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Abstract: Objective: To construct a diagnostic model for follicular thyroid carcinoma (FTC) and papillary thyroid car-
cinoma (PTC), both subtypes of differentiated thyroid carcinoma (DTC), using color Doppler ultrasound signs in
conjunction with serum laboratory markers. Methods: We conducted a retrospective analysis of patients with thyroid
nodules who underwent ultrasonography at Yulin Hospital from February 2021 to March 2023. The cohort included
269 subjects: 105 with benign nodules and 164 with DTC (59 with FTC and 105 with PTC). We compared baseline
demographics and laboratory indices between the groups. Diagnostic values of ultrasound features and laboratory
markers were assessed using receiver operating characteristic (ROC) curves, and logistic regression was employed
to pinpoint independent diagnostic factors for FTC. A predictive nomogram was subsequently developed based on
these factors. Results: There were significant differences between the benign and malignant groups regarding ultra-
sound signs (including border, morphology, echogenicity, calcification, blood flow, lymph node zoning) and labora-
tory indices (free triiodothyronine (FT3), free thyroxine (FT4), thyroglobulin (Tg), thyroid-stimulating hormone (TSH),
vascular endothelial growth factor (VEGF), tumor-specific growth factor (TSGF)), with all P-values <0.05. The areas
under the curve (AUCs) for FT3, FT4, Tg, TSH, VEGF, and TSGF were all above 0.75, with Tg achieving the highest at
0.91. Logistic regression identified borders, morphology, echogenicity, VEGF, and TSGF as independent diagnostic
factors for distinguishing between FTC and PTC, with significant P-values. The constructed nomogram demonstrated
an AUC of 0.853, indicating high diagnostic accuracy. Both calibration and decision curve analysis (DCA) validated
the model’s stability and clinical utility. Conclusion: We successfully developed a nomogram combining ultrasound
features and serum markers that enhances the diagnostic precision for FTC. This model offers a valuable tool for
clinical diagnostics in differentiated thyroid cancer.
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Introduction occurring in patients under 40 years of age [3].

PTC typically exhibits slow growth and lower

Thyroid cancer (TC), originating from the follicu-
lar or parafollicular epithelial cells of the thyroid
gland, is among the top ten most common
malignant tumors [1]. It includes various histo-
logic types such as papillary thyroid carcinoma
(PTC), follicular thyroid carcinoma (FTC), medul-
lary thyroid carcinoma (MTC), and anaplastic
thyroid carcinoma (ATC) [2]. PTC, the most prev-
alent type, accounts for approximately 60% to
70% of all thyroid cancers and primarily affects
young females, with 50% to 80% of cases

malignancy but tends to metastasize early to
local lymph nodes. Conversely, FTC represents
about 20% to 25% of cases and is associated
with higher malignancy and poorer prognosis
[4].

Doppler color ultrasound, a non-invasive, radia-
tion-free diagnostic technique, is extensively
used to assess thyroid nodules [5]. It is crucial
for detecting differentiated thyroid cancer
(DTC), providing detailed information on the
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blood flow characteristics within the nodules,
such as presence, velocity, and distribution of
flow [6]. This imaging modality is particularly
valuable for identifying DTC subtypes like PTC
and FTC by monitoring dynamic blood flow
changes in these nodules, offering important
diagnostic insight [7]. However, reliance solely
on imaging features may lead to misdiagnoses
or underdiagnoses, as it does not assess the
overall condition of the patient comprehensive-
ly [8]. Thus, while Doppler color ultrasound is
instrumental for initial screening and dia-
gnosing DTC, its accuracy and specificity for
diagnosing PTC and FTC need further im-
provement.

Vascular endothelial growth factor (VEGF) is a
cytokine primarily involved in angiogenesis [9].
It is known that tumor cells enhance angiogen-
esis by secreting VEGF, thereby supplying
essential nutrients and oxygen necessary for
tumor growth and dissemination [10]. As a
result, VEGF expression levels are frequently
used as biomarkers for assessing the invasive-
ness and metastatic potential of tumors.
Tumor-specific growth factors (TSGF) are a
group of substances that specifically promote
tumor angiogenesis and the formation of vas-
cular networks [11]. TSGF plays a pivotal role in
the tumor microenvironment by influencing vas-
cularization, and aiding tumor cell proliferation,
migration, and immune evasion [12]. Notably,
variations in TSGF activity and expression lev-
els across different tumor types are significant,
critically affecting tumor development and
prognostic assessment. Both VEGF and TSGF
regulate angiogenesis and tumor progression,
with VEGF mainly facilitating the formation of
new blood vessels, and TSGF enhancing the
tumor’s vascular network to support growth.
Research has demonstrated a positive correla-
tion between serum and tissue levels of these
factors, suggesting that serum concentrations
can reflect tissue levels and overall angiogenic
activity within tumors [13].

Although various indicators have been used in
diagnosing benign nodules and DTC, no studies
have conclusively shown that combining ultra-
sound signs with laboratory indicators sig-
nificantly enhances diagnostic efficacy [14].
Nevertheless, recent years have seen consider-
able effort in developing and refining diagnostic
models for thyroid nodules [15]. This study
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aims to equip clinicians with a more accurate
diagnostic tool by developing a DTC diagnostic
model that integrates color Doppler ultrasound
signs with laboratory indicators.

Methods and data
Clinical data collection

In this retrospective study, we analyzed patients
with thyroid nodules who underwent ultraso-
nography at Yulin Hospital from February 2021
to March 2023.

This study was approved by the Yulin Hospital
Medical Ethics Committee.

Inclusion exclusion criteria

Inclusion criteria: (1) Clinical examination met
the diagnostic criteria for thyroid nodules, PTC,
and FTC [16]; (2) Age =18 years; (3) Available
color Doppler ultrasound examination data; (4)
Available thyroid hormone, VEGF and TSGF test
results; (5) Complete admission data.

Exclusion criteria: (1) Patients with a history of
thyroid surgery; (2) Patients with severe organ
insufficiency, such as liver, kidney; (3) Patients
with other primary tumors, autoimmune diseas-
es; (4) Patients with other diseases affecting
laboratory indicators.

Diagnostic criteria for PTC and FTC

The diagnostic criteria for thyroid nodules, PTC,
and FTC were met through clinical examination.
The gold standard for diagnosis was histopath-
ologic examination of surgically excised tissue,
confirming the tumor pathology type. For PTC,
key histopathological features include papillary
structures, psammoma bodies, and distinctive
nuclear features. For FTC, diagnostic criteria
emphasize capsular and/or vascular invasion.
These criteria are supported by the American
Thyroid Association guidelines and other litera-
ture as definitive diagnostic methods [16].

Patient grouping

Based on the inclusion and exclusion criteria,
we categorized 269 eligible patients into two
groups: 105 patients with benign nodules and
164 with cancer. Of the cancer group, 59 had
FTC and 105 had PTC.
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Baseline data and laboratory value collection

Patient-related information was retrieved from
electronic medical records and clinic notes,
which included demographic and clinical data
such as age, gender, and body mass index
(BMI). Ultrasound characteristics assessed
included borders, morphology, echogenicity,
calcification, blood flow, and lymph node
zoning. Laboratory values measured during the
initial evaluation for thyroid nodules included
free triiodothyronine (FT3), free thyroxine (FT4),
thyroglobulin (Tg), thyroid-stimulating hormone
(TSH), VEGF, and TSGF. The assays used were
electrochemiluminescence for FT3, FT4, Tg,
and TSH (Roche-601), and enzyme-linked im-
munosorbent assays for VEGF and TSGF
(Shanghai, China, ml064281 and mI058329,
respectively).

Diagnostic feature screening

Using logistic regression, we identified indepen-
dent diagnostic factors for FTC. This analysis
focused exclusively on the cohorts with PTC
and FTC, aiming to differentiate between these
two types of DTC. The study did not include the
benign cohort, as the primary objective was to
distinguish between the malignant types. Given
the clinical and pathologic overlaps between
FTC and PTC, and their shared dependence on
TSH, this differentiation is essential for precise
therapeutic planning.

Observed data

The observation indicators included: 1.
Comparison of baseline data and laboratory
indicators between the nodule group and the
cancer group. 2. Differentiation of baseline
data and laboratory indicators between
patients with PTC and FTC. 3. Evaluation of
each indicator’s diagnostic value for benign
nodules versus DTC, and PTC versus FTC using
receiver operating characteristic (ROC) curves.
4. ldentification of independent diagnostic fac-
tors for FTC through logistic regression. 5.
Construction of a diagnostic nomogram for
FTC using identified independent factors. 6.
Assessment of the model’s clinical value and
stability through decision curve analysis (DCA)
and calibration curves. 7. Validation of the
model through random patient selection
(Figure 1).
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Statistical analysis

Data processing was conducted using SPSS
version 26.0. The Kolmogorov-Smirnov test
was employed to analyze measured data.
Normally distributed data were presented as
mean + standard deviation (SD), analyzed using
independent samples t-tests. Non-normally
distributed data were expressed as medians
and interquartile ranges (P50 [P25, P75]), with
the Mann-Whitney U test applied for analysis.
Categorical data comparisons were conducted
using the chi-square (x?) test. Logistic regres-
sion was used to identify independent diagnos-
tic factors for FTC. Nomograms were construct-
ed for these factors, and their calibration and
clinical utility were evaluated using DCA curves,
calibration plots, and Hosmer-Lemeshow tests.
Nomograms were plotted using the R software
‘rms’ package. A p-value <0.05 was considered
significant.

Results
Comparison of baseline information

Differences in baseline information between
the nodule group and the cancer group were
examined. No significant differences were
found in age, gender, or BMI between the
groups (all P>0.05). However, ultrasound signs
including border (P<0.001), morphology (P=
0.009), echogenicity (P<0.001), calcification
(P=0.001), blood flow (P=0.045), and zoning of
enlarged lymph nodes (P=0.003) showed sig-
nificant differences between the nodule and
cancer groups (Table 1).

Comparison of laboratory indexes between
nodule and cancer groups

Comparative analysis of laboratory indices
between the nodule and cancer groups re-
vealed that levels of FT3, FT4, Tg, TSH, VEGF,
and TSGF were significantly lower in the nodule
group than in the cancer group, with all P-values
<0.001 (Table 2).

Diagnostic value of ultrasound signs and labo-
ratory indices in patients with cancer

ROC curve analysis was used to evaluate the
effectiveness of ultrasound signs and labora-
tory indicators in differentiating benign nodules
from DTC. All ultrasound signs, except for bor-
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Inclusion criteria:

(1) Clinical examination meeting the diagnostic criteria for thyroid
nodules, PTC and FTC; (n=425)

(2) Age 218 years; (n=415)

(3) Presence of color Doppler ultrasound technical examination
data; (n=354)

(4) Presence of thyroid hormone, VEGF and TSGF test results;
(n=328)

(5) Admission data were complete. (n=315)

Patients with thyroid nodules with
abnormalities on ultrasonography
performed in our hospital from
February 2021 to March 2023
were collected for this study.

Obtaining Baseline Information and
Laboratory Indicators

Exclusion criteria:

(1) Patients with a history of thyroid surgery; (n=308)

(2) Those with other severe organ insufficiency, such as liver and
kidney; (n=284)

(3) Those with other primary tumor diseases and autoimmune
diseases; (n=276)

(4) Presence of other diseases affecting laboratory indicators.
(n=269)

1. Compare the differences in baseline
data and laboratory indicators between
patients in the nodule group and the
cancer group.

2. Compare the differences in baseline
data and laboratory indicators between
patients with PTC and FTC.

>

3. Analyze the diagnostic value of each
indicator in diagnosing benign nodules
versus DTC, and PTC versus FTC,
using the subject characteristic operating
curve (ROC).

4. Screen the independent diagnostic factors
of FTC using logistic regression.

5. Nomogram was used to construct a
diagnostic model for the independent
diagnostic factors of FTC, and Decision
Curve Analysis (DCA) and calibration
curves were used to determine the
clinical value and stability of the model.

6. Patients were randomly selected to
validate the model.

Figure 1. Integration of clinical and laboratory data in the construction and validation of a nomogram for thyroid nodule diagnosis.
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Table 1. Comparison of baseline data between nodule and cancer groups

Diagnosis of differentiated thyroid cancer

Consideration Nodule group (n=105)  Cancer group (n=164) Statistic P-value
Age (years) 46.46+10.15 46.80+10.52 0.27 0.787
Gender
Male 42 (40.00%) 74 (45.12%) 0.685 0.408
Female 63 (60.00%) 90 (54.88%)
BMI (kg/m?) 22.91+5.00 23.46+4.93 0.885 0.377
Border
Clearer 85 (80.95%) 44 (26.83%) 75.133 <0.001
Unclear 20 (19.05%) 120 (73.17%)
Morphology
Aspect ratio <1 69 (65.71%) 81 (49.39%) 6.915 0.009
Aspect ratio 21 36 (34.29%) 83 (50.61%)
Echogenicity
Low echo 40 (38.10%) 131 (79.88%) 48.257 <0.001
Non-low echo 65 (61.90%) 33(20.12%)
Calcification
Calcification 50 (47.62%) 113 (68.90%) 12.140 0.001
without Calcification 55 (52.38%) 51 (31.10%)
Blood flow
No 49 (46.67%) 97 (59.15%) 4.017 0.045
Yes 56 (53.33%) 67 (40.85%)
Zoning of enlarged lymph nodes
Single-issue Area 73 (69.52%) 84 (51.22%) 8.826 0.003

Area of common occurrence 32 (30.48%)

80 (48.78%)

Note: BMI, Body Mass Index.

Table 2. Comparison of laboratory indicators between nodule and cancer groups

Variable Method Nodule group (n=105)  Cancer group (n=164) Statistic P-value
FT3 (pmol/L) t-test 5.17+1.11 6.97+1.86 9.918 <0.001
FT4 (pmol/L) t-test 11.33+4.23 17.16+4.68 10.583 <0.001
Tg (ng/mL) ttest 92.11+14.74 132.65+25.06 16.697 <0.001
TSH (mIU/L) Mann-Whitney U 1.59 [1.20, 2.04] 2.26[1.68, 2.62] 6.284 <0.001
VEGF (pg/mL) ttest 15.88+5.28 24.58+7.47 11.175 <0.001
TSGF (ug/mL) ttest 50.38+9.81 65.24+11.20 11.46 <0.001

Note: FT3, Free Triiodothyronine; FT4, Free Thyroxine; Tg, Thyroglobulin; TSH, Thyroid-Stimulating Hormone; VEGF, Vascular

Endothelial Growth Factor; TSGF, Tissue Specific Growth Factor.

der and echogenicity, showed area under the
curves (AUCs) greater than 0.7 (Table 3; Figure
2). Among laboratory indicators, the AUCs for
FT3, FT4, Tg, TSH, VEGF, and TSGF in distin-
guishing benign nodules from DTC were all
above 0.75, with Tg reaching as high as 0.91
(Table 3; Figure 3).

Comparison of baseline information between
PTC and FTC groups

Further analysis comparing baseline data be-
tween patients with PTC and FTC found no sta-
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tistically significant differences in age, gender,
BMI, blood flow, or zonation of enlarged lymph
nodes (all P>0.05, Table 4). However, signifi-
cant differences were observed in border
(P<0.001), morphology (P<0.001), echogenicity
(P=0.004), and calcification (P=0.007) between
the FTC and PTC groups (Table 4).

Comparison of laboratory indexes between FTC
and PTC groups

Comparative analysis of laboratory values
between FTC and PTC revealed no significant
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Table 3. Values of the ROC curve in the diagnosis of benign nodules and DTCs

Predictor variable Atl::cuunr(\j/:r 95% Cl ?/l;tlféf Sensitivity Specificity Accuracy Yionl:jiin
Boundary 0.771 0.720-0.821 0.5 73.17%  80.95% 76.21% 54.12%
Morphology 0.582 0.522-0.641 0.5 50.61% 65.71% 56.51% 16.32%
Echo 0.709 0.653-0.765 0.5 79.88% 61.91% 72.86% 41.78%
Calcification 0.606 0.547-0.666 0.5 68.90% 52.38% 62.45% 21.28%
Blood flow 0.562 0.501-0.623 0.5 59.15% 53.33% 56.88% 12.48%
Enlarged lymph node zoning 0.592 0.534-0.650 0.5 48.78%  69.53% 56.75% 18.30%
FT3 (pmol/L) 0.789 0.736-0.843 6.42 61.59% 90.48% 72.86% 52.06%
FT4 (pmol/L) 0.82 0.770-0.869 13.545 76.83% 69.52% 73.98% 46.35%
Tg (ng/mL) 0.91 0.877-0.944 11894 73.17% 96.19% 82.16% 69.36%
TSH (mlU/L) 0.727 0.667-0.787 2.135 56.10% 79.05% 65.06% 35.15%
VEGF (pg/mL) 0.826 0.778-0.874 20.08 73.78%  75.24% 74.35% 49.02%
TSGF (ug/mL) 0.846 0.799-0.893 58.715 72.56% 83.81% 76.95% 56.37%

Note: DTC, Differentiated thyroid carcinoma; FT3, Free Triiodothyronine; FT4, Free Thyroxine; Tg, Thyroglobulin; TSH, Thyroid-
Stimulating Hormone; VEGF, Vascular Endothelial Growth Factor; TSGF, Tissue Specific Growth Factor.
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Figure 2. ROC curves of ultrasound signs in the diagnosis of benign nodules versus DTC. A. ROC curves
of ultrasound boundaries in the diagnosis of benign nodules versus DTC. B. ROC curve of ultrasound morphology
in the diagnosis of benign nodules with DTC. C. ROC curve of ultrasound echo in the diagnosis of benign nodules
with DTC. D. ROC curve of ultrasound calcification profile in the diagnosis of benign nodules with DTC. E. ROC
curve of ultrasound blood flow profile in the diagnosis of benign nodules with DTC. F. ROC curve of ultrasound en-
larged lymph node zoning in the diagnosis of benign nodes with DTC. Note: ROC, Subject characteristic operating
curve.

differences in FT3, FT4, or TSH levels be- Logistic regression screening for FTC diagnos-
tween the two groups (all P>0.05, Table 5). tic features

However, significant increases were observed

in Tg (P=0.014), VEGF (P<0.001), and TSGF Logistic regression analysis was employed to
(P<0.001) in FTC patients compared to PTC identify diagnostic features that differentiate
patients (Table 5). between PTC and FTC. Continuous variables
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Figure 3. ROC curves of laboratory indices in the diagnosis of benign nodules and DTC. A. ROC curve of FT3 in the
diagnosis of benign nodules and DTC. B. ROC curve of FT4 in the diagnosis of benign nodules and DTC. C. ROC curve
of Tg in the diagnosis of benign nodules and DTC. D. ROC curve of TSH in the diagnosis of benign nodules and DTC.
E. ROC curve of VEGF in the diagnosis of benign nodules with DTC. F. ROC curve for TSGF in the diagnosis of benign
nodules vs. DTC. Note: DTC, Differentiated Thyroid Cancer; ROC, Subject Characterization Working Curve; FT3, Free
Triiodothyronine; FT4, Free Thyroxine; Tg, Thyroglobulin; TSH, Thyroid-Stimulating Hormone; VEGF, Vascular Endothe-
lial Growth Factor; TSGF, Tissue-Specific Growth Factor.

Table 4. Comparison of baseline data between FTC and PTC groups

Consideration FTC (n=59) PTC (n=105) Statistic P-value
Age (years) 46.81+£10.04 46.80+10.82 -0.008 0.994
Gender
Male 25 (42.37%) 49 (46.67%) 0.281 0.596
Female 34 (57.63%) 56 (53.33%)
BMI (kg/m?) 22.65+4.95 23.92+4.89 1.580 0.117
Border
Clearer 25 (42.37%) 19 (18.1%) 11.341 <0.001
Unclear 34 (57.63%) 86 (81.9%)
Morphology
Aspect ratio <1 40 (67.8%) 41 (39.05%) 12.490 <0.001
Aspect ratio >1 19 (32.2%) 64 (60.95%)
Echogenicity
Low echo 40 (67.8%) 91 (86.67%) 8.368 0.004
Non-low echo 19 (32.2%) 14 (13.33%)
Calcification
Calcification 33 (55.93%) 80 (76.19%) 7.235 0.007
Without calcification 26 (44.07%) 25 (23.81%)
Blood flow
No 36 (61.02%) 61 (58.10%) 0.133 0.715
Yes 23 (38.98%) 44 (41.90%)
Zoning of enlarged lymph nodes
Single-issue Area 33 (55.93%) 51 (48.57%) 0.819 0.365

Area of common occurrence

26 (44.07%)

54 (51.43%)

Note: BMI, Body Mass Index; FTC, Follicular Thyroid Carcinoma; PTC, Papillary Thyroid Carcinoma.
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Table 5. Comparison of laboratory indicators between FTC and PTC groups

Variable Method FTC (n=59) PTC (n=105) Statistic p_value
FT3 (pmol/L) t-test 6.73+1.72 7.10+£1.92 1.262 0.209
FT4 (pmol/L) t-test 17.19+4.48 17.14+4.82 -0.067 0.947
Tg (ng/mL) t-test 138.73+21.44 129.24+26.36 -2.501 0.014
TSH (mIU/L) t-test 2.19+0.60 2.15+0.67 -0.44 0.661
VEGF (pg/mL) t-test 28.58+6.87 22.33+6.86 -5.591 <0.001
TSGF (ug/mL) t-test 69.36+9.61 62.93+11.41 -3.834 <0.001

Note: FT3, Free Triiodothyronine; FT4, Free Thyroxine; Tg, Thyroglobulin; TSH, Thyroid-Stimulating Hormone; VEGF, Vascular
Endothelial Growth Factor; TSGF, Tissue Specific Growth Factor; FTC, Follicular Thyroid Carcinoma; PTC, Papillary Thyroid Carci-

noma.
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Figure 4. ROC curves of ultrasound signs and laboratory indices in the diagnosis of benign nodules and DTC. A.
ROC curves of ultrasound borders in the diagnosis of PTC and FTC. B. ROC curves of ultrasound morphology in the
diagnosis of PTC and FTC. C. ROC curves of ultrasound echo in the diagnosis of PTC and FTC. D. ROC curves of ul-
trasound calcification status in the diagnosis of PTC and FTC. E. ROC curves of TSH in the diagnosis of ROC curves
in PTC and FTC. F. ROC curves of VEGF in the diagnosis of PTC and FTC. G. ROC curves for TSGF in the diagnosis of
PTC and FTC. Note: DTC, Differentiated Thyroid Cancer; PTC, Papillary Thyroid Cancer; FTC, Follicular Thyroid Can-
cer; ROC, Subject Characterization Operating Curve; TSH, Thyroid-Stimulating Hormone; VEGF, Vascular Endothelial

Growth Factor; TSGF, Tissue Specific Growth Factor.

Table 6. Assignment table

Variable Assignment content

Boundary Clearer =1, Unclear =0

Morphology <1=1,>1=0

Echo Low echo =1, Non-low echo =0
Calcification Calcification =1, without calcification =0
TSH <2.565=1, >2.565=0

VEGF <26.425=1, >26.425=1

TSGF <62.43=1, 262.43=1

Note: TSH, Thyroid-Stimulating Hormone; VEGF, Vascular En-
dothelial Growth Factor; TSGF, Tissue Specific Growth Factor.
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were dichotomized using cut-off values from
ROC curves, assigning categorical values to
these variables (Figure 4; Table 6). The analysis
identified boundary (P=0.015, OR=0.366), mor
phology (P=0.012, OR=0.351), echogenicity (P=
0.043, 0R=2.854), VEGF (P<0.001, OR=0.210),
and TSGF (P=0.001, OR=0.220) as indepen-
dent diagnostic factors for FTC (Tables 7, 8).

FTC nomogram diagnostic model construction

To aid clinicians, a nomogram was constructed
for visualizing the diagnostic model of FTC. This

Am J Transl Res 2024;16(8):3654-3666



Diagnosis of differentiated thyroid cancer

Table 7. Univariate analysis

between the nomogram and

Varian, Beta Std oV OR 95% 95% each individual indicator. . The
ariable value  Error Al Value  Lower Upper .nomogra.m dempnstratgd signif-
Boundary  -1.202 0.366 0.001 0.300 0145 0.611 icantly higher diagnostic ﬁeffof'
Morphology ~ -1.190 0.343 0.001 0304 0.153  0.589 mance compared to each indi-

vidual indicator including Boun-
Echo 1.127 0.400 0.005 3.087 1.419 6.875 _

dary (P=0.001), Morphology (P<
Calcification 0.925 0.348 0.008 2521 1.277 5.023 0.001), Echo (P=0.007), Calci-
TSH 0.251 0.367 0.493 1286 0.634 2.688 fication (P=0.009), TSH (P<
VEGF -1.559 0.350 <0.001 0.210 0.104 0.413 0.001), VEGF (P<0.001), and
TSGF -1.569 0.387 <0.001 0.208 0.094 0.432 TSGF (P<0.001) (Table 9). In a

Note: TSH, Thyroid-Stimulating Hormone; VEGF, Vascular Endothelial Growth Fac-

tor; TSGF, Tissue Specific Growth Factor.

Table 8. Multivariate analysis

practical scenario, two random-
ized patient profiles - one repre-
senting a typical PTC patient and
the other an FTC patient - were
analyzed using the nomogram.

Variable Beta S, ... OR 95%  95% In patients with PTC, ultrasound

value Error Value  Lower  Upper images typically showed poorly
Boundary -1.090 0.447 0.015 0.336  0.137 0.800 defined borders and an aspect
Morphology -1.048 0.419 0.012 0.351 0.150 0.786 ratio of less than 1, alongside
Echo 1.049 0.519 0.043 2.854 1.045 8.120 hypoechoic features. These pa-
Calcification  0.792 0.424 0.061 2.208 0.965 5.126 tients had VEGF levels at 33.53
VEGF 1534 0413 <0.001 0216 0.094 0.477 pg/mL and TSGF levels at 71.87
TSGF 1516 0450 0001 0220 0087 0514 bg/mL, leading to a total calcu-

Note: TSH, Thyroid-Stimulating Hormone; VEGF, Vascular Endothelial Growth Fac-

tor; TSGF, Tissue Specific Growth Factor.

nomogram integrated the independent diag-
nostic factors identified through logistic regres-
sion, incorporating five features (Figure 5A).
Each feature was assigned a score, and the
total score provides an estimate of risk based
on the linear predictive value displayed at the
bottom. The model's efficacy was evaluated
using ROC curves, calibration, and DCA. The
ROC curve demonstrated an AUC of 0.853,
indicating high accuracy (Figure 5B). The cali-
bration curve showed excellent agreement
between the model-predicted probabilities and
the actual observed probabilities, confirming
the model’s accuracy (Figure 5C). The C-index
was 0.833 (0.768-0.897), with a goodness-of-
fit chi-square of 2.356 and a P-value of 0.968,
suggesting the model’s stability. DCA revealed
beneficial outcomes within a threshold range of
1%-95%, with a maximum benefit of 35.32%
(Figure 5D).

Comparative analysis of the diagnostic efficacy
of nomograms and separate indicators

At the study’s conclusion, the Delong test
was used to compare the diagnostic efficacy
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lated score of 171. The probabil-
ity of these patients being diag-
nosed with FTC was 38%. In con-
trast, patients with FTC had well-
defined borders, an aspect ratio of <1, and
non-hypoechoic features.

Their VEGF levels were slightly higher at 35.49
pg/mL, with TSGF also measured at 71.87 pg/
mL. This resulted in a higher total patient score
of 276, correlating with a 62% likelihood of the
FTC diagnosis (Figure 5A).

Discussion

Pathologic puncture biopsy remains a primary
method for diagnosing DTC, but this invasive
technique may yield biased results due to sam-
pling limitations [17]. Fortunately, advance-
ments in medical imaging have made ultraso-
nography the preferred method for DTC diagno-
sis due to its cost-effectiveness, non-invasive-
ness, ease of operation, and high sensitivity
[18]. However, ultrasound may present complex
features in some tumor cases, complicating
accurate identification based solely on subjec-
tive assessment. It has been reported that inte-
grating diagnostic ultrasound with laboratory
markers significantly enhances the clinical
diagnostic accuracy for DTC [19].
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Figure 5. Diagnostic Model Construction of FTC Nomogram. A. Nomogram diagnostic model construction. B. ROC
curves to assess the efficacy of nomogram diagnostic models. C. Calibration curve to assess the stability of the no-
mogram diagnostic model. D. DCA curve to assess the clinical value of the nomogram diagnostic model. Note: FTC,
Follicular Thyroid Cancer; ROC, Subject Characteristics Working Curve; DCA, Decision Curve Analysis. The red arrows
indicate PTC patients, and the blue arrows indicate FTC patients.

significantly between the nodule and
cancer groups. Additionally, laboratory
values including FT3, FT4, Tg, TSH,

Table 9. Delong test comparing risk models with separate
indicators in distinguishing PTC and FTC

Variable 1 Variable 2  Test Methods Statistic P-value )
Boundary Nomogram Delong'stest -3.2341  0.001 VEGF’. and TSGF were substantially
lower in the nodule group compared to
Morphology Nomogram Delong'stest 3.6953 <0.001 those in the cancer group. These dis-
Echo Nomogram Delong'stest 2.7025  0.007 parities might be indicative of thyroid
Calcification Nomogram Delong'stest 2.6166  0.009 cancer development, thereby aiding
TSH (mlU/L)  Nomogram Delong'stest -6.276 <0.001 physicians in more accurately diagnos-
VEGF (pg/mL) Nomogram Delong'stest 6.1021 <0.001 ing DTC in clinical settings.
TSGF (ug/mL) Nomogram Delong’s test 4.0867 <0.001

Previous studies corroborate our find-
ings. Li et al. [20] identified specific
ultrasound features associated with
thyroid cancer development. Fan et al.

Note: TSH, Thyroid-Stimulating Hormone; VEGF, Vascular Endothelial
Growth Factor; TSGF, Tissue Specific Growth Factor.

In this study, we analyzed the diagnostic value
of ultrasound signs combined with laboratory
indices for DTC, uncovering statistically signifi-
cant differences through data analysis. Ul-
trasound signs such as border definition, mor-
phology, echogenicity, calcification, blood flow,
and zoning of enlarged lymph nodes differed

3663

[21] noted that factors such as nodule size,
inhomogeneous enhancement, hypoenhance-
ment, and unclear borders after contrast-
enhanced ultrasound were independently sig-
nificant for diagnosing thyroid cancer. Moreover,
Liang et al. [22] emphasized the clinical rele-
vance of detecting serum markers in differenti-
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ating thyroid cancer from benign thyroid nod-
ules and distinguishing benign nodules from
healthy individuals.

We extended these insights by examining dif-
ferences between ultrasound signs and labo
ratory indicators for diagnosing DTC versus
benign nodules using ROC curves. Our analysis
revealed substantial diagnostic value in specif-
ic ultrasound signs and laboratory indicators.
All ultrasound features, except for border clarity
and echogenicity, showed AUC values exceed-
ing 0.7, highlighting their diagnostic impor-
tance. Among the laboratory indices, FT3, FT4,
Tg, TSH, VEGF, and TSGF all had AUC values
above 0.75, with Tg showing particularly high
diagnostic efficacy (AUC of 0.91).

Accurate diagnosis of thyroid cancer is crucial
for effective treatment planning. FTC and PTC,
the two prevalent forms of DTC, often show
similarities in clinical presentation, pathologic
features, and therapeutic approaches, compli-
cating differential diagnosis [23, 24]. In this
study, logistic regression identified boundary
clarity, morphology, echogenicity, VEGF, and
TSGF as independent diagnostic features for
FTC. Notably, VEGF showed an AUC of 0.724.
Ultrasound parameters critical for evaluating
thyroid tumors include boundary clarity - defin-
ing the demarcation line between the tumor
and surrounding tissues - and morphology,
which describes the tumor’s structural charac-
teristics [25]. Typically, PTCs present with more
irregular or indistinct borders compared to
FTCs, and their echogenic properties differ;
PTCs are usually hypoechoic, while FTCs may
appear more homogeneous or hon-hypoechoic
[26].

VEGF is known for its role in angiogenic sig-
naling, regulating endothelial cell proliferation
and vascular remodeling - critical for tumor cell
proliferation, infiltration, and metastasis [27].
Similarly, TSGF promotes vascular network for-
mation within tumor tissues [28]. Prior research
indicates that VEGFA protein levels are higher
in thyroid cancer than in benign tissues, under-
scoring its potential as a biomarker [29, 30].
Additionally, Xu et al. [31] suggested that TSGF
could predict lymph node metastasis in PTC
patients.

Our study developed a nomogram diagnostic
model for FTC, integrating five variables: bound-
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ary, morphology, echogenicity, VEGF, and TSGF.
This model achieved an AUC of 0.853, demon-
strating high clinical utility and stability. Lin et
al. [32] achieved an AUC of 0.79 with a machine-
learning-based FTC diagnostic model, and Yao
et al. [33] identified cg06928209 as a candi-
date molecular marker for FTC, achieving an
AUC of 0.77 through DNA methylation and gene
expression analysis. However, no models have
been established for differentiating PTC from
FTC.

Validation using case data from randomly
selected PTC and FTC patients confirmed the
model’s accuracy, reflecting a 38% probability
of diagnosing FTC in PTC patients and a 62%
probability in FTC patients, aligning closely with
pathological diagnoses.

The study, however, was limited by an insuffi-
cient sample size, lack of external dataset vali-
dation, and absence of long-term follow-up
data. Future validation efforts will expand the
sample size across diverse regions and ethnici-
ties, validate the model with independent data-
sets from various healthcare organizations,
and establish a long-term follow-up mechanism
to gather crucial prognostic information.

In conclusion, our study successfully construct-
ed a nomogram model combining ultrasound
signs and laboratory indexes, significantly
enhancing the diagnostic accuracy for FTC and
providing a robust diagnostic tool for clinical
use.
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