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Ultrasound-Based Prediction Model
for Distinguishing Malignant from
Benign Thyroid Nodules with
Peripheral Calcification
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Rationale and Objectives: The differential diagnosis of thyroid nodules with peripheral calcifications by ultrasound (US) has always
been source of confusion. This study aimed to develop and validate a predictive US-based nomogram model to differentiate malignant
from benign nodules with peripheral calcifications.

Methods: Of the 8359 thyroid nodules scanned by ultrasonography between January 2017 and January 2025, 380 nodules with
peripheral calcifications were included, with confirmed pathological results and US examinations. 268 nodules were included in the
training cohort, and 112 nodules were included in the validation cohort. The candidate variables included age, gender, and the image
features obtained from grayscale US. Independent risk factors for malignant thyroid nodules were determined by univariate and mul-
tivariate analyses, and a predictive nomogram model was developed. The performance of the US nomogram was assessed by the area
under the curve (AUC), calibration curve, and decision curve analysis (DCA) results.

Results: Univariate and multivariate logistic regression analyses revealed that the halo sign, extrusion beyond calcification, type of
peripheral calcification, margin, internal echogenicity, and composition were significant independent predictors for malignant thyroid
nodules with peripheral calcifications. The nomogram model based on the six variables exhibited excellent calibration and discrimination
in the training and validation cohorts, with AUC values of 0.904 and 0.882, respectively. The DCA showed that a probability threshold of
0.11-0.83 could benefit patients clinically.

Conclusion: The US-based nomogram model can potentially predict the malignant risk of thyroid nodules with peripheral calcifications,

thereby helping to enhance diagnostic accuracy.
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INTRODUCTION

he incidence of thyroid nodules (TNs) is increasing
substantially worldwide in recent decades, primarily
attributed to advances in diagnostic imaging. Driven
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by the widespread adoption of ultrasound (US) screening,
their detection rates have increased rapidly, with epidemio-
logical data indicating a prevalence ranging from 19% to 68%
(1). Thyroid nodules have various types of calcifications,
including peripheral calcification, microcalcification, and
coarse calcification. Peripheral calcification, a special form of
thyroid nodule calcification, is usually pathologically based
on dystrophic calcification, which has been considered a
characteristic of benign thyroid lesions (2). In recent years,
with the deepening of research, this view has been gradually
overturned. Peripheral ring or arc calcification has been re-
ported in cases of papillary, undifferentiated, or follicular
carcinomas (3—5). Although the correlation between thyroid
malignancy and peripheral calcification has been well es-
tablished, there is no unified statement about the associations
of related features of peripheral calcification with malig-
nancy. Features such as the continuity of peripheral calcifi-
cation are associated with an increased risk of thyroid
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malignancy (6,7). Kwak et al. and Yoon et al. divided per-
ipheral calcification into three types and reported no sig-
nificant differences among the three types of peripheral
calcification (8,9). Malhi et al. also reported that specific
peripheral marginal calcification features did not help dis-
tinguish benign nodules from malignant nodules (10). These
conflicting results may be due to the insufficient sample size
and incomplete analysis of ultrasound (US) features, which
can confuse clinicians in their diagnosis. To the best of our
knowledge, no previous studies have examined whether US
nomograms can more effectively distinguish benign and
malignant TNs with peripheral calcifications.

In this study, we evaluated a relatively large number of
cases of TNs and integrated US features with clinical char-
acteristics to investigate predictive factors associated with
malignant TNs with peripheral calcifications. These factors
were used to develop and validate an easy-to-use nomogram
model to improve diagnostic accuracy.

MATERIALS AND METHODS
Patients

This retrospective study was approved by our institutional
review board. Patient approval or informed consent is not
required to review medical records or images. All patients
signed an informed consent form before US-guided fine-
needle aspiration (FNA) and surgery.

From January 2017 to January 2025, a total of 8359
thyroid nodules diagnosed with calcification from con-
secutive patients were reviewed. All the data were extracted
from the electronic medical records system and ultrasound
report database and did not show any personally identifiable
information. The search keywords in the ultrasound report
database were set as “hyperechoic”/ “calcification” and
“thyroid” to include as many potentially eligible cases as
possible. The pathology of all thyroid nodules included in
this study was confirmed by cytologic results from FNA,
histopathological results from surgery, or both. One radi-
ologist (S.B), who was blinded to the final pathologic results
and the ratio of malignant to benign nodules, retrospectively
reviewed the sonographic data of the 373 patients and
identified thyroid nodules with peripheral calcifications.

The inclusion criteria were as follows: (1) complete clinical
and thyroid ultrasound imaging data; (2) the nodule was
analyzed according to surgical histology within 1 month after
examination; and (3) confirmed cytological (e.g., Bethesda
category II and VI nodules) or histopathological results were
available. The exclusion criteria were as follows: (1) in-
adequate cytologic results (e.g., Bethesda category I nodules)
and no surgical histology; (2) indeterminate cytologic results
(for Bethesda category III, IV, or V) and no surgical histology;
(3) history of therapy (radiofrequency ablation or neck ra-
diation therapy); and (4) nodules with unclear ultrasound
images. Because microcalcifications are more likely to be
malignant, when microcalcifications occur in a lesion along

with peripheral calcifications, the lesion was excluded from
the study. Finally, a total of 380 nodules from 373 patients (86
men and 287 women) were included in our study. Figurel
shows the flowchart of the patient enrollment process.

US Examinations

All US examinations were conducted using the EPIQ5/7/Elite
systems (Philips Medical Systems, Bothell, WA) with a
5-12 MHz linear transducer, LOGIQ E9/S8 systems (General
Electric Healthcare, Milwaukee, WI) with a 6-15 MHz linear
transducer, Resona 7 series systems (Mindray Biomedical
Electronics, Shenzhen, China) with a 3-9/3-11/5-14 MHz
linear transducer, Resona R9 series systems (Mindray
Biomedical Electronics, Shenzhen, China) with a 3-15 MHz
linear transducer, DC series systems (Mindray Biomedical
Electronics, Shenzhen, China) with a 3-12 MHz linear trans-
ducer, ACUSON S2000 system (Siemens, Erlangen, Germany)
with a 5-14 MHz linear transducer, Aixplorer system
(SonoScape Medical Corp., Shenzhen, China) with a 4-15/
2-10 MHZz linear transducer, and S60 Maso system (SonoScape
Medical Corp., Shenzhen, China) with a 3-12 MHz linear
transducer. Patients were examined in the supine position with
their necks exposed. Grayscale US was performed to evaluate
the position, size, and ultrasonic characteristics of the nodules.
Cross-sectional and longitudinal images of the target nodules
were recorded. All the sonograms were classified by two doc-
tors (S.B. and L.H.W.) who have more than 10 years of
working experience without knowing the pathological results,
and any disagreements were resolved through discussion with a
senior doctor (F.J.D.). US images were randomly provided to
the reviewers on the US system workstation.

Image Analysis

The selection of ultrasound features in our analysis was pri-
marily based on the American College of Radiology thyroid
imaging reporting and data system (ACR TI-RADS) cri-
teria, with vascularity not included. The following US fea-
tures were analyzed for each nodule: size (maximum
diameter, <1 cm, >1cm to <2 cm, or >2cm), shape
(longitudinal diameter/transverse diameter [L/T] ratio, <1 or
> 1), internal echogenicity (hypoechoic, isoechoic/hyper-
echoic compared to the background thyroid gland or in-
visible because of posterior acoustic attenuation), internal
calcification (none or large comet-tail, macrocalcification, or
invisible), composition (solid-cystic, solid or invisible),
margin (regular, irregular/lobulated or invisible), halo sign
(present or absent), range of peripheral calcification (circular
or arc), extrusion beyond calcifications (yes or no), calcifi-
cation continuity (interrupted or continuous) and type of
peripheral calcification.

According to the surface characteristics, peripheral calci-
fications were classified into one of the following three ca-
tegories: type I, coarse calcification (curvilinear, smooth
surface, even thickness); type II, coarse calcification (curvi-
linear, rough surface, uneven thickness); and type III,
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Thyroid nodules with calcifications and
pathological results were scanned by US
(n=8359)
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(a) Nodules without peripheral calcification
(n=7581)
(b) Nodules with both peripheral calcification

4

Further screening of pathological results
(n=591)

and microcalcification (n=140)

(¢) Unclear ultrasound images (n=15)

(d) Patients with a previous history of therapy
(radiofrequency ablation or neck radiation

werapy) (n=32)

Excluded (n=211)
No subsequent surgery was performed or the

A total of 380 nodules from 373 patients were
enrolled

l

Validation cohort
Benign (n=57)
Malignant (n=55)

Training cohort
Benign (n=149)
Malignant (n=119)

Figure 1.

stippled (small and non-linear calcification spots). The
boundary between coarse and small calcifications was 2 mm
in diameter. The nodules were also classified as arc or circular
based on the range of the calcifications around the nodule
border. Circular refers to the sum of calcification length >2/3
of the nodule margin; arc refers to the sum of calcification
length <2/3 of the nodule margin.

Statistical Analysis

For statistical descriptions, categorical variables are presented
as n (%), and continuous variables are presented as the means
with standard errors or medians with quantile values (Q1,
Q3). For continuous variables, Student’s t test was used if the
variable was normally distributed; otherwise, the
Mann—Whitney U test was used. ¥ -tests or Fisher’s exact
test were used to compare the categorical variables.
Multivariate logistic regression was performed on variables that
were statistically significant in the univariate analysis. A predictive
model was developed based on multivariate logistic regression
and presented as a nomogram. Odds ratios (ORs) with 95%
confidence intervals (Cls) and P-values were calculated. The
ability of the model to discriminate was assessed according to the
area under the curve (AUC) and goodness-of-fit of the nomo-

gram via the Hosmer—Lemeshow test. The C-index and a
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subsequent FNA results remained uncertain:
Bethesda I (n=92), Bethesda 111 (n=94),
Bethesda IV (n=4), and Bethesda V (n=21)

Flowchart of the patient enrollment process. FNA, fine-needle aspiration; US, ultrasound.

calibration curve were generated to assess the agreement of the
nomogram-predicted probability with the actual observed
probability. Decision curve analysis (DCA) was performed to
obtain the final ranges for threshold probabilities to compare the
efficacies of the nomograms. In cases of nodules with posterior
acoustic shadowing, multiple imputation was applied to the
missing data, and the table reflects the post-imputation dataset.
Before the validation dataset was evaluated, the training dataset
was internally validated through bootstrap resampling. All the
statistical significance tests were two-tailed and statistical sig-
nificance was set as P < 0.05.

Cohen’s k was used to test the agreement between radi-
ologists for the evaluation of nodules. The k coefficients
were evaluated using the following method (11): 0<k<0.4:
poor; 0.41<k<0.75: fair to good; 0.76<k < 1.0: excellent; and
k=1.0: perfect. Analyses were performed using SPSS Version
23 (IBM, Armonk, NY, USA) and R software (Ri386 4.0.3,
R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Clinicopathological Data and US Characteristics

The detailed clinicopathological data and US characteristics
of patients in the training and validation datasets are listed in
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Table 1. A total of 206 benign nodules in 202 patients and (n = 268 and n = 112, respectively). The median (Q1,
174 malignant nodules in 172 patients were randomly di- Q3) patient age was 47.00 (37.00,57.00) years for the
vided in a 7:3 ratio into training and validation datasets training cohort, and 47.00 (36.00, 54.25) years for validation

TABLE 1. Baseline Conventional Ultrasound and Clinical Data of Patients in the Training and Validation Cohorts

Variables Training Cohort (n = 268) Validation Cohort (n = 112)
Benign Malignant P-value Benign (n = 57) Malignant P-value
(n = 149) (n = 119) (n = 55)

Gender, n (%)

Female 129 (86.6) 85 (71.4) 44 (77.2) 33 (60.0)

Male 20 (13.4) 34 (28.6) 0.002 13 (22.8) 22 (40.0) 0.050

Age(years), median (Q1, Q3) 51.0 (41.0, 59.0) 45.0(34.0, 53.0) 0.002 50.0 (41.0,58.0)  44.0(35.0,51.0) 0.019
Maximum diameter(cm),

n (%)
<lcm 80 (53.7) 65 (54.6) 27 (47.4) 31 (56.4)
>1cm to <2cm 46 (30.9) 46 (38.7) 21(36.8) 21 (38.2)
>2cm 23 (15.4) 8 (6.7) 0.063 9 (15.8) 3 (5.5) 0.198

Range of peripheral
calcification, n (%)

Arc 86 (57.7) 63 (52.9) 33 (57.9) 35 (63.6)

Circular 63 (42.3) 56 (47.1) 0.434 24 (42.1) 20 (36.4) 0.534
Halo sign, n (%)

Absent 99 (66.4) 58 (48.7) 40 (70.2) 26 (47.3)

Present 50 (33.6) 61 (51.3) 0.003 17 (29.8) 29 (52.7) 0.014

Extrusion beyond
calcification, n (%)

No 142 (95.3) 87 (73.1) 54 (94.7) 44 (80.0)
Yes 7(4.7) 32 (26.9) <0.001 3 (5.3 11 (20.0) 0.018
Calcification continuity,
n (%)
Continuous 52 (34.9) 21 (17.6) 21 (36.8) 13 (23.6)
Interrupted 97 (65.1) 98 (82.4) 0.002 36 (63.2) 42 (76.4) 0.129

Type of peripheral
calcification, n (%)

Type 1 coarse calcification 88 (59.1) 10 (8.4) 36 (63.2) 6 (10.9)
(curvilinear, smooth
surface, even thickness)

Type 2 coarse calcification 54 (36.2) 59 (49.6) 17 (29.8) 28 (50.9)
(curvilinear, rough surface,
uneven thickness)

Type 3 stippled 7(4.7) 50 (42.0) <0.001 4 (7.0) 21 (38.2) <0.001
L/T ratio, n (%)

<1 143 (96.0) 102 (85.7) 56 (98.2) 49 (89.1)

>1 6 (4.0) 17 (14.3) 0.003 1(1.8) 6 (10.9) 0.045
Margin, n (%)

Regular 125 (83.9) 38 (31.9) 52(91.2) 26 (47.3)
Irregular/lobulated 24 (16.1) 81 (68.1) <0.001 5(8.8) 29 (52.7) <0.001
Internal echogenicity, n (%)

Isoechoic/Hyperechoic 76 (51.0) 10 (8.4) 31 (54.4) 5(9.1)

Hypoechoic 73 (49.0) 109 (91.6) <0.001 26 (45.6) 50 (90.9) <0.001
Composition, n (%)

Solid-cystic 52 (34.9) 5(4.2) 14 (24.6) 5(9.1)

Solid 97 (65.1) 114 (95.8) <0.001 43 (75.4) 50 (90.9) 0.029
Internal calcification, n (%)

None or large comet-tail 131 (87.9) 104 (87.4) 53 (93.0) 44 (80.0)
Macrocalcification 18 (12.1) 15 (12.6) 0.897 4 (7.0) 11 (20.0) 0.044

L/T, longitudinal diameter/transverse diameter
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cohort. Both the training and validation datasets exhibited
similar malignancy rates (44.4% and 49.1%, respectively;
P = 0.40), indicating balanced cohort characteristics.
Among the 206 benign nodules, 122 were cytologically
confirmed, 66 were histopathologically confirmed, and 18
were confirmed using both methods. Among the 174 ma-
lignant nodules, 10 were cytologically confirmed, 59 were
histopathologically confirmed, and 105 were confirmed by
both methods. All 174 malignant nodules were diagnosed as
papillary carcinoma. Of the 206 benign nodules, 65 were
diagnosed as nodular goiter, 12 as follicular adenoma, 1 as
Hashimoto’s thyroiditis, 5 as fibrotic calcification, 1 as aty-
pical hyperplasia, and 122 as cytologically benign.
Additionally, one patient was found to have both a benign
nodule and a malignant nodule. Among all nodules, 71
nodules exhibited posterior acoustic shadowing, of which

24(33.8%) were malignant and 47(66.2%) were benign.

Establishment of the Nomogram Prediction Model

The results of the univariate and multivariate logistic re-
gression analysis of the training cohort are shown in Table 2.
Due to the influence of calcified rings and acoustic shadows,
the internal echoes, internal components, internal calcifica-
tions, and margins of the 71 nodules in this study could not
be evaluated, and we performed multiple imputations for
missing values on these nodules. Univariate logistic regres-
sion was conducted with 13 variables in the training set.
Opverall, 11 predictive variables were significantly associated
with thyroid malignancy. After multivariate analysis, six
variables (halo sign, extrusion beyond calcification, type of
peripheral calcification, margin, internal echogenicity, and
composition) were found to be significant independent
predictors for thyroid malignancy (p <0.05). The Hos-
mer—Lemeshow test showed that the P value was 0.276,
indicating that the model had an increased goodness of fit.
On the basis of these independent factors, a nomogram for
predicting the malignant risk of TNs with peripheral calci-
fications was generated (Fig 2). According to the nomogram,
type III peripheral calcification was the best predictor of
thyroid malignancy, with an odds ratio (OR) of 36.70. The
halo sign had the least impact on the nomogram, with an
OR of 2.23. Each feature among the variables was assigned a
score according to the point scale. The risk probability for
malignancy for each patient was calculated by adding the
total score and locating it on the total point scale.

Performance of the Nomogram Model

The predictive properties were tested in both the training
and validation datasets. The nomogram showed excellent
predictive properties, with an AUC of 0.904, a sensitivity of
0.933, a specificity of 0.698, a PPV of 0.712, and an NPV of
0.929 for the training set (Fig 3). For the validation set, the
developed nomogram still showed good discrimination with
an AUC of 0.882, a sensitivity of 0.909, a specificity of
0.737, a PPV of 0.769, and an NPV of 0.894 (Fig 3).
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The calibration curve showed good agreement between the
predicted and observed probabilities of malignancy in the
training and validation cohorts (Fig 4a—b). The C-index values
in the training and the wvalidation cohort were
0.904 (959%CI:0.869-0.938) and 0.882 (95%CI:0.818-0.946,)
respectively, which demonstrated satisfactory accuracy for
estimating the risk of malignancy.

Clinical Usefulness

The DCA demonstrated that the nomogram exhibited an
optimal net benefit in predicting malignancy for threshold
probabilities within the range of 11%—83% (Fig 5).

Agreement Among Radiologists

Cohen’s kappa coefficient indicated a high degree of
agreement 0.76—0.89)

(Table 3).

among the radiologists (range,

Examples of the Nomogram in Use

For example, the risk of malignancy in Patient 1, who had a
nodule with type 1 calcification,
echogenicity, solid composition, and without halo sign and

regular margin, iso-

extrusion beyond calcification (Fig 6a), had a malignant risk
of 4% (Fig 6b). Pathology proved that it was benign.

Patient 2, who had a nodule with type I calcification,
regular margin, isoechogenicity, solid-cystic composition,
and without halo sign and extrusion beyond calcification
(Fig 6¢), had a malignant risk of <1% (Fig 6d). Pathology
confirmed that it was a nodular goiter with adenomatous
hyperplasia.

Patient 3, who had a nodule with type II calcification,
halo sign, regular margin, hypoechogenicity, solid compo-
sition, and without extrusion beyond calcification (Fig 6¢),
had a malignant risk of 55% (Fig 6f). Pathology confirmed
that it was a papillary thyroid carcinoma.

Patient 4, who had a nodule with type II calcification,
halo sign, extrusion beyond calcification, irregular margin,
hypoechogenicity, and solid composition (Fig 6g), had a
malignant risk of 90% (Fig 6h). Pathology confirmed that it
was a papillary thyroid carcinoma.

Patient 5, who had a nodule with type III calcification,
irregular margin, hypoechogenicity, solid composition, and
without halo sign and extrusion beyond calcification (Fig 61),
had a malignant risk of 91% (Fig 6j). Pathology confirmed
that it was a papillary thyroid carcinoma.

DISCUSSION

The association between malignant thyroid lesions and per-
ipheral calcification has been well established. Yoon et al. (8)
found that among 65 thyroid lesions with peripheral calci-
fication, 12 (18%) were malignant. Taki et al. (12) reported
that 43% of thyroid nodules with peripheral calcification
were pathologically confirmed as malignant. In our study,
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Composition, n (%)
Solid-cystic

Solid

Reference

5 (4.2 Reference

114 (95.8)

52 (34.9)
97 (65.1)

0.012

6.18 (1.50-25.40)

<0.001

12.22 (4.70-31.81)

Internal calcification, n (%)
None or large comet-tail
Macrocalcification

104 (87.4) Reference

15 (12.6)

131 (87.9)
18 (12.1)

0.897

1.05 (0.51-2.18)

Cl, confidence interval; L/T, longitudinal diameter/transverse diameter; OR, odds ratio.

the incidence of malignant thyroid nodules with peripheral
calcification was 45.8%, which was higher than that in the
previous reports, and this may be because most nodules likely
to be benign were classified as TI-RADS category 3 and
remained stable during clinical observation, thus not un-
dergoing further puncture or surgery. Consequently, the
proportion of malignancy may have been overestimated.
Nevertheless, it also reminds researchers that the diagnosis of
malignant nodules should not be ruled out on the basis of
peripheral calcification alone.

In this study, we developed an ultrasound model for dif-
ferentiating malignant from benign thyroid nodules with
peripheral calcifications. The nomogram showed favorable
discriminative value in both the training and validation co-
horts. Additionally, the model exhibited good agreement in
calibration and had the best net benefit within a reasonable
range of threshold probabilities. These results showed that
our nomogram can greatly increase the accuracy and efficacy
of predicting malignant nodules with peripheral calcifications
for clinicians.

In our study, similar to other thyroid nodules, the internal
echogenicity, internal composition, and margin contributed
to the diagnosis of malignant thyroid nodules with peripheral
calcifications. Consistent with previous studies, solid struc-
tures were significantly associated with a higher risk of ma-
lignancy in peripheral calcified nodules (13,14). Researchers
usually consider cystic lesions benign unless a solid compo-
nent is present. The pathological explanation for this finding
may be that benign calcification may occur because of the
proliferation of fibrous tissue in the thyroid gland that occurs
in benign thyroid disease during the alternating process of
hyperplasia and regression. This process affects blood flow to
thyroid follicles, resulting in thyroid hemorrhage, necrosis,
and cystic degeneration of the nodule after hematoma re-
sorption, resulting in calcification of the nodule wall or
calcification of the fibrous septal bands, which leads to the
appearance of large coarse calcifications or peripheral calci-
fications on ultrasound (15,16). In conclusion, the presence
of both cystic components and solid structures in thyroid
nodules with peripheral calcification may reduce the risk of
malignancy compared to the solid component alone. Internal
echogenicity is one of the most important indicators for as-
sessing the risk of malignancy of a nodule in thyroid ultra-
sonography. Hypoechoic and extremely hypoechoic echoes
are strongly associated with an increased risk of thyroid
malignancy, whereas isoechoic and hypoechoic nodules are
associated with a lower risk of malignancy. It is widely re-
cognized that irregular margin is also a significant predictor
of thyroid malignancy (17-19), which is consistent with our
finding. These findings are also consistent with the ACR TI-
RADS guidelines, which state that scores of peripheral cal-
cifications in combination with these characteristics are
higher than those of peripheral calcification alone (16).

In our study, no relationship between gender or age and
the risk of malignancy was observed in thyroid nodules with
peripheral calcifications. The incidence of thyroid cancer is
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Figure 2. Nomogram for estimating the risk of malignancy of thyroid nodules with peripheral calcifications. Type |, coarse calcification
(curvilinear, smooth surface, even thickness); type Il, coarse calcification (curvilinear, rough surface, uneven thickness); and type lll, stippled

(small and non-linear calcification spots).

significantly higher in females than in males, and is particu-
larly common in young women (20-23). The reason for this
discrepancy may be that these data focused on all thyroid
nodules, whereas our study focused specifically on thyroid
nodules with peripheral calcifications. According to our
findings, the size of thyroid nodules is also not an in-
dependent predictor of malignancy in peripheral calcified
nodules. Conflicting findings exist regarding the effect of size
on thyroid cancer risk. Some literature suggested that the risk
of malignancy in thyroid nodules did not significantly cor-
relate with their size, but depended more on other ultra-
sound features (14,16,24). It has also been found that the
larger the thyroid nodule is, the higher the risk of malig-
nancy. The risk of malignancy for nodules > 1 cm in dia-
meter is much higher than that for nodules <1cm in
diameter (16). In the contrast, some scholars suggested that
subcentimeter nodules with peripheral calcifications also had
a high incidence of malignancy (25). Some of these small
nodules may not fulfill TI-RADS criteria for biopsy or

follow up so distinguishing these peripherally calcified no-
dules into higher-risk lesions would be helpful.

Because microcalcifications greatly increase the risk of
malignancy in thyroid nodules, we compared only coarse
calcifications and no calcifications. Coarse calcification was
usually considered a diagnostic indicator of benign thyroid
lesions in previous studies, but in recent years, coarse calci-
fication has been reported in both benign and malignant
nodules (14-16). Kim et al. reported that 66% (116/174) of
coarsely calcified nodules were malignant (26). However, in
our study, coarse calcification did not increase the risk of
malignant nodules, probably because of the low proportion
of malignant nodules with coarse calcification in the selected
sample. On the other hand, the accuracy of coarse calcifi-
cation in the diagnosis of malignant nodules is relatively low
and is of little significance in the diagnosis of benign and
malignant nodules, which need to be differentiated by other
sonographic features. The risk of malignancy is significantly
increased in nodules with an L/T ratio > 1, with a sensitivity
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TABLE 3. Agreement Among the Radiologists

Features k

Maximum diameter 0.84
Range of peripheral calcification 0.81
Halo sign 0.76
Extrusion beyond calcification 0.81
Calcification continuity 0.78
Type of peripheral calcification 0.89
L/T ratio 0.76
Margin 0.81
Internal echogenicity 0.84
Composition 0.86
Internal calcification 0.87

0<k<0.4: poor; 0.41<k<0.75: fair to good; 0.76<k < 1.0: excellent;
k=1.0: perfect

and specificity of 60%—80% and 80%—90%, respectively (27).
However, we found that an L/T ratio > 1 did not increase
in nodules

the risk of malignancy with peripheral

calcification because peripheral calcified nodules may have
limited infiltrative growth due to the presence of peripheral
calcification.

Notably, among the 71 nodules with posterior acoustic
shadowing, 24 (33.8%) were malignant. Therefore, the di-
agnosis of such nodules should be approached with caution,
and the clinical application of these methods is somewhat
limited. Therefore, for thyroid nodules with peripheral cal-
cification, it is necessary to observe and analyze the signs
associated with the calcification ring in addition to the ul-
trasound characteristics of the nodule. Our analysis showed
that the continuity of peripheral calcification did not sig-
nificantly differentiate benign lesions from malignant lesions,
which is similar to the results of a recent study (10). The lack
of significant results may be due to the difficulty in accurately
assessing this feature. On the other hand, a study that in-
cluded 19 benign and 45 malignant nodules (6) reported that
interruption and thickening of peripheral calcification and
reduced internal echogenicity of thyroid nodules were
considered as risk factors for malignancy in nodules with
peripheral calcification. Kim et al. analyzed 93 nodules with
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Figure 6. Examples of the clinical application of the US nomogram. (a) An image was obtained from a 63-year-old woman with a nodule of
type | calcification in the left thyroid. (b) The nomogram resulted in a total score of 52 points for solid composition (52 points). The corre-
sponding risk of malignancy was 0.04, and the pathological result of the nodule was benign by FNA. (c) An image was obtained from a 36-
year-old woman with a nodule of type | calcification in the left thyroid. (d) The nomogram resulted in a total score of 0 points. The corre-
sponding risk of malignancy was <0.01, and the pathological result of the nodule was nodular goiter with adenomatous hyperplasia by
surgery. (e) An image was obtained from a 45-year-old woman with a nodule of type Il calcification in the right thyroid. The red arrow in the
figure indicates the halo sign. (f) The nomogram resulted in a total score of 149 points for the halo sign (24 points), hypoechoic echogenicity
(382 points), solid composition (52 points), and type Il calcification (41 points). The corresponding risk of malignancy was 0.55 and the
pathological result of the nodule was papillary carcinoma by surgery and FNA. (g) An image was obtained from a 68-year-old woman with a
nodule of type Il calcification in the right thyroid. The red arrow in the figure indicates the halo sign and the yellow arrow indicates the
extrusion beyond calcification. (h) The nomogram resulted in a total score of 212 points for the halo sign (24 points), extrusion beyond
calcification (37 points), hypoechoic echogenicity (32 points), solid composition (52 points), irregular margin (26 points), and type Il calci-
fication (41 points). The corresponding risk of malignancy was 0.91, and the pathological result of the nodule was papillary carcinoma by
surgery and FNA. (i) An image was obtained from a 22-year-old man with a nodule of type lll calcification in the left thyroid. (j) The nomogram
resulted in a total score of 210 points for hypoechoic echogenicity (32 points), solid composition (52 points), irregular margin (26 points), and
type Il calcification (100 points). The corresponding risk of malignancy was 0.90, and the pathological result of the nodule was papillary

carcinoma by FNA. FNA, fine-needle aspiration; US, ultrasound. (Color version of figure is available online.)

eggshell calcification and reported that the halo and disrup-
tion of eggshell-like calcification may be more useful than
the hypoechoic, lobular margins, and high-width types (7).
In our study, we found that a significant proportion (64.6%)
of benign cases showed disruption of continuity, thus, we
believe that the feature of continuity as a predictor of ma-
lignant nodules with peripheral calcification is not reliable. In
contrast, we found extrusion beyond calcification was more
likely to be an independent predictor than continuity. By
examining the location of the peri-calcified tissue in relation
to the nodule, we found that calcified rings in benign no-
dules were more often located at the margins of the nodule,
whereas calcified rings located inside the nodule were more
often seen in malignant nodules. Another point is that no-
dules exhibiting the feature of extrusion beyond the calcifi-
cation ring are also frequently associated with irregular
margins, which aligns with our findings mentioned pre-
viously. In addition, we found that the proportion of per-
ipheral calcifications with halo signs around malignant
thyroid nodules was significantly different from that around
benign nodules, which is consistent with Kim's findings (7).
Additionally, we found that the range of peripheral calcifi-
cation was of no value in distinguishing benign nodules from
malignant nodules, which is in agreement with the findings
of Yoon (8).

In this study, the calcified rings were categorized into
three types, with the most common type being type II
(41.6%), followed by type I (36.8%) and type III (21.6%). 16
of the 140 type I lesions (11.4%) were malignant, 87 of the
158 type II lesions (55.1%), and 71 of the 82 type III lesions
(86.6%) were malignant. Type 1 calcifications were more
likely to occur in benign nodules, and type II and type III
calcifications were more likely to occur in malignant no-
dules, with risk ratios of 4.4 and 36.7, respectively. We found
that type II calcifications were more likely to be malignant
than type I calcifications, suggesting that the increased
thickness of the calcified ring indicates the likelihood of
thyroid cancer, which may be due to the rapid deposition of

the substances mentioned previously during the formation of
malignant nodules. Given the biological characteristics of
invasive growth, tumors may further penetrate and extrude
the calcification ring. Additionally, the destruction of sur-
rounding normal tissues by malignant nodules leads to the
formation of hypoechoic halos, which is consistent with our
findings mentioned previously. Therefore, Type II calcifi-
cations are more likely than Type I calcifications to exhibit
features such as hypoechoic halos and extrusion beyond the
calcification ring, thereby increasing the risk of malignancy.
The relationship between calcification type and the malig-
nancy of peripheral calcified nodules has also been studied,
but the number of cases was relatively small. Kwak analyzed
21 cases of thyroid nodules with peripheral calcification and
classified the nodules into peripheral nodular calcification,
peripheral smooth-edge calcification, and peripheral irre-
gular-edge calcification (13). 18 of the 21 nodules were
confirmed to be papillary carcinomas, and there were no
significant differences among the three types of calcifications.
Yoon (8) retrospectively analyzed the ultrasonographic fea-
tures of 65 pathologically confirmed peripheral calcifications
of thyroid nodules, classified them into three types, and re-
ported that there was no significant difference in the type of
calcification between benign and malignant nodules.

It is worth mentioning that calcification type was the
largest contributor to the scores in the nomogram and sig-
nificantly enhanced model discrimination. Therefore, in our
clinical practice, Type II and III calcified nodules warrant
heightened vigilance. It is recommended to conduct com-
prehensive evaluations by integrating other US features (such
as hypoechogenicity and solid components). Although Type
I calcifications are predominantly benign, it remains essential
to rule out other high-risk US features (e.g., irregular mar-
gins). In view of the clinical value of peripheral calcification
typing, we believe that more studies are needed for in-depth
exploration in the future: first, the biological mechanisms
behind calcification typing need to be verified, such as
whether the thickening of the calcification ring is correlated
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with tumor angiogenesis; second, the current typing criteria
need to be verified for their generalizability by multicenter
studies. In addition, the predictive efficacy of the typing
system can be further optimized by combining with mole-
cular markers (e.g., BRAF mutation), so as to provide a more
accurate biological basis for clinical decision-making.

This study has several limitations. First, this is a retro-
spective study, and potential selection bias is inevitable.
Second, patients were enrolled from a single center, and a
future multicenter study with a larger patient volume is
needed. Finally, we performed only internal validation and
not external validation to further evaluate the performance of
the model.

CONCLUSION

In conclusion, the diagnosis of TNs with peripheral calcifi-
cation is relatively challenging among all thyroid nodules and
deserves sufficient clinical attention. We constructed a pre-
diction model, including halo sign, extrusion beyond calci-
fication, type of peripheral calcification, margin, internal
echogenicity, and composition to differentiate malignant
from benign thyroid nodules with peripheral calcifications.
This model demonstrates strong discriminative ability, sug-
gesting that it may be useful in identifying patients at high
risk of malignancy, thereby guiding the need for more ag-
gressive diagnostic procedures. Consequently, the nomo-
gram could play a role in establishing future treatment
recommendations for these patients.
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