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Background: A growing number of risk prediction models for cervical lymph

node metastasis (CLNM) in papillary thyroid microcarcinoma (PTMC) have been

developed, but their performance and methodological rigor remain unclear. This

study systematically reviews these models to evaluate their predictive

performance and critically appraise their risk of bias.

Methods: We conducted a systematic search of seven databases up to July 29,

2025. The methodological quality of the included studies was assessed using

PROBAST. Model performance, measured by the area under the curve (AUC), was

pooled using a random-effects meta-analysis.

Results: A total of 15 studies, comprising 24 predictive models, were included.

The pooled AUC was 0.794 (95% CI: 0.769–0.820), but with substantial

heterogeneity (I2 = 89.6%). Subgroup analysis revealed a performance drop

from the training set (pooled AUC, 0.812) to the validation set (pooled AUC,

0.774). The PROBAST assessment revealed that 12 of the 15 studies (80%) were

critically at a high risk of bias, primarily due to flaws in participant selection.

Conclusion: Although existing CLNM prediction models for PTMC show

moderate to good discrimination on average, their clinical utility is severely

limited by widespread methodological weaknesses and a high risk of bias. The

current evidence is not robust enough to recommend any specific model for

routine clinical use, and future research must prioritize methodological rigor and

independent external validation.
KEYWORDS
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Introduction

Papillary thyroid carcinoma (PTC) is the most common type of

thyroid cancer (1, 2), accounting for approximately 85% to 90% of

all thyroid malignancies (3, 4). In recent years, the incidence of PTC

has been steadily increasing, making it one of the fastest-growing

malignant tumors worldwide (5–9). A significant portion of these

diagnoses are for papillary thyroid microcarcinoma (PTMC),

defined as PTC with a diameter of not more than 10 mm (10).

Although PTMC is often considered a low-risk disease, it has a

notable tendency to metastasize to cervical lymph nodes relatively

early (11), with reported metastasis rates ranging from 30% to 82%

(12–16). This creates a significant clinical dilemma, as the presence

of cervical lymph node metastasis (CLNM) is a key factor in

determining the appropriate management strategy, which can

range from active surveillance to surgical intervention (17–22).

To address this clinical uncertainty, risk prediction models have

emerged as a promising tool to help stratify patients and guide

treatment decisions. The traditional detection of CLNM primarily

relies on ultrasound examination, but this modality has relatively

low sensitivity in identifying metastatic lymph nodes (23–25).

Consequently, there is an urgent need to identify CLNM risk

more accurately to inform surgical planning (26). In response, a

growing number of studies have developed multivariable prediction

models, often presented as nomograms, that combine clinical,

pathological, and imaging features to estimate the probability of

CLNM in patients with PTMC.

Despite the proliferation of these models, their performance,

reliability, and ultimate clinical utility have not been systematically

and critically appraised. Many prediction model studies are known

to suffer from methodological shortcomings, such as biased

participant selection, inadequate handling of data, and insufficient

validation, which can lead to overly optimistic performance

estimates. The adoption of a poorly developed or validated model

into clinical practice could lead to incorrect patient stratification,

resulting in either unnecessary overtreatment or dangerous

undertreatment. A comprehensive evaluation of the existing

evidence is therefore essential.

Therefore, this study was conducted to systematically review

existing prediction models for CLNM in PTMC, evaluate their

predictive performance through meta-analysis, and critically

appraise their methodological quality using Prediction model Risk

Of Bias ASsessment Tool (PROBAST). The goal is to summarize the

current evidence, highlight methodological limitations in the field,

and provide guidance for both clinical practice and the development

of future, more robust prediction models.
Methods

This systematic review and meta-analysis was conducted and

reported in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement.
Frontiers in Endocrinology 02
Literature search

We searched the Chinese Biomedical Literature Database,

China National Knowledge Infrastructure (CNKI), Wanfang,

PubMed, EMbase, Web of Science, and Cochrane Library

databases to collect studies on the risk prediction model of

CLNM in PTMC published from the establishment of the

databases to July 29, 2025. We combined keywords with related

free words. The search terms included thyroid microcarcinoma,

ultrasound, radiomic, lymph node, transfer, nomogram, etc.

Detailed search strategies for each database, including the specific

combinations of medical subject headings (MeSH), Emtree terms,

and free-text words, are provided in Supplementary Appendix 1.
Inclusion and exclusion criteria

Based on the PICOTS framework, the inclusion and exclusion

criteria for this study were as follows:

P (population): Patients with a postoperative pathological

diagnosis of PTMC (defined as papillary thyroid carcinoma with

tumor diameter ≤ 10 mm).

I (intervention model): Studies developing and/or validating a

multivariable risk prediction model for CLNM.

C (comparator): Not applicable for this type of review.

O (outcome): Model performance metrics, primarily the area

under the receiver operating characteristic curve (AUC).

T (timing): At the time of initial diagnosis, prior to

surgical intervention.

S (setting): Eligible studies included observational study designs

(e.g., retrospective or prospective cohort studies, case–control

studies) that reported on the development or validation of a

prediction model.

According to the qualification criteria, the included studies

must be original research involving the CLNM risk prediction

model of PTMC (excluding reports, reviews, conference papers,

and meta-analyses), including both Chinese and English literature,

with a focus on the training set and validation set of the prediction

model. The exclusion criteria are studies with only training set but

no validation set and studies with incomplete data or where the

original text cannot be obtained.
Literature screening and data extraction

Two researchers independently conducted a preliminary

screening of the titles and abstracts of the articles based on preset

inclusion and exclusion criteria. Subsequently, the full-text reading

of the literature that passed the initial screening was conducted to

further screen whether it met the inclusion criteria. Data extraction

uses standardized tables based on CHARMS (Checklist for Critical

Appraisal and Data Extraction for Systematic Reviews of Prediction

Modelling Studies) checklist. The extracted data were as follows:
frontiersin.org

https://doi.org/10.3389/fendo.2025.1709773
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


He et al. 10.3389/fendo.2025.1709773
author, publication year, country, sample source, sample size, study

type, age, lymph node metastasis rate, diagnostic basis, modeling

sample size, model performance, model validation, main predictors,

clinical applicability assessment, and lymph node metastasis risk

stratification. During the process of article screening and data

extraction, if there are any differences, a third researcher was

introduced for discussion.
Risk assessment of bias

The risk of bias and suitability of the included studies were

evaluated using the PROBAST checklist (27, 28). Two researchers

independently assessed the risk of bias and applicability. The

PROBAST checklist contains 20 signaling questions across four

evaluation domains: participants, predictors, results, and analysis.

The answer options for each signaling question are “yes”, “probably

yes”, “no”, “probably no”, or “no information”. If the answer to any
Frontiers in Endocrinology 03
question in a certain field is “no” or “probably no”, that field is

judged to have a high risk of bias. Only when all domains are

determined to have a low risk of bias can the overall risk of bias be

recognized as low.
Data synthesis and statistical analysis

Meta-analysis of the area under the curve (AUC) and 95%

confidence interval (CI) of the model was conducted using Stata 14.

Heterogeneity among studies was evaluated by using Q test and I2.

If P >0.1 and I2 <50%, it is considered that the heterogeneity among

studies is relatively small, and a fixed-effect model is selected. If P

≤0.1 and I2 ≥50%, the random-effects model is selected. Subgroup

analysis was conducted based on the training set, validation set, and

sources of predictors. Sensitivity analysis was performed using the

elimination method one by one. Egger’s test was used to assess

publication bias.
FIGURE 1

Flowchart of searching and screening steps for the studies.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1709773
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


He et al. 10.3389/fendo.2025.1709773
Result

A total of 176 studies were identified through database retrieval.

After removing 56 duplicate records, the titles and abstracts of the

remaining studies were screened, and 81 studies were excluded.

Subsequently, full-text evaluations were conducted on 39 articles.

During this process, 15 studies were excluded due to the lack of a

predictive model or incomplete data. Nine studies were excluded

due to the lack of internal and external validation or improper

grouping methods. Ultimately, 15 studies (1, 2, 4–6, 10, 11, 14, 15,

17, 18, 22, 23, 25, 29) and 24 models were included in this meta-

analysis (Figure 1).
Basic characteristics included in the study

This meta-analysis included 15 retrospective studies published

between 2021 and 2025, involving a total of 24 predictive models.

As detailed in Table 1, the studies showed significant geographical

diversity, with seven conducted in China and eight in Western
Frontiers in Endocrinology 04
countries. The total sample sizes varied considerably, ranging from

133 to 2,368 participants.

Further details on participant demographics are summarized in

Table 2. The mean age of the patient cohorts was consistent across

studies, ranging from 43 to 48 years. The reported rate of cervical

lymph node metastasis (CLNM) was substantial, falling between

30% and 50%. A critically key methodological point highlighted in

Table 2 is that only three studies explicitly confirmed that their

population met the strict definition of PTMC (tumor diameter ≤10

mm), and quality control for ultrasound imaging was not reported

in four of the studies.

A detailed overview of the 24 prediction models is presented in

Table 3. The performance of these models, as measured by the area

under the curve (AUC), varied widely, with validation set AUCs

ranging from a modest 0.661 to a highly discriminative 0.921. The

predictors used to build these models were diverse but frequently

included age, gender, tumor size, capsular invasion, and

microcalcification. As shown in Table 3, while most models were

presented as nomograms, their methodological follow-through

varied. Although 14 studies reported some form of model
TABLE 1 Characteristics of the included studies.

Author, year Country Period Sample source Study type Sample size
Total

sample size

Ding et al., 2024 (10) China
December 2020 to
December 2021

Postoperative patients Retrospective study TS (n = 282), VS (n = 122) 404

He 2024 (1) China
January 2016 to
January2020

SEER database
Postoperative patients

Retrospective study TS (n = 2085), VS (n = 283) 2,368

Jin et al., 2025 (11) China
January 2022 to

April 2023
Postoperative patients Retrospective study TS (n = 92), VS (n = 41) 133

Luo 2021 (3) China
October 2014 to
October 2020

Postoperative patients Retrospective study TS (n = 382), VS (n = 164) 546

Yu 2024 (4) China April 2022 to April 2023 Postoperative patients Retrospective study TS (n = 128), VS (n = 56) 184

Huang et al., 2021 (17) Switzerland
January 2018 to
February 2020

Institution Database Retrospective study TS (n = 439), VS (n = 220) 659

Zhu et al., 2023 (5) USA
February 2016 to

June 2022
Postoperative patients Retrospective study TS (n = 151), VS (n = 65) 216

Duan et al., 2024 (14) China
January 2017 to
December 2022

Postoperative patients
in 2 hospitals

Retrospective study TS (n = 709), VS (n = 302) 1,011

Gao et al., 2025 (29) USA
October 2020 to
October 2022

Postoperative patients
in 2 hospitals

Retrospective study TS (n = 201), VS (n = 87) 288

Zhang et al., 2021 (23) Switzerland
January 2018 to
December 2020

Postoperative patients Retrospective study TS (n = 180), VS (n = 89) 269

Liu et al., 2024 (6) UK
January 2018 to
December 2020

Postoperative patients
in 2 hospitals

Retrospective study TS (n = 327), VS (n = 153) 460

Qiu et al., 2024 (2) UK
July 2019 to

December 2021
Postoperative patients Retrospective study TS (n = 269), VS (n = 108) 377

Wu et al., 2024 (18) Switzerland
November 2021 to

October 2022
Postoperative patients Retrospective study TS (n = 142), VS (n = 62) 204

Zhang et al., 2024 (25) Romania June 2020 to May 2021 Postoperative patients Retrospective study TS (n = 445), VS (n = 191) 636

Zhao et al., 2023 (15) China
January 2020 to

July 2022
Postoperative patients Retrospective study TS (n = 214), VS (n = 55) 369
TS, training set; VS, validation set.
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calibration, the method was often unspecified. Furthermore, while

12 studies assessed clinical utility using decision curve analysis, only

four attempted to define risk strata for clinical application,

highlighting a common gap between model development and

practical implementation.
Quality assessment results

The methodological quality of the 15 included studies was

assessed using PROBAST. A detailed, item-by-item evaluation of

the risk of bias and applicability concerns across the four key

domains for each study is presented in Table 4.

As detailed in Table 4, our analysis found that only three studies

demonstrated an overall low risk of bias, while the remaining 12 were

judged to have a high risk of bias. The specific domain responsible for

the high risk of bias varied, namely: (1) Participant domain: This was the

most common source of bias. A total of 12 studies were rated as having a

high risk of bias in this domain, primarily due to the use of inappropriate

inclusion criteria that did not strictly limit the tumor diameter to ≤10

mm; (2) Analysis domain: Only one study was rated as having a high

risk of bias in this area. This was due to a failure to account for potential

model overfitting or to assess the optimism of the model’s performance;

(3) Predictors and outcome domains: All 15 studies were consistently

rated as having a low risk of bias in these domains, indicating robust

methods to define and measure predictors and outcomes.

In summary, the granular results in Table 4 reveal that while

predictor and outcome assessments were methodologically sound,
Frontiers in Endocrinology 05
critical issues in participant selection were the predominant reason

for the high risk of bias observed in the majority of the

included literature.
Meta-analysis

We conducted a meta-analysis of the AUC values from 24

models reported in the 15 included studies. As shown in the forest

plot (Figure 2), there was substantial heterogeneity among the

studies (I2 = 89.6%, P < 0.00001), necessitating the use of a

random-effects model. This high level of heterogeneity suggests a

significant variability in model performance across different study

populations, predictor definitions, and modeling techniques. The

pooled AUC was 0.794 (95% CI: 0.769–0.820), indicating moderate

to good overall discriminatory performance, though this result must

be interpreted with caution given the aforementioned heterogeneity

and high risk of bias in the primary studies.
Subgroup analysis

To explore sources of heterogeneity, subgroup analyses were

performed. The analysis based on dataset type (Figure 3) showed

that the pooled AUC of models in the training sets was 0.812 (95%

CI: 0.780–0.845), which was higher than the pooled AUC in the

validation sets (0.774, 95% CI: 0.743–0.808). This performance

drop-off, or “optimism,” is common in prediction model studies
TABLE 2 Other characteristics of the included studies.

Author, year
Gender

(male/female)
Mean age,

years
Lymph node
partitioning

CLNM (%)
PTMC

≤10 mm
Image quality control

Ding et al., 2024 120/284 45.20 Neck 159 (31.5) – –

He 2024 392/1976 46.50 Neck 878 (37.1) – –

Jin et al., 2025 30/103 47.63 Neck 57 (42.8) – Two doctors blind

Luo 2021 126/420 47.00 Neck 163 (29.9) – –

Yu 2024 37/147 44.51 Neck 81 (44.0) – One extraction, one review

Huang et al., 2021 (17) 152/507 43.15 Neck 237 (35.9) – Third calibration

Zhu et al., 2023 (5) 42/174 43.62 Neck 102 (47.2) + Third calibration

Duan et al., 2024 (14) 775/254 46.5 Neck 465 (45.1) – Third calibration

Gao et al., 2025 (29) 66/222 48.25 Neck 95 (32.9) – Two doctors independently extracted

Zhang et al., 2021 (23) 775/254 46.5 Neck 104 (38.6) +
Two doctors independently extracted,

controversial discussion

Liu et al., 2024 (6) 66/222 48.25 Neck 110 (40.8) – Two doctors independently extracted

Qiu et al., 2024 (2) 69/200 44.82 Neck 119 (31.5) – Two doctors independently extracted

Wu et al., 2024 (18) 67/393 45.6 Neck 102 (50) – Third calibration

Zhang et al., 2024 (25) 82/295 46.5 Neck 203 (31.9) –
Two doctors independently extracted,

controversial discussion

Zhao et al., 2023 (15) 58/311 43.89 Neck 184 (49.9) + –
+, mentioned; -, not mentioned.
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TABLE 3 Overview of the information of the included prediction models.

Predictor
Model
display

Clinical
applicability
assessment

Risk
stratification

gin, size, multifocality,
r invasion, recovery mode

Nomogram
Decision curve

analysis
+

ze (>5 mm), multifocality,
capsular invasion

Nomogram
Decision curve

analysis
–

rocalcification, capsular
ion (≥25%), lymph node

condition
Nomogram

Decision curve
analysis

–

, gender, size, capsular
vasion, multifocality,
shimoto’s thyroiditis

Nomogram
Decision curve

analysis
+

apsular invasion, age Nomogram – –

ze, multifocality, capsular
invasion

Nomogram
Decision curve

analysis
Clinical Impact Curve

–

600E, age (<45), size (>5
), capsular invasion,
microcalcification

Nomogram
Decision curve

analysis
–

e, multifocality, size,
lcification, aspect ratio >1,
h node condition, FT4,

TPOAb

Nomogram
Decision curve

analysis
+

(Continued)

H
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e
t
al.
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.3
3
8
9
/fe

n
d
o
.2
0
2
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.170

9
773

Fro
n
tie
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in

E
n
d
o
crin

o
lo
g
y

fro
n
tie

rsin
.o
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0
6

Author, year
Number of
models

Calibration
Verification
method

Model performance

Ding et al., 2024 1 Hosmer–Lemeshow test Interior
TS: 0.747 (95% CI: 0.690–0.804)
VS: 0.778 (95% CI: 0.697–0.860)

Ma
capsula

He 2024 1
Hosmer–Lemeshow test
Calibration of 1,000
bootstrap samples

External
TS: 0.763 (95% CI: 0.728–0.799)
VS: 0.725 (95% CI: 0.613–0.837)

Male, s

Jin et al., 2025 3
There is calibration, but
no method specified

Interior

Clinical prediction model:
TS: 0.810 (95% CI: 0.673–0.948)
VS: 0.769 (95% CI: 0.670–0.868)

Radiomics scoring model:
TS: 0.900 (95% CI: 0.840–0.961)
VS: 0.860 (95% CI: 0.743–0.977)

Conjunctive model:
TS: 0.911 (95% CI: 0.855–0.96)
VS: 0.903 (95% CI: 0.804–0.980)

Mic
invas

Luo 2021 1 Hosmer–Lemeshow test Interior
TS: 0.775 (95% CI: 0.723–0.826)
VS: 0.720 (95% CI: 0.635–0.804)

Age
in
H

Yu 2024 2 Without calibration Interior

Radiomics group:
TS: 0.78 (95% CI: 0.74–0.82)
VS: 0.72 (95% CI: 0.68–0.75)

Joint group:
TS: 0.87 (95% CI: 0.83–0.90)
VS: 0.81 (95% CI: 0.78–0.83)

C

Huang et al., 2021 (17) 1 Hosmer–Lemeshow test Interior
TS: 0.78 (95% CI: 0.735–0.825)
VS: 0.77 (95% CI: 0.703–0.837)

Age, s

Zhu et al., 2023 (5) 3 Hosmer–Lemeshow test Interior
TS: 0.78 (95% CI: 0.735–0.825)
VS: 0.77 (95% CI: 0.703–0.838)

BRAF
m

Duan et al., 2024 (14) 1 Bootstrapping
Interior
External

TS: 0.784 (95% CI: 0.750–0.81)
VS: 0.779 (95% CI: 0.729–0.830)

A
microca
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g
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TABLE 3 Continued

nce Predictor
Model
display

Clinical
applicability
assessment

Risk
stratification

0.958)
0.959)

0.876)
0.856)
e:
0.926)
0.901)

Age, capsular invasion,
male, microcalcification

Nomogram
Decision curve

analysis
–

0.847)
0.778)

Age, gender, size, capsular
invasion, lymph node condition

Nomogram – –
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0.852)

Rad grade, age, capsular invasion Nomogram – –

0.731)
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Age, gender, size, multifocality,
margin

Nomogram
Decision curve

analysis
–

0.902)
0.914)
eristics:
0.815)
0.824)
:
0.925)
0.955)

Male, echo, margin,
microcalcification

Nomogram
Decision curve

analysis
–

0.791)
0.786)

Age, gender, size, capsular
invasion, lymph node condition

Nomogram
Decision curve

analysis
–

0.972)
0.976)

Gender, age Nomogram
Decision curve

analysis
+
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0
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Author, year
Number of
models

Calibration
Verification
method

Model performa

Gao et al., 2025 (29) 3 Hosmer–Lemeshow test Interior

Combined model:
TS: 0.921 (95% CI: 0.883
VS: 0.889 (95% CI: 0.820

USA—Clinic:
TS: 0.812 (95% CI: 0.748
VS: 0.741 (95% CI: 0.627

Imaging group scor
TS: 0.876 (95% CI: 0.826
VS: 0.807 (95% CI: 0.713

Zhang et al., 2021 (23) 1
There is calibration, but
no method specified

Interior
TS: 0.777 (95% CI: 708–
VS: 0.661 (95% CI: 544–

Liu et al., 2024 (6) 1
There is calibration, but
no method specified

External
TS: 0.795 (95% CI: 0.745
VS: 0.774 (95% CI: 0.696

Qiu et al., 2024 (2) 1
There is calibration, but
no method specified

Interior
TS: 0.703 (95% CI: 0.640
VS: 0.672 (95% CI: 0.656

Wu et al., 2024 (18) 3
There is calibration, but
no method specified

Interior

Clinic + US:
TS: 0.835 (95% CI: 0.768
VS: 0.806 (95% CI: 0.699
Radiological group charac
TS: 0.734 (95% CI: 0.653
VS: 0.686 (95% CI: 0.547

Aggregative model
TS: 0.868 (95% CI: 0.811
VS: 0.857 (95% CI: 0.759

Zhang et al., 2024 (25) 1 Hosmer–Lemeshow test Interior
TS: 0.720 (95% CI: 0.649
VS: 0.704 (95% CI: 0.622

Zhao et al., 2023 (15) 1 modeFRONTIER Interior
TS: 0.946 (95% CI: 0.920
VS: 0.845 (95% CI: 0.714

TS, training set; VS, validation set; +, something has been done; -, nothing has been done.
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–

–

–
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and underscores the critical importance of external validation to

assess a model’s true generalizability. A second subgroup analysis

based on predictor types (Figure 4) showed that models combining

US, clinical, and pathology features had a pooled AUC of 0.796

(95% CI: 0.767–0.826), while the further addition of biomarkers did

not improve performance (AUC = 0.782, 95% CI: 0.763–0.802).

This suggests that the biomarkers included in current models may

have limited incremental predictive value over more

established factors.
Sensitivity analysis

A leave-one-out sensitivity analysis was performed to assess the

stability of our findings, with the results shown in Figure 5. This

analysis demonstrated that the sequential removal of each

individual study did not significantly alter the overall pooled

AUC. This confirms that our meta-analysis results are robust and

not unduly influenced by any single study.
Publication bias

Publication bias was evaluated using Egger’s test. The results

showed that there was no significant publication bias in the

included studies (P = 0.103).
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Discussion

This systematic review and meta-analysis synthesized evidence

from 15 studies involving 24 prediction models for CLNM in

patients with PTMC. The principal findings are threefold, namely:

first, the models demonstrate moderate to good discriminatory

ability on average, with a pooled AUC of 0.794; second, this overall

performance estimate is subject to considerable statistical

heterogeneity (I2 = 89.6%) across studies; and third and most

critically, the validity of these findings is severely threatened by

the methodological quality of the underlying evidence, as 12 of the

15 included studies were judged to be at a high risk of bias according

to PROBAST.

The pooled AUC of 0.794 suggests that, on paper, these models

can distinguish between patients with and without CLNM

reasonably well. However, this figure likely represents an

overestimation of true performance. The subgroup analysis

revealed a consistent drop in performance from the training sets

(pooled AUC 0.812) to the validation sets (pooled AUC 0.774), a

phenomenon known as “optimism” that is characteristic of models

that have not been robustly validated on independent data. This

performance degradation, combined with the high risk of bias

identified in most studies—particularly related to participant

selection and inadequate handling of potential overfitting—means

that the reported performance metrics should be interpreted with

extreme caution.
TABLE 4 Prediction model risk of bias assessment tool evaluation results included in the study.

Study
Study
type

ROB Applicability Overall

Participants Predictors Outcome Analysis Participants Predictors Outcome ROB Applicability

Ding et al., 2024 B – + + + – + + – –

He 2024 B – + + + – + + – –

Jin et al., 2025 B – + + + – + + – –

Luo 2021 B – + + + – + + – –

Yu 2024 B – + + – – + + – –

Huang et al., 2021 (17) B – + + + – + + – –

Zhu et al., 2023 (5) B + + + + + + + + +

Duan et al., 2024 (14) B – + + + – + + – –

Gao et al., 2025 (29) B – + + + – + + – –

Zhang et al., 2021 (23) B + + + + + + + + +

Liu et al., 2024 (6) B – + + + – + + – –

Qiu et al., 2024 (2) B – + + + – + + – –

Wu et al., 2024 (18) B – + + + – + + – –

Zhang et al., 2024 (25) B – + + + – + + – –

Zhao et al., 2023 (15) B + + + + + + + + +
PROBAST, Prediction model Risk Of Bias ASsessment Tool; A, development only; B, development and validation in the same publication; +, low ROB/low concern regarding applicability; -, high
ROB/high concern regarding application; ROB, risk of bias.
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A significant challenge in synthesizing these models is the

inconsistent role and definition of certain predictors. In terms of

predictors, US and clinicopathological features such as age, gender,

tumor size, and capsular invasion are the most common inclusion

indicators (30). However, the contribution of some biomarkers is

contentious—for instance, TPOAb was identified as a protective

factor in some studies (14, 31–33), potentially through an antibody-
Frontiers in Endocrinology 09
mediated cytotoxic effect. This contradicts other reports, such as

those by Sun et al. (34) and Wang et al. (35), where TPOAb was

associated with an increased risk of CLNM. These discrepancies

may arise from differences in study populations (e.g., underlying

rates of Hashimoto’s thyroiditis), variations in TPOAb detection

assays, or failure to adjust for key confounders. The predictive value

of the BRAF V600E mutation likewise remains debated. While
FIGURE 2

Forest plot showing the meta-analysis of the area under the curve for 15 studies.
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FIGURE 3

Subgroup analysis of forest plot (training versus validation).
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some included studies (5) found it to be a strong predictor of

metastasis, consistent with a large meta-analysis by Attia et al. (36),

another research by Virk et al. (37) suggests that it is not a reliable

predictor in the specific context of PTMC. This highlights the need

for further research to clarify the role of molecular markers before

they can be reliably incorporated into clinical prediction models.
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The high risk of bias found in 80% of the included studies is a

major concern that limits the clinical applicability of these models. As

detailed in Table 4, the primary issue was in the participant domain,

where many studies failed to strictly define PTMC (≤10 mm) or used

retrospective designs with inadequate sampling strategies, which can

introduce selection bias. Such methodological flaws not only inflate
frontiersin
FIGURE 4

Subgroup analysis of forest plot (US+clinical+pathology versus US+clinical+pathology+biomarker).
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performance metrics but also render the models unreliable for use in

the specific clinical population they are intended for. Furthermore, the

lack of calibration assessment inmany studies is a critical omission, as a

model with good discrimination (AUC) can still be clinically useless if

its predicted probabil it ies are poorly calibrated with

observed frequencies.

The strengths of our review include a comprehensive search

strategy across multiple databases, duplicate data extraction and

quality assessment to minimize error, and a formal risk of bias

assessment using the recommended PROBAST. However, this

study also has its shortcomings. Firstly, all of the included studies

were retrospective studies, and there was a certain degree of bias in

the included population. Secondly, most of the studies were single-

center studies, and some had relatively small sample sizes. Finally,

some of the included studies did not strictly control the quality of

ultrasound images, and some results might have been influenced by

the experience of the operators and instruments used.
Conclusion

In conclusion, while numerous CLNM risk prediction models

for PTMC exist and demonstrate moderate discriminatory

performance on average, their reliability and clinical utility are

severely hampered by widespread methodological weaknesses and a

high risk of bias. The current evidence base is not robust enough to

recommend any single model for routine clinical use. Future

research must prioritize methodological rigor, adhering strictly to

development and reporting guidelines such as TRIPOD and

PROBAST. Emphasis should be placed on large, multi-center
Frontiers in Endocrinology 12
prospective studies with independent external validation to

develop truly reliable and well-calibrated models that can safely

guide individualized treatment for patients with PTMC.
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