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Abstract

Objectives
Struma ovarii (SO) often presents as a multilocular-solid adnexal mass with abundant vascularity, easily
misdiagnosed as an epithelial malignancy and leading to inappropriate surgical management. This study
aimed to develop and validate a preoperative nomogram to differentiate O-RADS US 4/5 struma ovarii
(SO) from early-stage high-grade serous carcinoma (HGSC) and to identify characteristic ultrasound
signs of SO, enhancing diagnostic accuracy and clinical applicability.

Methods
This retrospective cohort study enrolled 93 SO lesions from 92 patients and 87 early-stage HGSC lesions
from 79 patients at Peking Union Medical College Hospital between January 2017 and December 2025.
Lesions were randomly divided into training and validation sets (7:3). Independent predictors were
identified using univariate and multivariate logistic regression. An individualized risk prediction
nomogram was then developed, along with a dynamic nomogram constructed using the "DynNom" and
"shiny" packages in R. Model performance was evaluated using the area under the receiver operating
characteristic curve, calibration curves, and decision curve analysis.

Results
Among SO cases, 65 (70.7%) were asymptomatic, 23 (25.0%) had elevated CA125 (> 35 U/mL). Ascites
was present in 7 patients (7.6%). 80 lesions (86.0%) were classified as O-RADS 5, and 25 (26.9%)
misdiagnosed as malignant. Most SO were pure lesions with low malignant transformation and no
metastasis. 9 premenopausal patients (17.3%) underwent radical surgery, suggesting overtreatment.
Multivariate logistic regression identified CA125, heterogeneous cyst fluid, comet-tail artifact,
morphological pattern of the solid component, and echogenicity of the solid component as independent
preoperative predictors. The clinical-ultrasound nomogram demonstrated excellent predictive
performance, with an AUC of 0.971 (95% CI: 0.95–0.99) in the training set and 0.939 (95% CI: 0.88–0.99)
in the validation set. Calibration curves indicated strong agreement between predicted and observed
probabilities, and decision-curve analysis confirmed its clinical utility. Three typical ultrasound signs of
SO—ovary-like sign, palette sign, and Cheerios sign—were summarized, and the interpretation of the
“pearl sign” was refined.

Conclusion
The static and dynamic nomograms and ultrasound signs enable accurate preoperative differentiation of
O-RADS US 4/5 SO from HGSC, which provide an innovative and reproducible framework for precise
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preoperative decision-making.

1. Background
Struma ovarii (SO) is a rare, highly differentiated monodermal teratoma defined by thyroid tissue
comprising more than 50% of the tumor [1, 2], accounting for 2–3% of teratomas and 0.5-1% of ovarian
tumors [3–5]. Although malignant transformation occurs in 5–10% of cases, prognosis is generally
favorable in both benign and nonmetastatic cases [6–8]. Clinical presentation is often nonspecific,
asymptomatic patients may be incidentally identified during routine physical examinations or imaging
screenings, which substantially increases the difficulty of preoperative diagnosis [9]. Due to its rarity,
existing evidence primarily comes from case reports and small retrospective series, and standardized
diagnostic and management guidelines are still lacking [10, 11].

Accurate preoperative diagnosis is crucial for appropriate management plans. Ultrasound (US) is the
first-line imaging modality for adnexal masses. The Ovarian-Adnexal Reporting and Data System (O-
RADS) US offers a standardized assessment framework for clinical practice [12]. However, SO often
presents as a multilocular-solid mass with moderate to abundant blood flow signals on ultrasound,,
classified as O-RADS 4/5 [13, 14]. magnetic resonance imaging (MRI) may show lobulated cystic-solid
lesions with a "stained-glass" appearance. High signal intensity on T1-weighted images or punctate low-
signal foci on T2-weighted images may also be observed [15, 16]. Additionally, high-risk time-intensity
curve patterns without diffusion restriction [17, 18] lead to O-RADS MRI 5 [17, 18]. These features
overestimate malignancy risk and lack reliable discriminatory value [11].

Approximately 90% of ovarian cancers are epithelial malignancies, 70% -80% of which are high-grade
serous ovarian cancers (HGSC), the most common and aggressive subtype [19]. Early-stage (FIGO I-II)
HGSC often appears as O-RADS US 4/-5 complex cystic-solid mass with abundant blood flow. Thus,
HGSC was chosen as the primary comparator for SO due to its high incidence, making their
differentiation clinically critical. More importantly, preoperative differentiation directly guides surgical
strategy and patient benefit. Early-stage HGSC requires standardized staging surgery and systemic
treatment [19, 20], whereas SO can generally be managed conservatively [21, 22].

Currently, no imaging-based prediction model specifically exists to preoperatively differentiate SO from
early-stage ovarian cancer, and O-RADS US is insufficient. To fill this gap, we retrospectively analyzed O-
RADS 4/5 SO lesions and FIGO stage I-II HGSC to develop and validate an individualized preoperative risk
prediction nomogram and an interactive dynamic nomogram. We also propose three characteristic
ultrasound signs for SO, which may serve as valuable imaging clues for differentiating SO from
malignant ovarian cancers. This study has the potential to enhance the accuracy of preoperative risk
stratification and provide a more reliable basis for surgical planning and clinical decision-making.

2. Methods
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2.1 Patients
This retrospective study included patients with gynecologic surgery for ovarian masses at Peking Union
Medical College Hospital between January 2017 and December 2025. Inclusion criteria were: (1)
complete preoperative clinical data and evaluable ultrasound images; (2) O-RADS US 4/5 cystic-solid
lesions pathologically confirmed as SO or FIGO stage I-II HGSC postoperatively. Exclusion criteria were:
(1) preoperative treatment for ovarian tumors; (2) O-RADS US 1–3 lesions; and (3) incomplete clinical
data or non-evaluable ultrasound images. After screening, 93 SO lesions from 92 patients and 87 early
stage HGSC lesions from 79 patients were included. This retrospective study followed the Declaration of
Helsinki and received approval from the Institutional Review Board of our hospital (IRB No. I-24PJ0809).

2.2 Clinical variables
Given their availability in routine practice and predictive value, key variables were from the electronic
medical record system, including: (1) age; (2) family history (yes/no), breast/ovarian/gynecologic
malignancies in first/second-degree relatives; (3) symptoms (yes/no), abdominal pain, distension,
irregular vaginal bleeding, or palpable abdominal mass; and (4) CA125 > 35 U/mL (yes/no). All data were
collated using standardized collection templates and independently verified by two investigators.
Comorbidities and surgical approach were additionally recorded.

2.3 Ultrasound Examinations and Feature
Preoperative ultrasound examinations were performed by certified radiologists using standardized
equipment including GE Voluson E10 (GE Healthcare, USA), Philips EPIQ 7 (Philips Healthcare, the
Netherlands), and Philips iU22, with transabdominal (2.5-5.0 MHz) and transvaginal (5.0–9.0 MHz)
probes. Each lesion was assessed in multiple planes, and at least two orthogonal grayscale and color
Doppler images were stored. Lesions were selected and classified as according to the O-RADS US 2022
[12]. Based on expert consensus derived from extensive clinical experience, the following ultrasound
variables were analyzed: (1) laterality (unilateral/bilateral); (2) largest diameter in any plane; (3) contour
(regular/irregular); (4) number of locules (1, 2–4 or ≥ 5); (5) regularity of locules (yes/no); (6)
homogeneity of cyst fluid (yes/ no); (7) comet_tail artifact (yes/no); (8) morphological pattern of the
solid component (intracystic solid component, extracystic solid tissue or predominantly solid
component). Intracystic solid component denotes a papillary projection or nodule (height ≥ 3 mm) from
the cyst wall or septation protruding into the cyst cavity. Extracystic solid tissue refers to solid
components distributed along the periphery of locules, presenting as ring-like or septal-like focal
thickening. Predominantly solid component refers to a lesion composed of at least 80% solid tissue, with
minor cystic components. (9) echogenicity of solid component (hypoechoic, isoechoic, or hyperechoic),
relative to the myometrium; (10) color score (grade 0–1, 2 or 3) (11) calcification (yes/no); and (12) free
intraperitoneal fluid (yes/no). All images were independently reviewed by two radiologists with over 10
years of experience in gynecological imaging. Discrepancies were confirmed by a senior expert with
more than 20 years of clinical experience. All images were de -identified and randomly anonymized
before analysis.
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2.4 Statistical analysis
All statistical analyses were conducted using R (version 4.3.1) and SPSS (version 26.0). The cohort was
randomly allocated into a training set (n = 126) and a validation set (n = 54) at a 7:3 ratio. Continuous
variables were expressed as median (interquartile range) and group comparisons using the t test or
Mann-Whitney U-test. Categorical variables were expressed as n (%) and compared between groups
using the chi-square test or Fisher’s exact test. Univariate and multivariate logistic regression identified
independent predictors to develop a clinical-ultrasound nomogram for individualized risk prediction.
Furthermore, a dynamic nomogram was constructed using the "DynNom" and "shiny" packages in R. The
area under the curve (AUC) values of the receiver operating characteristic (ROC) curves and a decision
curve analysis (DCA) were used to evaluate the predictive performance and clinical utility of the model.
Statistical tests were two-tailed and significance was set at P < 0.05.

3. Result

3.1 Participant characteristics
Table 1 summarizes the baseline clinical and ultrasonographic characteristics of the training and
validation cohorts, with no statistically significant differences observed (P > 0.05). Detailed clinical and
ultrasonographic characteristics and ultrasonographic features of SO patients and lesions are provided
in Tables 2 and 3, respectively. Among SO cases, 65 patients (70.7%) were asymptomatic and
incidentally detected during physical examinations or imaging studies. Notably, 3 patients (3.3%) were
diagnosed during pregnancy. Laboratory findings revealed elevated CA125 levels (> 35 U/mL) in 23
patients (25.0%) and thyroid dysfunction in 12 patients (13.0%). Ascites was present in 7 patients (7.6%),
fluid outside the pouch of Douglas. All assessed lesions were cystic-solid masses. 13 lesions (14.0%)
were classified as O-RADS 4, and 80 lesions (86.0%) as O-RADS 5. In the initial ultrasonographic reports,
25 lesions (26.9%) were misclassified as malignant, and 37 lesions (39.8%) could not be definitively
characterized. Postoperative pathological analysis revealed 69 cases (75.0%) of pure SO, 20 cases
(21.7%) of SO combined with dermoid cyst, and 3 cases (3.3%) of SO combined with cystadenoma.
Among these, 4 cases (4.3%) were malignant SO, 2 cases (2.2%) were carcinoid tumors, and 2 cases
(2.2%) were microfocal papillary carcinoma, with no distant or local metastasis observed in any case.
Regarding surgical management, 52 of 92 SO patients (56.5%) were premenopausal. Among these
premenopausal patients, 9 (17.3%) underwent hysterectomy with bilateral salpingo-oophorectomy (BSO),
including 3 who underwent open hysterectomy with BSO, which suggested potential overtreatment in
some cases.
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Table 1
Baseline characteristics in the training and test cohorts

Characteristics Training (N = 126) Testing (N = 54) P

Age 52.00 (44.00–62.00) 51.50 (44.00-59.75) 0.713

Largest_diameter 7.10 (5.70–10.00) 6.75 (5.62–9.95) 0.670

Family_history      

No 109 (86.5%) 44 (81.5%) 0.524

Yes 17 (13.5%) 10 (18.5%)  

Symptom      

No 82 (65.1%) 33 (61.1%) 0.735

Yes 44 (34.9%) 21 (38.9%)  

O-RADS US      

4 17 (13.5%) 6 (11.1%) 0.846

5 109 (86.5%) 48 (88.9%)  

Ultrasound_assessment      

Benign 25 (19.8%) 7 (13.0%) 0.542

Malignant 45 (35.7%) 21 (38.9%)  

Uncertain 56 (44.4%) 26 (48.1%)  

Laterality      

Unilateral 112 (88.9%) 50 (92.6%) 0.626

Bilateral 14 (11.1%) 4 (7.4%)  

Data are given as n (%) or median (interquartile range). ORADS, the Ovarian-Adnexal Reporting and Data
System.
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Table 2
Clinical characteristics of women with SO (N = 92).

Variable Value

Age 49.50(38.50, 61.00)

Menopausal  

No 52 (56.5%)

Yes 40 (43.5%)

Pregnant  

No 89 (96.7%)

Yes 3 (3.3%)

Abdominal_pain  

No 77 (83.7%)

Yes 15 (16.3%)

Abdominal_distension  

No 74 (80.4%)

Yes 18 (19.6%)

Irregular_bleeding  

No 86 (93.5%)

Yes 6 (6.5%)

Abdominal_mass  

No 89 (96.7%)

Yes 3 (3.3%)

Ascites  

No 85(92.4%)

Yes 7(7.6%)

Pregnant  

No 89 (96.7%)

Yes 3 (3.3%)

CA125  

≤ 35 U/mL 69 (75.0%)
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Variable Value

> 35 U/mL 23 (25.0%)

Thyroid_dysfunction  

No 80 (87.0%)

Yes 12 (13.0%)

Concomitant_disease  

No 69 (75.0%)

Dermoid cyst 20 (21.7%)

Cystadenoma 3 (3.3%)

Surgical_approach  

Laparoscopic conservative surgery 45 (48.9%)

Laparoscopic hysterectomy with BSO 27 (29.3%)

Open hysterectomy with BSO 19 (21.8%)

Data are given as n (%) or median (interquartile range). Clinical and laboratory variables were collected at
the time of SO diagnosis. BSO: bilateral salpingo-oophorectomy.

Table 3
Ultrasonic features of the SO lesions (N = 93).

Variable Value

Largest_diameter 6.40(4.90, 9.00)

O-RADS US  

4 13 (14.0%)

5 80 (86.0%)

Subjective ultrasound assessment  

Benign 31 (33.3%)

Malignant 25 (26.9%)

Uncertain 37 (39.8%)

Data are given as n (%) or median (interquartile range).

3.2 Clinical and ultrasound predictors for two diseases

Page 8/28



Table 4 presents a comparative clinical indicators and ultrasound parameters of SO and early-stage
HGSC in the training set. There were significant differences between the two groups for several variables,
including CA125 (p = 0.001), heterogeneity of cyst fluid (p = 0.025), comet_tail artifact (p = 0.036),
morphological pattern of the solid component (p = 0.03), and echogenicity of solid components (p = 
0.01).
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Table 4
Univariate and multivariate analyses of clinical and ultrasound indicators of SO and HGSC in training set.

Parameter Univariate analysis Multivariate analysis

HGSC SO P OR 95%CI P

Age 54.3 ± 8.9 48.3 ± 
13.7

0.006 0.93 0.85–1.01 0.096

Family_history     0.053      

No 48
(77.4%)

57
(90.5%)

       

Yes 14
(22.6%)

6 (9.5%)        

Symptom     0.087      

No 33
(53.2%)

43
(68.3%)

       

Yes 29
(46.8%)

20
(31.7%)

       

CA125     < 
0.001

0.03 0.01–0.26 0.001

≤ 35 U/mL 10
(16.1%)

50
(79.4%)

       

> 35 U/mL 52
(83.9%)

13
(20.6%)

       

Largest_diameter 8.4 ± 3.8 7.3 ± 3.2 0.096      

Laterality     0.011 0.01 0.01-
1308036.50

0.622

Unilateral 50
(80.6%)

62
(98.4%)

       

Bilateral 12
(19.4%)

1 (1.6%)        

Vascularity     0.838      

No/Minimal 5 (8.1%) 7 (11.1%)        

Moderate 17
(27.4%)

16
(25.4%)

       

Abundant 40
(64.5%)

40
(63.5%)

       

Contour     0.172      
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Parameter Univariate analysis Multivariate analysis

HGSC SO P OR 95%CI P

regular 36
(58.1%)

44
(69.8%)

       

irregular 26
(41.9%)

19
(30.2%)

       

Locular number     0.105      

≥ 5 24
(38.7%)

33
(52.4%)

0.010      

2–4 30
(48.4%)

28
(44.4%)

0.047      

1 8 (12.9%) 2 (3.2%) 0.036      

Cystic regularity     < 
0.001

    0.505

No 34
(59.6%)

20 (29%)        

Yes 23
(40.4%)

49 (71%)        

Cystic echogenicity     0.004 0.08 0.01–0.73 0.025

heterogeneous 20
(35.1%)

42
(60.9%)

       

homogeneous 37
(64.9%)

27
(39.1%)

       

Comet-tail artifact     < 
0.001

7.01 1.13–43.54 0.036

No 55
(88.7%)

32
(50.8%)

       

Yes 7 (11.3%) 31
(49.2%)

       

Solid pattern     < 
0.010

    0.030

Intracystic solid
component

28
(45.2%)

19
(30.2%)

  Ref

Extracystic solid
component

8 (12.9%) 36
(57.1%)

  13.49 1.53-118.52 0.019

Predominantly solid
mass

26
(41.9%)

8 (12.7%)   0.94 0.14–6.27 0.953
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Parameter Univariate analysis Multivariate analysis

HGSC SO P OR 95%CI P

Solid echogenicity     < 
0.010

    0.010

Hypoechoic 2 (3.2%) 40
(63.5%)

  Ref

Isoechoic 31
(50.0%)

20
(31.7%)

  0.03 0.01–0.15 < 
0.001

Hyperechoic 29
(46.8%)

3 (4.8%)   0.01 0.01–0.03 < 
0.001

Calcification     0.654      

No 53
(85.5%)

52
(82.5%)

       

Yes 9 (14.5%) 11
(17.5%)

       

Free intraperitoneal fluid     0.239      

No 36
(58.1%)

43
(68.3%)

       

Yes 26
(41.9%)

20
(31.7%)

       

Data are given as n (%) or median (interquartile range). CI, confidence interval; OR, odds ratio.

Table 5
Diagnostic performance for differentiating SO from early-stage HGSC.

Training

Cohort

AUC (95%
CI)

ACC (95%
CI)

SEN (95%
CI)

SPE (95%
CI)

PPV (95%
CI)

NPV (95%
CI)

0.971

(0.949–
0.994)

0.92

(0.919–
0.921)

0.952

(0.900-
1.000)

0.887

(0.808–
0.966)

0.896

(0.822–
0.969)

0.948

(0.891-
1.000)

Testing

Cohort

0.939

(0.882–
0.995)

0.873

(0.869–
0.877)

0.800

(0.657–
0.943)

0.960

(0.883-
1.000)

0.960

(0.883-
1.000)

0.800

(0.657–
0.943)

ACC, accuracy; AUC, area under the Curve; ACC, accuracy; SEN, sensitivity; SPE, specificity; NPV,
negative predictive value; PPV, positive predictive value.

3.3 Model performance and validation
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Using independent predictors derived from multivariable regression, a combined clinical-ultrasound
nomogram was established to predict the probability of SO and early-stage HGSC (Fig. 1a). As shown in
Table 5, the AUC was 0.971 (95%CI, 0.949–0.994) in the training cohort and 0.939 (95%CI, 0.882–0.995)
in the testing cohort, with corresponding accuracy values of 0.920 (95%CI, 0.919–0.921) and 0.873
(95%CI, 0.869–0.877), respectively, indicating excellent discriminative ability between two diseases
(Fig. 1b). Calibration curves demonstrated great agreement between predicted and observed
probabilities in both cohorts, confirming satisfactory calibration (Fig. 1c). DCA showed favorable net
clinical benefit across a wide range of threshold probabilities, validating its clinical utility for
differentiating SO from early-stage HGSC (Fig. 1d, e).

Table 5 Diagnostic performance for differentiating SO from early-stage HGSC.

Training

Cohort

AUC (95%
CI)

ACC (95%
CI)

SEN (95%
CI)

SPE (95%
CI)

PPV (95%
CI)

NPV (95%
CI)

0.971

(0.949–
0.994)

0.92

(0.919–
0.921)

0.952

(0.900-
1.000)

0.887

(0.808–
0.966)

0.896

(0.822–
0.969)

0.948

(0.891-
1.000)

Testing

Cohort

0.939

(0.882–
0.995)

0.873

(0.869–
0.877)

0.800

(0.657–
0.943)

0.960

(0.883-
1.000)

0.960

(0.883-
1.000)

0.800

(0.657–
0.943)

ACC, accuracy; AUC, area under the Curve; ACC, accuracy; SEN, sensitivity; SPE, specificity; NPV,
negative predictive value; PPV, positive predictive value.

3.4 Utilization of individual prediction nomogram
To illustrate the clinical application workflow of the individualized risk prediction nomogram, this study
enrolled four newly diagnosed cases of SO and early-stage HGSC respectively. We extracted their clinical
and ultrasound variables and summed the scores corresponding to each predictive variable in the
nomogram. Finally, the probability of SO and early-stage HGSC for each patient was calculated. The
pathological diagnosis of SO in cases with higher predicted probabilities supports the accuracy of the
model. This nomogram allows for an intuitive, quantifiable risk assessment and serves as a reference for
preoperative risk stratification and clinical decision-making (Fig. 2).

3.5 Dynamic nomogram for Predicting SO
Building on the traditional risk prediction nomogram for distinguishing SO from early-stage HGSC, we
created a dynamic online nomogram to enable more efficient and convenient individualized risk
assessment. The website is: https://sopredict.shinyapps.io/Ovarian_Nomogram_App/( Figure S1).

3.6 The pathological basis of the morphological pattern of
the solid component
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The morphological pattern of the solid component differs significantly between SO and HGSC. In SO, the
solid component is located along the cystic cavities. Although some larger cystic cavities may cause the
intervening solid tissue to appear to protrude into the cavity, which can be mistakenly identified as
papillary projections, three-dimensional (3D) ultrasound can more intuitively clarify their spatial
relationship and highlight the hyperechoic features of the solid components (Fig. 3a-d). Careful
observation usually reveals a continuous and smooth cyst wall between the solid components and the
cyst cavity, which contrasts with the genuine papillary projections or mural nodules in HGSC, where the
intracystic excrescences disrupt the smooth inner wall (Fig. 3e-h). In addition, MRI also supported this
observation. The signal within SO cystic cavities can present a "stained glass appearance" due to
variations in colloid viscosity and concentration, and cyst wall or septa may show enhancement, but no
obvious enhancement of solid components within the cystic cavities has been described [18, 23].

Pathologically, these imaging differences reflect distinct tissue origins. SO presents as a solid mass with
scattered round or oval cystic cavities lined by smooth walls and filled with abundant colloid-like
material. The solid components of SO correspond to thyroid tissue consisting of follicular epithelium and
vascular-rich fibrous stroma. These cystic cavities tend to originate from thyroid follicles or cystic
degeneration, lack solid components [4, 24, 25]. In contrast, HGSC commonly appears as grayish-yellow
solid mass with hemorrhage, necrosis, and irregular cystic cavities (Fig. 4). It is characterized by high-
grade malignant epithelial proliferation with fibrovascular cores, and papillae and mural nodules may
project into cystic spaces and show invasive growth [26–28].

3.7 Characteristic ultrasonic signs of SO
To enhance model interpretability, we summarized three characteristic ultrasound signs of SO, all of
which align with the ultrasound variables selected by the model. They share the following common
characteristics: the isoechoic to hyperechoic solid components are distributed peripherally or between
cystic cavities without intracystic protrusion, forming stable peripheral scaffold-like or ring-liked
structures. The cyst contents are heterogeneous and occasional show comet-tail artifact. The three
specific ultrasonographic features include: (1) Ovary-like sign: Multiple round or oval cystic locules within
the solid component form an ovary-like appearance; (2) palette sign: a well-defined solid core surrounded
by multiple cysts containing heterogeneous contents, creating a petal configuration; (3) Cheerios sign: A
well-circumscribed, hyperechoic solid area with a central cyst within a multilocular-solid mass. (Fig. 5).

3.8 Reinterpretation of the Pearl Sign
Previous studies have suggested that the "pearl sign" is a specific ultrasonographic feature of SO,
corresponding to the "petal sign" proposed above. It is described as a smooth roundish solid area with
vascularization [13, 14, 29]. In our cases, the hyperechoic solid components in SO are typically peripheral
to cystic cavities with moderate to intense vascularity, as they derive from thyroid tissue (Fig. 6a,b).
Notably, the "pseudopearl sign" from deposits arises from the gradual deposition and compaction of
intracystic colloid over time, appearing as hypoechoic or hyperechoic flocculent aggregates and may be
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misinterpreted as the "pearl sign"(Fig. 6e-h) [27, 30]. Unlike true thyroid tissue, these colloid deposits may
show slight deformation or displacement with postural changes or pressure from the operator and
generally show no internal blood flow signals on color Doppler ultrasound(Fig. 6c,d). The IOTA group
categorized such deposits as a pitfall in distinguishing intracystic solid components and recommended,
Doppler and dynamic scanning to reduce errors [31]. Distinguishing these signs is critical to minimize
misdiagnosis and validate the "pearl sign" specificity for SO. Only excluding colloid deposition can
reliably assess its true value.

4. Discussion
Currently, cystic-solid SO lesions are frequently classified as O-RADS US 4/5, which fails to support
precise risk stratification from malignant ovarian tumors. Due to the rarity of SO, relevant studies are
mostly limited to case reports or small retrospective series, lacking evidence-based differentiation
models. In this study, we specifically focused on O-RADS US 4/5 SO and used the most prevalent ovarian
malignancy as a comparator to develop and validate a static and dynamic individualized prediction
model. This model showed excellent discrimination and clinical utility for preoperative risk stratification,
providing a methodological reference for future research on differentiating SO from other ovarian tumor
types. Importantly, we discovered three specific ultrasound signs of SO that are consistent with
independent ultrasound predictors in the model. Furthermore, by elucidating the morphological pattern
of the solid component and the " pearl sign" in SO, we have enhanced the statistical credibility and
clinical usability of the model.

The predictors in our model are grounded in definitive clinicopathological evidence and reflect the
distinct histological features of SO and the aggressive biological behavior of HGSC. The key predictor is
the extracystic location and hyperechoic appearance of the solid component. Pathologically, the solid
component of SO corresponds to thyroid tissue, composed of densely packed thyroid follicles and
fibrous stroma. The cystic areas on ultrasonography often correspond to colloid-filled dilated follicles or
cystic degeneration. Therefore, the solid components typically distribute along the periphery of locules
and present as ring-like or septal-like focal thickening. Given that abundant follicular interfaces act as
acoustic scatterers, the solid component typically appears iso- to hyperechoic on ultrasonography [4, 25,
29]. In contrast, HGSC is characterized by invasive proliferation of highly atypical malignant epithelial
cells, often forming papillary projections or irregular nodules. It is also prone to necrosis and
hemorrhage, leading to heterogeneous hypoechoic or mixed echogenicity appearances [27, 28, 32].
Secondly, heterogeneous cyst fluid and comet-tail artifacts directly reflect colloid-rich locules in SO [39].
The locules of SO are essentially thyroid follicles filled with colloid of varying concentrations. Variation in
colloid concentration causes heterogeneous intralocular echogenicity. When colloid becomes highly
concentrated and develops granular or crystalline contents, punctate echogenic foci may be observed.
The acoustic interface between liquid colloid and condensed particulate material can generate comet-
tail artifact [29, 33, 34]. Although HGSC may also show heterogeneous cystic echogenicity due to
hemorrhage or necrosis, these findings are generally nonspecific and typically lack these specific colloid-
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related features. CA125, a broad biomarker for ovarian cancer, is more frequently elevated in HGSC, but
may remain normal in early-stage cases [35]. Nevertheless, CA125 may also be elevated in SO
complicated by pseudo-Meigs syndrome with ascites [36, 37].

The three characteristic ultrasonic signs of SO identified in this study—ovary-like sign, palette sign, and
cheerios sign—collectively form a specific morphologic signature. They consistently show a peripheral,
iso- to hyperechoic solid component surrounding the locules, forming a stable scaffold-like or encircling
architecture, with multiple cystic spaces exhibiting heterogeneous internal echogenicity. These patterns
offer radiologists intuitive and reproducible diagnostic criteria that align with the histologic basis of SO
and may improve diagnostic consistency and accuracy.

The clinical significance is reflected in three aspects. Firstly, the dynamic nomogram enhances the
operability of the abstract statistical model by providing an intuitive graphical tool. This advancement
improves preoperative diagnostic efficiency and facilitates future clinical promotion and multicenter
validation. Secondly, the consistency between the three characteristic ultrasound signs and the
independent predictors from multivariate analysis validates the credibility of the diagnostic evidence.
Thirdly, by reinterpreting the spatial architecture and the “pearl sign” based on the pathophysiology, this
study clarified the morphological pattern of SO and distinguished the “pearl sign” derived from thyroid
tissue from the “pseudopearl sign” caused by intracystic colloid deposition, providing crucial evidence
for reducing misdiagnosis.

The model offers unambiguous guidance for clinical management. For patients suspected of SO,
particularly those with fertility desires or during pregnancy, this can reinforce confidence in follow-up
observation and avoid unnecessary laparotomy. Thus, this tool facilitates customized surgical strategies
and provides a framework for precise preoperative risk stratification and management. Nevertheless,
several limitations should be acknowledged. Double reading and expert confirmation improved the
consistency, but retrospective design may not eliminate subjective bias. Single-center dataset without
external validation also limited generalizability. Future multicenter prospective studies are needed to
further verify robustness and facilitate broader clinical adoption. Moreover, the model currently
distinguishes only SO from HGSC, subsequent studies must include other malignant epithelial
malignancy to enhance clinical utility.

5. Conclusions
We developed and validated the first static and dynamic nomogram for differentiate O-RADS US 4/-5 SO
from early-stage HGSC, providing a visualized decision support tool for a major preoperative diagnostic
challenge. From a pathophysiological perspective, we elucidated the key morphological patterns of SO,
systematically summarized three SO-specific ultrasonographic signs, and reinterpreted the “pearl sign”.
In short, these findings may support more accurate, strategic preoperative decision-making.
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High-grade serous ovarian carcinoma
FIGO
International Federation of Gynecology and Obstetrics
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Figure 1

Nomogram for preoperative discrimination between struma ovarii (SO) and high‑grade serous carcinoma
(HGSC). The nomogram was constructed from multivariate logistic regression analysis (A). To determine
the risk of SO, points are assigned for each variable according to the position along the ‘points’ scale,
summed, and the corresponding probability is identified on the total points scale. Receiver operating
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characteristic (ROC) curves (B), decision curve analysis (DCA) (C), and calibration curves in the training
(D) and calibration curve in the test set (E).

Figure 2

Representative application of the individualized prediction nomogram for SO (a,b) and HGSC (c,d). The
probability of SO was calculated based on the five selected predictor variables.
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Figure 3

Grayscale ultrasound and three-dimensional (3D) rendering of SO and HGSC. 3D ultrasound more clearly
demonstrates the solid components located at the periphery of locules, which present as ring-like
(asterisks in a, b) or septal-like focal thickening (arrows in c, d) in SO. The arrow in (e,f) points to a
continuous cyst wall in SO, and the asterisk marks the extracystic solid component. The arrows in (g,h)
point to solid papillary projections in HGSC.
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Figure 4

Grayscale ultrasound images (a, e), corresponding microvascular images (b, f), macroscopic appearance
(c, g), and histopathology (d, f), and for SO (a-d) and HGSC (e-h).
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Figure 5

Typical ultrasound signs and schematic illustrations of SO. (a) Ovary-like sign. (b)  palette sign. The
arrows in (b) points to solid core. (c) Cheerios sign. The arrows in (c) points to hyperechoic ring.
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Figure 6

Pearl sign and pseudopearl sign in SO on ultrasound. Grayscale (a) and color Doppler (b) images
illustrating the “pearl sign” (arrows) from thyroid tissue in Patient 1. Grayscale (c) and color Doppler (d)
images illustrating the “pseudopearl sign” (arrows) from deposits in Patient 2. (e–h) Sequential
development of the “pseudopearl sign” from colloid within a cystic cavity of SO. The images show the
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dynamic formation process, including deposition (Months 0, 2), aggregation (Month 4), and compaction
(Month 6).
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