FLUS), (IV) follicular neoplasm or suspicious for a
follicular neoplasm (FN/SEN), (V) suspicious for malig-
nancy (SUSP), and (VI) malignant [5, 6].

Approximately 20% of FNAB of thyroid nodules are
classified as Bethesda III/IV/V, which are defined as cyto-
logically indeterminate thyroid nodules (ITNs) [6-8].
ITNs should be treated by surgery or follow-up, depend-
ing on the clinical risk factors, ultrasound patterns, and
patient preferences [9]. Currently, histopathological
examination is the gold standard for diagnosing nodules,
and the risk of malignancy in ITNs varies from 5 to 30%
[10-14]. In other words, many patients may have under-
gone unnecessary surgeries. Therefore, the challenge lies
in distinguishing between benign and malignant ITNs
before surgery [15].

Some research indicates that a single test can help in
the management of ITNs. Blood tests for carcinoembry-
onic antigen (CEA) and calcitonin are helpful for distin-
guishing medullary thyroid cancer (MTC) from other
types of thyroid cancer in a sensitive manner [16, 17]. In
addition, the usefulness of CEA and calcitonin was also
demonstrated by immunohistochemistry in histopathol-
ogy [16, 18]. Considering the risk of malignancy of ITNs,
the side effects on patients with advanced or metastatic
MTC, and the financial burdens of additional imag-
ing evaluation, the use of serum indicators is economi-
cal and necessary [19-22]. For ITNs, recent studies have
shown that as an alternative to surveillance and diag-
nostic surgery, molecular testing may be used to sup-
plement the risk assessment of malignant tumors. Two
kinds of genetic tests, the Afirma Gene Expression Clas-
sifier and ThyroSeq genomic classifier, are the most com-
mon products in developed countries [23-25]. Although
these products can detect approximately 90% of benign
thyroid nodules and can help half of patients with inde-
terminate cytology avoid diagnostic surgery, they are
not yet available in most countries and are expensive.
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More importantly, these assays are invasive and require
at least two additional needle insertions for the analysis
of genomic expression. As an alternative, 5 of the most
common thyroid cancer-associated somatic mutations
(BRAF, HRAS, NRAS, KRAS, and TERT) have been
applied in clinical practice. The detection of these five
DNA mutations does not require additional aspiration,
and the cytological samples obtained from the first FNAB
can be used. The five most common somatic mutations
have been widely validated to identify a large propor-
tion of thyroid cancers [26—28]. In addition, it has been
reported that repeat aspiration can help to confirm the
benign or malignant of ITNs [29-32].

However, combinations of current auxiliary diagnos-
tic methods remain lacking. The aim of our research is
to provide a risk assessment tool by integrating serum
CEA and calcitonin levels, molecular alterations, and
repeat cytology results that might be useful in surgical
decision-making. To minimize damage and cost, the risk
assessment starts with blood testing, followed by sup-
plementary DNA mutation detection on the first FNAB,
and finally repeat FNAB. We describe the results of a ret-
rospective, single-center study validating this evaluation
tool in patients with ITNs.

Methods

Study population

Our 34-month retrospective study included 254 patients
and 265 ITNs at Beijing Hospital between June 2019 and
April 2022 (Additional Table 1). Patients were selected
on the basis of the following criteria: (a) thyroid nodules
are classified as TI-RADS 4 or 5; (b) thyroid nodules are
larger than or equal to 1 cm, or less than 1 cm but highly
suspected of malignancy based on the doctors’ experi-
ence; (c) diagnosis as Bethesda III or Bethesda IV or
Bethesda V based on TBSRTC; (d) older than 18 years old
and younger than 85 years old. Patients who had history
of other cancers, who had previously received radiother-
apy in the head and neck region, or had a family history
of thyroid cancer were excluded from the study. When
available, patient demographics, TI-RADS and Bethesda
classifications, DNA molecular alterations, repeat FNAB,
and histopathological diagnosis were collected.

This study was approved by the Research Ethics Board
of the Beijing Hospital, National Health Commission and
performed in accordance with the Declaration of Helsinki
(IRB number in Ethical approval: 2021BJYYEC-044-03).
All participants provided written informed consent
before participation.

Serum CEA and serum calcitonin measurement
We collected data for serum CEA and serum calcitonin
levels from the medical record system of Beijing Hospital.
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The normal values of CEA and calcitonin were defined as
less than 5.0 ng/ml and 19 pg/ml, respectively.

Fine needle aspiration biopsy

Fine needle aspiration was performed under the guidance
of ultrasound by experienced doctors at Beijing Hospital
based on Chinese guidelines on the diagnosis and treat-
ment of thyroid nodules and differentiated thyroid car-
cinomas. According to TBSRTC, the FNAB results were
classified into six diagnostic categories and confirmed
by two experienced pathologists. If the specimen meets
the criteria, mutation testing was recommended. Gene
mutations were detected on the first fine-needle aspira-
tion samples by amplification refractory mutation sys-
tem, including BRAF exon 15, HRAS exon 3, NRAS exon
2/3/4, KRAS exon 2/3/4, TERT promoter mutations
(C228T and C250T).

Surgical procedure and histological examination

Total thyroidectomy or lobectomy was performed by one
expert surgeon in Beijing Hospital depending on the clin-
ical risk factors, ultrasound patterns, FNAB, and patients’
preferences. With the help of an ultrasonic diagram, the
surgeon located the nodule and oriented the resected
specimen for pathological diagnosis. The results of a
blinded histopathological examination were used as the
reference standard.

Statistical analysis

Statistical analysis was conducted using SPSS software,
version 26. Student’s ¢ tests and Mann—Whitney U-rank
sum tests were used to analyze continuous variables.
Chi-square test was used to analyze categorical variables.
Based on established methods, sensitivity, specificity, and
positive and negative predictive values were calculated
[33]. P values less than 0.05 were considered statistically
significant.

Results
Patient and nodule characteristics
To evaluate the clinical characteristics of ITNs, we ret-
rospectively collected the data of 265 ITNs from 254
patients at Beijing Hospital in China over a 34-month
period. Of the 265 nodules, 61.1%, 23%, and 15.8% of
the nodules were classified as Bethesda III, Bethesda IV,
and Bethesda V, respectively (Fig. 1). There were more
females than males, with the proportion of females being
79.1%. For 115 nodules with uncertain cytology, molecu-
lar tests were performed. Additional Table 1 shows the
baseline features of the patients and nodules.

We finally enrolled 138 nodules with histological diag-
nosis (Additional Table 2). Of the excluded samples, 115
were followed up regularly (81 cases were Bethesda III,
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24 cases were Bethesda IV, 10 cases were Bethesda V), 8
patients chose ablation instead of an operation (5 cases
were Bethesda III, 3 cases were Bethesda IV), and 4 cases
were treated surgically in other hospitals. All 127 nodules
were excluded from the final analysis (Fig. 1).

Prevalence rate of malignant tumors among ITNs

A total of 52.9% of 138 samples were considered Bethesda
III, 23.9% were Bethesda IV, and 23.2% were Bethesda
V. The malignancy rates among all indeterminate nod-
ules were 75.4%, 78.1%, 51.5%, and 93.8% in Bethesda
IIL, IV, and V lesions, respectively. No significant differ-
ences were found in age, sex, or nodule size between the
malignant (104 samples) and benign groups (34 samples).
Additional Table 3—6 show histology and molecular alter-
ations of ITNs. In 2 cases of follicular thyroid carcinomas
with molecular changes, 1 patient carried both HRAS
and TERT mutations, and 1 patient carried TERT muta-
tion. NRAS mutation was found in 1 sample, which was
a noninvasive follicular thyroid neoplasm with papillary-
like nuclear features (NIFTP).

Integrated assessment can identify high-risk ITNs
According to our integrated risk assessment, we divided
the ITNs into high-risk and low-risk groups (Fig. 2).
Serum CEA and serum calcitonin levels were measured
in all ITNs patients, among which 3 patients showed
elevated serum CEA and calcitonin. They were classified
as high risk and finally diagnosed with medullary thyroid
carcinoma (2 cases were Bethesda IV, and 1 case was
Bethesda V). In samples with normal serum CEA and
serum calcitonin levels, 32 Bethesda V nodules were clas-
sified as high risk, and others were detected by molecu-
lar testing, including for BRAF, HRAS, NRAS, KRAS, and
TERT. We classified those with molecular alterations
as high risk and a portion of the other patients undergo
repeat FNAB at least 1 month after the first aspira-
tion. We considered nodules classified as Bethesda V or
Bethesda VI by repeat biopsy to be high risk, while others
were classified as low risk.

Among 265 cases of indeterminate fine-needle aspi-
rates, 87 cases were included in the risk assessment
(Tables 1, 2, 3, and 4). The risk assessment correctly
identified 58 out of the 69 malignant samples as high
risk and 15 out of 18 nonmalignant samples as low risk,
resulting in a sensitivity of 84.1%, specificity of 83.3%,
positive predictive value (PPV) of 95.1%, negative
predictive value (NPV) of 57.7%, and area under the
receiver operating characteristic curve (AUC) of 0.837.
To compare the results of the risk evaluation with histo-
pathology, we defined the malignant cases in the high-
risk group and the benign cases in the low-risk group
as the consistent results group and the malignant cases
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265 Indeterminate thyroid nodules
162 Bethesda III (61.1%)
61 Bethesda IV (23.0%)
42 Bethesda V (15.8%)

127 Nodules excluded for

[

no histological pathology

v

> 115 Follow up
8 Ablation

138 Indeterminate thyroid nodules
73 Bethesda III (52.9%)
33 Bethesda IV (23.9%)
32 Bethesda V (23.2%)

4 Missed for collection

!

1

138 Blood testing
3 Elevated CEA or calcitonin
135 Normal CEA and calcitonin

60 Molecular testing
26 Positive results
34 Negative results

22 Repeat FNAB
12 Bethesda II (54.5%)
1 Bethesda III (4.5%)
4 Bethesda V (18.2%)
5 Bethesda VI (22.7%)

A 4

v

87 Indeterminate thyriod nodules
39 Bethesda I1I (44.8%)
16 Bethesda IV (18.4%)
32 Bethesda V (36.8%)

51 Nodules excluded for
failure to meet the risk
assessment process

l A 4

v

87 Blood testing
3 Elevated CEA or calcitonin
84 Normal CEA and calcitonin

47 Molecular testing
19 Positive results
28 Negative results

20 Repeat FNAB
12 Bethesda II (60%)
1 Bethesda I1I (5%)
3 Bethesda V (15%)
4 Bethesda VI (20%)

| |

I

69 Histopathologic malignant

37 Histopathologic malignant

nodules nodules nodules
18 Histopathologic benign 10 Histopathologic benign 12 Cytologically benign
nodules nodules nodules

8 Histopathologic malignant

Fig. 1 Flowchart for the cytologically indeterminate thyroid nodules included in risk assessment

in the low-risk group and the benign cases in the high-
risk group as the inconsistent results group. The find-
ings indicated that the coincidence rates of the assessed
cohort and the excluded cohort were 83.9% and 31.4%,
respectively. For nodules classified as Bethesda III,
the sensitivity was 75%, specificity was 90%, PPV was
95.5%, NPV was 58.8%, and AUC was 0.83. For nod-
ules classified as Bethesda IV, the sensitivity was 63.6%,
specificity was 100%, PPV was 100%, NPV was 55.6%,
and AUC was 0.818.

With the use of repeat aspiration, 7 of 8 the papillary
thyroid cancer can be identified as high-risk (Bethesda
V or VI), and 12 of the 20 ITNs were reclassified as
Bethesda II. With the use of repeat aspiration after first
ENAB diagnosed as Bethesda III or IV and with no
molecular alterations detected, 6 of 7 papillary thyroid
cancer could be identified as high-risk (Bethesda V or
VI), and 6 of 13 ITNs were reclassified as Bethesda II
(Additional Table 7).

In the assessment system, 3 patients were found to
have false-positive results (Additional Table 8). One
was a 30-year-old female, classified as Bethesda III, and
she carried the BRAF'®*E mutation. The nodule was
located on the right side of the thyroid gland, with a size
of 0.4 cm. The other two were a 36-year-old female and
a 55-year-old male. Their left nodules were classified as
Bethesda V with BRAFY%®F mutations and sizes of 0.3
cm, and histology showed no cancer in one case and a
nodular goiter in the other case, while their right nodules
were diagnosed as papillary thyroid carcinomas. Fifty-
one nodules were excluded from the risk assessment.
Additional Table 9 shows histology of nodules excluded
from the risk assessment.

Discussion

We provided a risk assessment method for patients with
indeterminate cytology diagnoses based on the inte-
gration of blood test results, molecular signatures, and
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US-FNAB: indeterminate cytology (Bethesda III/IV/V)

Serum CEA. Serum calcitonin measurement

¥
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(AUS/FLUS) (FN/SFN)
¥ I
Molecular testing (BRAF/HRAS/NRAS/KRAS/TERT) Elevated Serum
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¥
Molecular
Repeat FNAB alterations
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Bethesda
Bethesda I/IV/III/IV V/VI
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Low risk High risk
¥ ¥
Surveillance Surgery

Fig. 2 Risk assessment for cytologically indeterminate thyroid nodules with integrated serum carcinoembryonic antigen and calcitonin

measurement, molecular testing, and repeated aspiration

Table 1 Performance of the risk assessment tool for cytologically

Table 2 Performance of the risk assessment tool for cytologically

indeterminate  samples.  Performance on  cytologically  indeterminate samples. Consistency of risk evaluation and
indeterminate thyroid nodules (N=87) histological results (N=138)
Risk assessment Malignant reference Benign Consistency Inconsistency
standard reference
standard Risk assessed 73 (83.9%) 14

o No risk assessed 16 (31.4%) 35
High risk 58 3
Low risk 11 15 p <005

Sensitivity, 84.1%; specificity, 83.3%; PPV, 95.1%; NPV, 57.7%; AUC, 0.837; p <0.05

Abbreviations: AUS/FLUS atypia (or follicular lesions) of undetermined
significance, FN/SFN follicular neoplasms or lesions suspicious for follicular
neoplasm, SUSP suspicious of malignancy, NPV negative predictive value, PPV
positive predictive value, AUC the area under receiver operating characteristic
curve

repeat cytological findings of thyroid nodules. It is criti-
cal to diagnose MTC at an early stage due to the relatively
high incidence of metastasis [20, 22]. The levels of serum
CEA and calcitonin have been proven to be risk indica-
tors for medullary thyroid cancer and are essential to
guide appropriate surgical treatment [34, 35]. Nowadays,

Abbreviations: AUS/FLUS atypia (or follicular lesions) of undetermined
significance, FN/SFN follicular neoplasms or lesions suspicious for follicular
neoplasm, SUSP suspicious of malignancy, NPV negative predictive value, PPV
positive predictive value, AUC the area under receiver operating characteristic
curve

screening for CEA and calcitonin has already become
a routine test for high-risk thyroid nodules in tertiary
care hospitals in China, and the cost is covered by the
National Health Insurance. In our study, blood tests iden-
tified all 3 medullary thyroid cancers of 87 ITNs, which is
consistent with previous research by others. Some stud-
ies have shown that a single method, such as molecular
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Table 3 Performance of the risk assessment tool for cytologically
indeterminate  samples. Performance of integrated risk
assessment on AUS/FLUS and FN/SFN (N=55)

Risk assessment Malignant reference Benign
standard reference
standard
High risk 28 1
Low risk 11 15

Sensitivity, 71.8%; specificity, 93.8%; PPV, 96.6%; NPV, 57.7%; AUC, 0.828; p < 0.05

Abbreviations: AUS/FLUS atypia (or follicular lesions) of undetermined
significance, FN/SFN follicular neoplasms or lesions suspicious for follicular
neoplasm, SUSP suspicious of malignancy, NPV negative predictive value, PPV
positive predictive value, AUC the area under receiver operating characteristic
curve

Table 4 Performance of the risk assessment tool for cytologically
indeterminate samples. Performance of repeat aspiration when
no molecular alterations detected on AUS/FLUS and FN/SFN
(N=13)

Risk assessment Malignant reference Benign
standard reference
standard
High risk 6 0
Low risk 1 6

Sensitivity, 85.7%; specificity, 100%; PPV, 100%; NPV, 85.7%; AUC, 0.929; p < 0.05

Abbreviations: AUS/FLUS atypia (or follicular lesions) of undetermined
significance, FN/SFN follicular neoplasms or lesions suspicious for follicular
neoplasm, SUSP suspicious of malignancy, NPV negative predictive value, PPV
positive predictive value, AUC the area under receiver operating characteristic
curve

testing or repeat FNAB, can help determine the preva-
lence of malignancy in ITNs [7, 36—46]. In recent years,
two kinds of gene tests have appeared on the market,
the Afirma Gene Expression Classifier and ThyroSeq
genomic classifier. A randomized clinical trial includ-
ing 346 patients with indeterminate nodules indicated
that both products have high specificity and can help
49% of patients with ITNs avoid diagnostic surgery [23].
In this case series, as these molecular tests mentioned
above are not yet available in China and are expensive,
the department of pathology detected the most com-
mon cancer-associated somatic mutations (BRAF, HRAS,
NRAS, KRAS, and TERT) in 115 of 265 specimens from
ITNs. These 5 molecular alterations are frequently rep-
resented in malignant thyroid nodules, especially BRAE
Twenty-two of 24 ITNs carrying the BRAFY*F mutation
were diagnosed as papillary thyroid cancer. As reported
in the literature, BRAF mutations have high specific-
ity, and RAS mutations have more limits for relatively
low specificity [47-51]. Our findings also showed that
almost all detected mutations were BRAF mutations,
but future studies will be needed to verify the presence
of these mutations in a larger sample size. Our data
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showed that molecular detection might be beneficial to
thyroid nodules because evaluations of the genetic altera-
tions of Bethesda III and Bethesda IV samples improved
the specificity of a cancer diagnosis to 90.0%. Consider-
ing the possibility of false negatives in molecular tests, 13
patients with no molecular alterations underwent repeat
FNAB during follow-up according to the suspected ultra-
sound characteristics and patients’ wishes, and the sec-
ond biopsies were performed at least 1 month after the
first ones (Additional Table 7). Our research also indi-
cated that repeat aspiration is related to improved speci-
ficity in the diagnosis of ITNs with high-risk features.

A possible strength of our study is that we integrated
the results of three of the most frequently used tests for
ITNs into a surgical decision-oriented tool. Consider-
ing the Afirma Gene Expression Classifier and ThyroSeq
genomic classifier are not yet available in China and are
expensive, 5 of the most common cancer-associated
somatic mutations (BRAFE HRAS, NRAS, KRAS and
TERT) were offered in our hospital. Because the results
of molecular testing could be false negatives, some
patients underwent repeated biopsies during follow-up.
We developed the risk assessment process based on the
principle of minimizing costs and minimizing damage.
The evaluation tool starts with blood test results (CEA
and calcitonin), followed by molecular tests, and finally
repeat FNAB results. Our study finally retrospectively
collected 87 ITNs and the assessment method was vali-
dated on more than 10 kinds of histopathological types.
All the ITNs were highly suspected of malignancy on
ultrasound scans and cytologically diagnosed as Bethesda
III or Bethesda IV or Bethesda V based on TBSRTC. By
using the risk evaluation tool, we could accurately iden-
tify the patients with high-risk ITNs that might benefit
from surgical treatment. The results showed that the
specificity was 90.0% for Bethesda III lesions and 100%
for Bethesda IV lesions, indicating that malignant ITNs
with these cytologic findings can be correctly distin-
guished from benign ITNs. In addition, 73 out of 87 his-
tological malignant ITNs were correctly distinguished,
showing that the integrated assessment tool can help to
improve the accuracy of the preoperative diagnosis of
ITNs. To be more specific, 58 (84.1%) malignant nodules
will be missed without using the risk tool, and 15 (83.3%)
benign nodules will be submitted to surgery [52, 53]. We
compared the diagnostic performance of our risk assess-
ment with different tests (Additional Table 10). It showed
that this integrated tool was not inferior to expensive
multigene products. The risk assessment is a beneficial
and cost-effective method for clarifying the malignant or
benign nature of ITNS, taking into account the side effect
of extensive surgery in patients with metastatic thyroid
cancer and the cost of active surveillance [52-57].
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However, the lack of some equivalent risk considera-
tion is a weakness of this integrated assessment. Given
that germline mutation plays an important role in the
evaluation of thyroid nodules and is detected on periph-
eral blood samples, it could be added in the subsequent
evaluation, especially for patients with a family history
[58, 59]. Besides, NPV and PPV depend on the preva-
lence rate of disease in the population, and our research
showed that the prevalence rate of cancer in ITNs was as
high as 70.1% in our 87 samples. For ITNs classified as
Bethesda III or IV or V, the risk of malignancy was 78.1%,
51.5%, and 93.8%, respectively. One factor for the high
prevalence rate of malignancy is that patients who chose
surgery had malignant signs of malignancy and surgeons
recommended surgery based on their experience. Of the
265 nodules initially collected, 127 did not choose imme-
diate surgery. Twenty out of 104 nodules that had histo-
logical results carried at least one of the most common
cancer-associated molecular alterations and 21 patients
undergone repeat FNAB. Another explanation is that
the rate of malignancy of ITNs in China may be under-
estimated. A study that recruited 140 samples in China
showed that the malignant rate was 74.1% for resected
ITNs [60]. Another multicenter study in Israel included
810 patients and indicated that the malignancy rates were
higher than those reported earlier. The authors suggested
that doctors should use validated data for their own
country in addition to published values [61].

It should be observed that the NPV is not very high,
and it is the most meaningful value to avoid surgery in
patients with negative results. Although the risk-assess-
ment tool could prevent 15 out of 18 unnecessary surger-
ies, it also incorrectly stopped 11 out of 69 surgeries of
malignant nodules. Given that 7 false-negative nodules
in this study were histologically diagnosed as papillary
thyroid microcarcinoma and 3 were noninvasive follicu-
lar thyroid neoplasm with papillary-like nuclear features,
we recommend that active surveillance can be adopted
as a treatment option for the low-risk ITNs as there are
characteristic features of indolence of these subtypes,
and either tumor enlargement or the novel appearance
of nodal or distant metastasis is the indication for sur-
gery. Besides, multiple studies have shown that delayed
surgery is safe [62—64]. It is important to note that NPV
changes accordantly with the risk of malignancy in differ-
ent Bethesda classifications, which indicates that the risk
assessment is more critical for ITNs with lower risk of
malignancy. Moreover, the three nodules with false-posi-
tive results cannot be ignored. As one was a Bethesda III
nodule with a BRAFY*°F mutation detected, the two oth-
ers were Bethesda V nodules, and all of the nodules were
less than 0.5 cm, we believe that it is possible that postop-
erative histological pathology missed the neoplastic foci.
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It is worth mentioning that the small sample size and
single-center nature of this research limit the generaliz-
ability of the results; therefore, more prospective studies
are needed to verify the efficacy of this risk assessment
method.

It is also worth noting that one limitation of this study
is the small sample size. In our study, 265 ITNs were
included in the beginning, but the risk assessment was
done on only 87 samples, of which only 47 (54%) under-
went genetic testing. This finding suggests that this risk
assessment tool needs to be evaluated prospectively in
larger sample populations in future studies.

Conclusions

This study proposed a risk assessment tool by integrat-
ing serum CEA and calcitonin measurements, molecular
testing, and repeat aspiration that seemed to provide a
useful evaluation method to help surgical decision-mak-
ing for patients with ITNs. This risk assessment can bring
benefits to surgeons and patients when considering sur-
gical treatment, and we hope that this study will provide
supporting information for clinical recommendations
and give surgeons more confidence in making decisions
for their patients.

Abbreviations

TI-RADS  Thyroid Imaging Reporting and Data System

FNAB Fine-needle aspiration biopsy

TBSRTC  The Bethesda System for Reporting Thyroid Cytopathology

AUS/FLUS  Atypia of undetermined significance or follicular lesion of undeter-
mined significance

FN/SFN Follicular neoplasm or suspicious for a follicular neoplasm

SUSP Suspicious for malignancy

ITNs Indeterminate thyroid nodule

CEA Carcinoembryonic antigen

NIFTP Noninvasive follicular thyroid neoplasm with papillary-like nuclear
features

PPV Positive predictive value

NPV Negative predictive value

AUC Area under the receiver operating characteristic curve

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512957-023-02917-x.

Additional file 1: Table S1. Baseline demographic and clinical character-
istics of patients with indeterminate thyroid nodules. Table S2. Baseline
demographic and clinical characteristics of indeterminate thyroid nodules
with histology (N=138). Table S3. Histology and molecular alterations

of indeterminate thyroid nodules (N=138). Table S4. Histology and
molecular alterations of Atypia (or Follicular Lesions) of Undetermined
Significance Thyroid Nodules (N=73). Table S5. Histology and molecular
alterations of Follicular Neoplasms or Lesions Suspicious for Follicular
Neoplasm Thyroid Nodules (N=33). Table S6. Histology and molecular
alterations of Suspicious of Malignancy Thyroid Nodules (N=32). Table S7.
Repetitive and final histological diagnosis of [TNs included in the risk
assessment (N=20). Table S8. Cytologic findings and histopathological
diagnosis in 3 patients with false-positive results. Table S9. Histology of



https://doi.org/10.1186/s12957-023-02917-x
https://doi.org/10.1186/s12957-023-02917-x

Guan et al. World Journal of Surgical Oncology (2023) 21:34

indeterminate thyroid nodules excluded for the risk assessment (N=51).
Table S10. Performance of different risk assessment tools for cytologi-
cally indeterminate thyroid nodules. Table S11. Molecular alterations and
histologic diagnosis of ITNs included in the risk assessment (N=47).

Acknowledgements
Not applicable.

Authors’ contributions

Xuhuizi Guan and Tian Yu contributed to the design of the study, data collec-
tion and analysis, and writing of the manuscript; Zheng Zhang, Lan Chen, An
Yan, Yao Li, Jiankun Li, Dongdong Wang, Jie Sun and Feiliang Wang partici-
pated in data collection and manuscript writing; and Gang Miao designed the
content of the manuscript, directed, and revised the writing. All authors read
and approved the final manuscript.

Funding
This study was supported by grants from National High Level Hospital Clinical
Research Funding No. BJ-2020-169 (to Gang Miao).

Availability of data and materials

The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request. The datasets supporting the
conclusions of this article are included within the article (and its additional
files).

Declarations

Ethics approval and consent to participate

This study was approved by the Research Ethics Board of the Beijing Hospital,
National Health Commission and performed in accordance with the Declara-
tion of Helsinki (IRB number in Ethical approval: 2021BJYYEC-044-03). All
participants provided written informed consent before participation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 October 2022 Accepted: 30 January 2023
Published online: 03 February 2023

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer
JClin. 2022;72(1):7-33.

2. Tessler FN, Middleton WD, Grant EG. Thyroid imaging reporting and data
system (TI-RADS): a user’s guide. Radiology. 2018;287(1):29-36.

3. Trimboli P Deandrea M, Mormile A, Ceriani L, Garino F, Limone PP, et al.
American thyroid association ultrasound system for the initial assessment
of thyroid nodules: use in stratifying the risk of malignancy of indetermi-
nate lesions. Head Neck. 2018;40(4):722-7.

4. Valderrabano P, McGettigan MJ, Lam CA, Khazai L, Thompson ZJ, Chung
CH, et al. Thyroid nodules with indeterminate cytology: utility of the
American Thyroid Association sonographic patterns for cancer risk stratifi-
cation. Thyroid. 2018;28(8):1004-12.

5. Cibas ES, Ali SZ.The 2017 Bethesda system for reporting thyroid cytopa-
thology. Thyroid. 2017;27(11):1341-6.

6. Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli L, Baloch ZW.The
Bethesda system for reporting thyroid cytopathology: a meta-analysis.
Acta Cytol. 2012;56(4):333-9.

7. Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegedus L, et al. Ameri-
can association of clinical endocrinologists, associazione medici endo-
crinologi, and European thyroid association medical guidelines for clinical

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 8 of 9

practice for the diagnosis and management of thyroid nodules: executive
summary of recommendations. Endocr Pract. 2010;16(3):468-75.
Valderrabano P, Khazai L, Thompson ZJ, Sharpe SC, Tarasova VD, Otto KJ,
et al. Cancer risk associated with nuclear atypia in cytologically indeter-
minate thyroid nodules: a systematic review and meta-analysis. Thyroid.
2018;28(2):210-9.

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. 2016;26(1):1-133.

Wong R, Farrell SG, Grossmann M. Thyroid nodules: diagnosis and man-
agement. Med J Aust. 2018;209(2):92-8.

. Durante C, Grani G, Lamartina L, Filetti S, Mandel SJ, Cooper DS. The

diagnosis and management of thyroid nodules: a review. JAMA.
2018;319(9):914-24.

Witt RL. Targeted Next generation sequencing with ThyroSeq v2.1

for indeterminate thyroid nodules in clinical practice. Del Med J.
2016;88(12):366-72.

Cibas ES, Ali SZ.The Bethesda system for reporting thyroid cytopathol-
ogy. Thyroid. 2009;19(11):1159-65.

Wang TS, Sosa JA. Thyroid surgery for differentiated thyroid can-

cer - recent advances and future directions. Nat Rev Endocrinol.
2018;14(11):670-83.

Kotecka-Blicharz A, Pfeifer A, Czarniecka A, Oczko-Wojciechowska M,
Nozynska E, Chmielik E, et al. Thyroid nodules with indeterminate cyto-
pathology: a constant challenge in everyday practice. The effectiveness
of clinical decisions using diagnostic tools available in Poland. Pol. Arch
Intern Med. 2021;131(12):16117.

Verbeek HH, de Groot JWB, Sluiter WJ, Muller Kobold AC, van den Heuvel
ER, Plukker JT, et al. Calcitonin testing for detection of medullary thyroid
cancer in people with thyroid nodules. Cochrane Database Syst Rev.
2020;3:CD010159.

Cabanillas ME, McFadden DG, Durante C. Thyroid cancer. Lancet.
2016;388(10061):2783-95.

Soh SB, Aw TC. Laboratory testing in thyroid conditions - pitfalls and clini-
cal utility. Ann Lab Med. 2019;39(1):3-14.

Niederle MB, Scheuba C, Riss P, Selberherr A, Koperek O, Niederle B. Early
diagnosis of medullary thyroid cancer: are calcitonin stimulation tests still
indicated in the era of highly sensitive calcitonin immunoassays? Thyroid.
2020;30(7):974-84.

Al-Qurayshi Z, Kandil E, Randolph GW. Cost-effectiveness of routine
calcitonin screening and fine-needle aspiration biopsy in preoperative
diagnosis of medullary thyroid Cancer in the United States. Oral Oncol.
2020;110:104878.

Castinetti F, Taieb D. Positron emission tomography imaging in medullary
thyroid carcinoma: time for reappraisal? Thyroid. 2021;31(2):151-5.

Kuo EJ, Sho S, Li N, Zanocco KA, Yeh MW, Livhits MJ. Risk factors associ-
ated with reoperation and disease-specific mortality in patients with
medullary thyroid carcinoma. JAMA Surg. 2018;153(1):52-9.

Livhits MJ, Zhu CY, Kuo EJ, Nguyen DT, Kim J, Tseng C-H, et al. Effective-
ness of molecular testing techniques for diagnosis of indeterminate
thyroid nodules: a randomized clinical trial. JAMA Oncol. 2021;7(1):70-7.
Patel KN, Angell TE, Babiarz J, Barth NM, Blevins T, Duh Q-Y, et al.
Performance of a genomic sequencing classifier for the preoperative
diagnosis of cytologically indeterminate thyroid nodules. JAMA Surg.
2018;153(9):817-24.

Alexander EK, Kennedy GC, Baloch ZW, Cibas ES, Chudova D, Diggans J,
et al. Preoperative diagnosis of benign thyroid nodules with indetermi-
nate cytology. N Engl J Med. 2012;367(8):705-15.

Censi S, Cavedon E, Bertazza L, Galuppini F, Watutantrige-Fernando S, De
Lazzari P, et al. Frequency and significance of promoter, and mutations in
cytologically indeterminate thyroid nodules: a monocentric case series at a
tertiary-level endocrinology unit. Front Endocrinol (Lausanne). 2017,8:273.
Bardet S, Goardon N, Lequesne J, Vaur D, Ciappuccini R, Leconte A, et al.
Diagnostic and prognostic value of a 7-panel mutation testing in thyroid
nodules with indeterminate cytology: the SWEETMAC study. Endocrine.
2021,71(2):407-17.

Muzza M, Colombo C, Pogliaghi G, Karapanou O, Fugazzola L. Molecular
markers for the classification of cytologically indeterminate thyroid
nodules. J Endocrinol Investig. 2020;43(6):703-16.



Guan et al. World Journal of Surgical Oncology

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

(2023) 21:34

Allen L, Al Afif A, Rigby MH, Bullock MJ, Trites J, Taylor SM, et al. The role
of repeat fine needle aspiration in managing indeterminate thyroid
nodules. J Otolaryngol Head Neck Surg. 2019;48(1):16.

Jooya A, Saliba J, Blackburn A, Tamilia M, Hier MP, Mlynarek A, et al. The
role of repeat fine needle aspiration in the management of indetermi-
nate thyroid nodules. J Otolaryngol Head Neck Surg. 2016;45(1):51.
Valerio E, Pastorello RG, Calsavara V, Porfirio MM, Engelman GG, Francisco
Dalcin J, et al. Should we wait 3 months for a repeat aspiration in non-
diagnostic/indeterminate thyroid nodules? A cancer centre experience.
Cytopathology. 2020;31(6):525-32.

Scappaticcio L, Trimboli P, lorio S, Maiorino MI, Longo M, Croce L, et al.
Repeat thyroid FNAC: Inter-observer agreement among high- and low-
volume centers in Naples metropolitan area and correlation with the
EU-TIRADS. Front Endocrinol (Lausanne). 2022;13:1001728.

Altman DG, Bland JM. Diagnostic tests 2: predictive values. BMJ (Clinical
Research ed). 1994,309(6947):102.

Bartz-Kurycki MA, Oluwo OE, Morris-Wiseman LF. Medullary thyroid carci-
noma: recent advances in identification, treatment, and prognosis. Ther
Adv Endocrinol Metab. 2021;12:20420188211049611.

Ceolin L, Duval MAS, Benini AF, Ferreira CV, Maia AL. Medullary thyroid
carcinoma beyond surgery: advances, challenges, and perspectives.
Endocr Relat Cancer. 2019;26(9):R499-518.

Wu H, Zhang B, Cai G, Li J, Gu X. American College of radiology thyroid
imaging report and data system combined with K-RAS mutation
improves the management of cytologically indeterminate thyroid nod-
ules. PLoS One. 2019;14(7):e0219383.

Walsh PS, Wilde JI, Tom EY, Reynolds JD, Chen DC, Chudova DI, et al.
Analytical performance verification of a molecular diagnostic for
cytology-indeterminate thyroid nodules. J Clin Endocrinol Metab.
2012,97(12):E2297-306.

Hao Y, ChoiY, Babiarz JE, Kloos RT, Kennedy GC, Huang J, et al. Analytical
verification performance of afirma genomic sequencing classifier in the
diagnosis of cytologically indeterminate thyroid nodules. Front Endo-
crinol (Lausanne). 2019;10:438.

Rossi ED, Larocca LM, Pantanowitz L. Ancillary molecular testing of inde-

terminate thyroid nodules. Cancer Cytopathol. 2018;126(Suppl 8):654-71.

Bongiovanni M, Bellevicine C, Troncone G, Sykiotis GP. Approach to
cytological indeterminate thyroid nodules. Gland Surg. 2019;8(Suppl
2):598-5104.

Mehta S, Kannan S. Approaching indeterminate thyroid nodules in the
absence of molecular markers: “The BETH-TR Score”. Indian J Endocrinol
Metab. 2020;24(2):170-5.

Al-Qurayshi Z, Deniwar A, Thethi T, Mallik T, Srivastav S, Murad F, et al.
Association of malignancy prevalence with test properties and perfor-

mance of the gene expression classifier in indeterminate thyroid nodules.

JAMA Otolaryngol Head Neck Surg. 2017;143(4):403-8.

Wiseman SM. A benign genomic classifier for thyroid nodules with inde-
terminate cytology: a critical appraisal. Gland Surg. 2012;1(2):87-8.
Agretti P, Niccolai F, Rago T, De Marco G, Molinaro A, Scutari M, et al. BRAF
mutation analysis in thyroid nodules with indeterminate cytology: our
experience on surgical management of patients with thyroid nodules
from an area of borderline iodine deficiency. J Endocrinol Investig.
2014;37(10):1009-14.

Pongsapich W, Chongkolwatana C, Poungvarin N, Amornpichetkul K,
Piyawattayakorn N, Vejvisithsakul P, et al. BRAF mutation in cytologically
indeterminate thyroid nodules: after reclassification of a variant thyroid
carcinoma. Onco Targets Ther. 2019;12:1465-73.

Polavarapu P, Fingeret A, Yuil-Valdes A, Olson D, Patel A, Shivaswamy V,

et al. Comparison of Afirma GEC and GSC to nodules without molecular
testing in cytologically indeterminate thyroid nodules. J Endocr Soc.
2021;5(11):bvab148.

Trimboli P, Scappaticcio L, Treglia G, Guidobaldi L, Bongiovanni M,
Giovanella L. Testing for BRAF (V600E) mutation in thyroid nodules with
fine-needle aspiration (FNA) read as suspicious for malignancy (Bethesda
V, Thy4, TIR4): a systematic review and meta-analysis. Endocr Pathol.
2020;31(1):57-66.

Agarwal S, Bychkov A, Jung C-K. Emerging biomarkers in thyroid practice
and research. Cancers (Basel). 2021;14(1):204.

Boucai L, SeshanV, Williams M, Knauf JA, Sagcena M, Ghossein RA, et al.
Characterization of subtypes of BRAF-mutant papillary thyroid cancer

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 9 of 9

defined by their thyroid differentiation score. J Clin Endocrinol Metab.
2022;107(4):1030-9.

Baloch ZW, Asa SL, Barletta JA, Ghossein RA, Juhlin CC, Jung CK; et al.
Overview of the 2022 WHO classification of thyroid neoplasms. Endocr
Pathol. 2022;33(1):27-63.

Ravella L, Lopez J, Descotes F, Giai J, Lapras V, Denier ML, et al. Preopera-
tive role of RAS or BRAF K601E in the guidance of surgery for indetermi-
nate thyroid nodules. World J Surg. 2020;44(7):2264-71.

Schlumberger M, Leboulleux S. Current practice in patients with differen-
tiated thyroid cancer. Nat Rev Endocrinol. 2021;17(3):176-88.

Lamartina L, Grani G, Durante C, Borget |, Filetti S, Schlumberger M.
Follow-up of differentiated thyroid cancer - what should (and what
should not) be done. Nat Rev Endocrinol. 2018;14(9):538-51.

Pitt SC, Saucke MC, Wendt EM, Schneider DF, Orne J, Macdonald CL, et al.
Patients'reaction to diagnosis with thyroid cancer or an indeterminate
thyroid nodule. Thyroid. 2021;31(4):580-8.

Kim SY, Kim S-M, Chang H, Kim B-W, Lee YS, Kwon S-S, et al. Cost for treat-
ment and follow-up of thyroid cancer increases according to the severity
of disease. Head Neck. 2019;41(7):2376-9.

Cernea CR, Matos LL, Eugénio C, Ferreira GM, Cerqueira YS, Leite AKN,

et al. Active surveillance of thyroid microcarcinomas: a critical view. Curr
Oncol Rep. 2022;24(1):69-76.

Youssef MR, Attia AS, Omar M, Aboueisha M, Freeman MN, Shama M,

et al. Thyroid lobectomy as a cost-effective approach in low-risk papillary
thyroid cancer versus active surveillance. Surgery. 2022;171(1):190-6.
Gara SK, Jia L, Merino MJ, Agarwal SK, Zhang L, Cam M, et al. Germline
HABP2 mutation causing familial nonmedullary thyroid cancer. N Engl J
Med. 2015;373(5):448-55.

Moses W, Weng J, Kebebew E. Prevalence, clinicopathologic features, and
somatic genetic mutation profile in familial versus sporadic nonmedul-
lary thyroid cancer. Thyroid. 2011;21(4):367-71.

Hu C, Jing W, Chang Q, Zhang Z, Liu Z, Cao J, et al. Risk stratification of
indeterminate thyroid nodules by novel multigene testing: a study of
Asians with a high risk of malignancy. Mol Oncol. 2022;16(8):1680-93.
Madgar O, Avior G, Shochat |, Joshua BZ, Baraf L, Avidor Y, et al. Thyroid
malignancy rates according to the Bethesda reporting system in Israel - a
multicenter study. Eur J Surg Oncol. 2021;47(6):1370-5.

Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Higashiyama T, et al.
An observational trial for papillary thyroid microcarcinoma in Japanese
patients. World J Surg. 2010;34(1):28-35.

Ho AS, Kim S, Zalt C, Melany ML, Chen IE, Vasquez J, et al. Expanded
parameters in active surveillance for low-risk papillary thyroid carcinoma:
a nonrandomized controlled trial. JAMA Oncol. 2022;8(11):1588-96.
Sugitani |, Toda K, Yamada K, Yamamoto N, lkenaga M, Fujimoto Y. Three
distinctly different kinds of papillary thyroid microcarcinoma should

be recognized: our treatment strategies and outcomes. World J Surg.
2010;34(6):1222-31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Risk assessment of cytologically indeterminate thyroid nodules with integrated molecular testing and repeat biopsy: a surgical decision-oriented tool
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Serum CEA and serum calcitonin measurement
	Fine needle aspiration biopsy
	Surgical procedure and histological examination
	Statistical analysis

	Results
	Patient and nodule characteristics
	Prevalence rate of malignant tumors among ITNs
	Integrated assessment can identify high-risk ITNs

	Discussion
	Conclusions
	Acknowledgements
	References


