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Abstract: Objectives: To investigate the role of thyroid-stimulating hormone (TSH) and vascular endothelial growth
factor (VEGF) in the ultrasound characteristics of thyroid microcarcinoma (TMC). Methods: In this retrospective
cohort study, data from 223 TMC patients (January 2018 - January 2023) were analyzed. Patients were grouped
based on their baseline serum TSH and VEGF levels. Thyroid ultrasound images were evaluated for morphologi-
cal features associated with TSH and VEGF concentrations. Results: A significant correlation was found between
elevated TSH levels and increased nodule diameter (rho = 0.193, P = 0.004), clearer margins (rho = 0.196, P =
0.003), and microcalcifications (rho = 0.256, P < 0.001). Capsule invasion showed a negative correlation with TSH
(rho = -0.180, P = 0.007). Similar associations were observed with higher VEGF levels, which correlated positively
with larger nodule size (rho = 0.189, P = 0.005), clearer margins (rho = 0.186, P = 0.005), and microcalcifications
(rho = 0.265, P < 0.001), but negatively with capsule invasion (rho = -0.169, P = 0.012). Conclusion: This study
supports the hypothesis that elevated TSH and VEGF levels are associated with characteristic ultrasound features
in TMC, which may serve as potential biomarkers for more accurate risk stratification.

Keywords: Correlation, thyroid microcarcinoma, ultrasound thyroid imaging characteristics, thyroid-stimulating
hormone, vascular endothelial growth factor

Introduction features, such as nodule size, echogenicity, cal-
cifications, and vascularity, provide valuable
Thyroid microcarcinoma (TMC), defined as thy- insights for distinguishing malignant from be-

roid carcinoma with a maximum diameter of 1 nign lesions [5]. However, the relationship

cm or less, is a distinct subset of papillary thy-
roid carcinoma (PTC) [1]. Despite its small
size, TMC represents a significant proportion of
newly diagnosed thyroid cancers, with its inci-
dence rising due to advancements in imaging
techniques and increased surveillance [2].
Although TMC generally has a favorable prog-
nosis, understanding its biological behavior is
essential, as it may exhibit aggressive features,
such as extrathyroidal extension and lymph
node metastasis [3].

Among the available diagnostic tools, ultra-
sound imaging plays a crucial role in the evalu-
ation, characterization, and monitoring of thy-
roid nodules, including TMC [4]. Key ultrasound

between these imaging characteristics and
underlying pathophysiological processes, es-
pecially the roles of hormonal and angiogenic
factors, remains an active area of research [6].

Thyroid-stimulating hormone (TSH) is a major
endocrine regulator in thyroid metabolism, and
its role in the pathogenesis of thyroid malignan-
cies has been well-documented [7]. Elevated
TSH levels have been associated with an
increased risk and progression of thyroid can-
cer, suggesting that TSH may promote tumor
growth and transformation through direct ef-
fects on thyroid follicular cells [8]. The prognos-
tic significance of serum TSH levels in patients
with differentiated thyroid cancer highlights the
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importance of investigating its association with
specific imaging characteristics, which could
improve risk stratification and management
protocols [9].

Similarly, vascular endothelial growth factor
(VEGF), a key mediator of angiogenesis, plays
an essential role in thyroid cancer biology by
promoting neovascularization, which facilitates
tumor growth and metastasis [10]. While ele-
vated serum VEGF levels have been linked to
poor prognosis in various malignancies, its
specific role in TMC remains underexplored
[11]. Understanding the relationship between
serum VEGF levels and the ultrasound features
of TMC could offer valuable insights into the
tumor’s biological behavior and open new ave-
nues for therapeutic interventions. This study
primarily aims to correlate ultrasound imaging
characteristics with baseline serum levels of
TSH and VEGF.

Materials and methods
Case selection

This retrospective cohort study included 223
patients diagnosed with TMC at Boai Hospital
of Zhongshan between January 2018 and
January 2023. Demographic data and thyroid
ultrasound imaging characteristics were sys-
tematically collected from these patients.

The study utilized de-identified data, posing no
risk to patient care, and therefore did not
require informed consent. The exemption from
informed consent, as well as the study itself,
was approved by the Ethics Review Committee
of Boai Hospital of Zhongshan and was con-
ducted in accordance with applicable regu-
latory and ethical standards for retrospective
research.

Inclusion and exclusion criteria

Inclusion criteria for this study were as follows:
(1) Participants must be over 18 years of age,
have no history of mental illness, exhibit nor-
mal cognitive function, and be capable of coop-
erating with various treatments and examina-
tions [12]; (2) Participants must have a patho-
logical diagnosis of TMC, characterized by a
tumor diameter of <1 cm [13]; (3) Participants
must have no other thyroid diseases, such as
multinodular goiter or thyroid adenoma.
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Exclusion criteria included: (1) Patients with
other malignant tumors [12]; (2) Patients with
severe liver or kidney dysfunction that may
lead to abnormal serum levels of TSH or VEGF;
(3) Patients with known autoimmune diseases
that could influence TSH levels; (4) Pregnant or
lactating patients; (5) Patients who had re-
ceived radioactive iodine treatment or other
thyroid-related therapies within the past six
months.

Grouping method

This study used baseline serum levels of TSH
and VEGF from the same cohort to form two
distinct groups: one based on serum TSH levels
and the other based on serum VEGF levels.

Ultrasound measurement

Ultrasound imaging was performed using a
Canon Aplio 500 with a linear array probe
operating at a frequency of 9-11 MHz. Patients
were positioned supine with their heads tilted
back for optimal exposure of the anterior neck.
A multi-angle sectional scan of the bilateral
thyroid and cervical lymph nodes was per-
formed, and grayscale ultrasound findings,
along with blood flow distribution characteris-
tics, were documented. Image acquisition, re-
cording, and analysis were managed by two
professional physicians. Any discrepancies in
analysis were resolved through discussion to
reach consensus.

Serum TSH and VEGF levels were measured
using immunohistochemistry with the UniCel
DxI 800 fully automated chemiluminescence
immunoassay analyzer (Beckman Coulter, Inc.,
USA).

Group division

Based on the average serum TSH level of 4.16
+ 1.52 mU/L, a threshold of 4.16 mU/L was
established. Patients were divided into two
groups: a high TSH group (n = 104) with TSH
levels > 4.16 mU/L, and a low TSH group (n =
119) with TSH levels < 4.16 mU/L.

Similarly, using the mean serum VEGF level of
26.32 + 8.34 U/mL, a threshold of 26.32 U/
mL was set. Patients were divided into a high
VEGF group (n = 107) with VEGF levels > 26.32
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Table 1. General information of patients with different TSH levels

Low TSH group

High TSH group

Parameters (n = 119) (n = 104) t/x? P

Age (years) 45.32 £ 12.13 4481 + 12.52 0.309 0.758
Gender (male/female) 38/81 32/72 0.035 0.852
BMI (kg/m?) 24.21 + 3.41 24.01 £ 3.51 0.434 0.664
Education level (years) 12.48 + 3.19 12.73 £ 3.17 0.568 0.571
Employment, work for pay [n (%)] 92 (77.31%) 79 (76.00%) 0.057 0.812
Smoking history [n (%)] 26 (21.85%) 20 (19.23%) 0.232 0.63
Drinking history [n (%)] 15 (12.61%) 14 (13.46%) 0.036 0.85
Family history of thyroid disease [n (%)] 13 (10.92%) 11 (10.58%) 0.007 0.933
Duration of illness (months) 2412 + 12.34 23.98 + 12.45 0.085 0.932
Adverse reaction symptoms (present/absent) 88/31 76/28 0.022 0.883

Note: BMI: body mass index; TSH: thyroid-stimulating hormone.

U/mL, and a low VEGF group (n = 116) with
VEGF levels < 26.32 U/mL.

Diagnostic criteria for ultrasound image analy-
Sis

The diagnostic criteria for TMC included the
absence of normal thyroid tissue between the
tumor nodule boundary and the thyroid cap-
sule. This was characterized by indistinct
boundaries between the capsule and sur-
rounding thyroid tissue, as well as tumor inva-
sion into the capsule or anterior cervical tis-
sue. Microcalcifications are identified as scat-
tered punctate strong echoes, with or without
acoustic shadows, and are defined as having
a diameter of < 1 mm [14]. Blood flow levels
within TMC masses are classified according
to the standards established by Chakrabarty et
al. [15]. These levels were divided into four
categories:

Level O: No blood flow.

Level I: 1-2 blood flow signals, indicating very
low blood flow.

Level II: 3-4 punctate blood flow signals or a
distinct blood vessel, indicating moderate
blood flow.

Level lll: Multiple or patchy blood flow signals,
indicating very high blood flow.

Statistical methods
Measurement data were expressed as mean *

standard deviation or median with interquartile
range, depending on whether the data followed
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a normal distribution. Categorical data were
expressed as frequency and percentage. Con-
tinuous variables between two groups were
compared using unpaired t-tests. Statistical
significance was set at P < 0.05. All statistical
analyses were performed using SPSS 19 soft-
ware (SPSS Inc., Chicago, IL, USA) and R soft-
ware package 3.0.2 (Free Software Foundation,
Inc., Boston, MA, USA).

Results
Comparison of general information

In this study investigating the relationship
between thyroid ultrasound imaging character-
istics and serum levels of TSH and VEGF, par-
ticipants were categorized into two groups
based on TSH levels: low TSH (n = 119) and
high TSH (n = 104) (Table 1). The mean age for
the low and high TSH groups was 45.32 +
12.13 years and 44.81 + 12.52 years, res-
pectively (t =0.309, P = 0.758). The gender dis-
tribution was similar between the groups, with
38 males and 81 females in the low TSH gro-
up and 32 males and 72 females in the high
TSH group (x2 = 0.035, P = 0.852). Body mass
index (BMI) values were 24.21 + 3.41 kg/m?2 in
the low TSH group and 24.01 + 3.51 kg/m? in
the high TSH group (t = 0.434, P = 0.664). The
mean years of education were 12.48 + 3.19
for the low TSH group and 12.73 + 3.17 for the
high TSH group (t = 0.568, P = 0.571). Other
factors, such as employment rate, smoking his-
tory, drinking history, family history of thyroid
disease, illness duration, and adverse reaction
symptoms, were similar between the two
groups (all P > 0.05).
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Table 2. Comparison of thyroid ultrasound morphological characteristics in TMC patients with differ-

ent TSH levels

Parameters Low TSH group (n = 119) High TSH group (n = 104) X2 P
Number (unifocal/multifocal) 84/35 68/36 0.692 0.405
Ultrasound location (unilateral/bilateral) 84/35 71/33 0.141 0.707
Maximum diameter [n (%)] 8.319 0.004
->0.05 mm 38 (31.93%) 53 (50.96%)
-<0.05 mm 81 (68.07%) 51 (49.04%)
Aspect ratio [n (%)] 2.671 0.102
-A/T>21 54 (45.38%) 36 (34.62%)
-AT<1 65 (54.62%) 68 (65.38%)
Margin [n (%)] 8.579 0.003
- Clear 51 (42.86%) 65 (62.50%)
- Indistinct 68 (57.14%) 39 (37.50%)
Capsule invasion [n (%)] 7187 0.007
- Absent 66 (55.46%) 39 (37.50%)
- Present 53 (44.54%) 65 (62.50%)
Regularity of margin [n (%)] 0.512 0.474
- Yes 42 (35.29%) 32 (30.77%)
-No 77 (64.71%) 72 (69.23%)

Note: A/T: anteroposterior to transverse diameter ratio; TSH: thyroid-stimulating hormone.

ital of ZhongShan

Figure 1. Typical and original figures of ultrasound thyroid imaging in TMC
patients (A solid hypoechoic nodule in the left thyroid lobe of a 47-year-old
male patient. The nodule measures 0.40 x 0.57 cm). Note: TMC: thyroid
microcarcinoma.

ences in the maximum diame-
ter, margin clarity, and capsu-
le invasion of nodules (Table
2). Figure 1 shows typical
ultrasound images of TMC
patients. A higher proportion
of nodules in the high TSH
group (50.96%) had a maxi-
mum diameter > 0.05 mm
compared to the low TSH
group (31.93%) (x*> = 8.319, P
= 0.004). Margins were clear-
er in the high TSH group, with
62.50% of nodules demon-
strating clear margins, com-
pared to 42.86% in the low
TSH group (x> = 8.579, P =
0.003). Capsule invasion was
present in a higher percent-
age of patients in the high
TSH group (62.50%) com-
pared to the low TSH group
(44.54%) (x> = 7187, P =
0.007). No significant differ-

Comparison of thyroid ultrasound morphologi- ences were found between the groups in
cal characteristics terms of nodule number (unifocal vs. multifo-

cal), ultrasound
Analysis of the thyroid ultrasound morphologi- al), aspect ratio

location (unilateral vs. bilater-
, or regularity of margins (P >

cal characteristics showed significant differ- 0.05). These findings suggest that higher TSH
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Table 3. Comparison of thyroid ultrasound features in TMC patients with different TSH levels

Parameters Low TSH group (n = 119) High TSH group (n = 104) X2 P
Halo sign [n (%)] 2.192 0.139
- Present 61 (51.26%) 43 (41.35%)
- Absent 58 (48.74%) 61 (58.65%)
Internal echo [n (%)] 1.937 0.164
- Hypoechoic 88 (73.95%) 68 (65.38%)
- Hyperechoic 31 (26.05%) 36 (34.62%)
Echo uniformity [n (%)] 2.377 0.123
- Uniform 46 (38.66%) 30 (28.85%)
- Non-uniform 73 (61.34%) 74 (71.15%)
Microcalcification [n (%)] 14.601 <0.001
- Present 45 (37.82%) 66 (63.46%)
- Absent 74 (62.18%) 38 (36.54%)
Vascular flow Grading [n (%)] 4.505 0.212
-Grade O 27 (22.69%) 15 (14.42%)
- Grade | 27 (22.69%) 18 (17.31%)
- Grade Il 42 (35.29%) 46 (44.23%)
- Grade Il 23 (19.33%) 25 (24.04%)

Note: TMC: thyroid microcarcinoma; TSH: thyroid-stimulating hormone.

levels are associated with specific ultrasound
features that may be useful for the assessment
and management of TMC.

Comparison of thyroid ultrasound features

Microcalcifications were more frequently ob-
served in the high TSH group (63.46%) com-
pared to the low TSH group (37.82%), with
a statistically significant difference (x> =
14.601, P < 0.001) (Table 3). No significant dif-
ferences were found between the two groups
for other ultrasound characteristics, including
the presence of a halo sign, internal echo
type, echo uniformity, and vascular flow grad-
ing (all P > 0.05). These results indicate that
microcalcification prevalence is significantly
associated with higher TSH levels in patients
with TMC.

Correlation analysis of thyroid ultrasound im-
aging characteristics in TMC patients with dif-
ferent TSH levels

There was a positive correlation between TSH
levels and the maximum diameter of thyroid
nodules (rho = 0.193, P = 0.004), suggesting
that higher TSH levels are associated with
larger nodules (Figure 2). A positive correlation
was also found between margin clarity and TSH
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levels (rho = 0.196, P = 0.003), indicating that
higher TSH levels are associated with clearer
nodule margins. Conversely, capsule invasion
showed a negative correlation with TSH levels
(rho =-0.180, P = 0.007), implying that higher
TSH levels are linked to a lower occurrence of
capsule invasion. The strongest correlation
was observed with microcalcifications, which
showed a significant positive association with
TSH levels (rho = 0.256, P < 0.001).

Comparison of general information of patients
with different VEGF levels

The mean age was similar between the low
VEGF group (45.27 + 12.23 years) and the
high VEGF group (44.94 + 12.49 years) (t =
0.199, P = 0.843) (Table 4). Gender distribu-
tion was consistent, with a male-to-female ra-
tio of 36/80 in the low VEGF group and 34/73
in the high VEGF group (x2 = 0.014, P = 0.905).
The mean BMI was 24.18 + 3.45 kg/m? in
the low VEGF group and 24.04 + 3.53 kg/m? in
the high VEGF group (t = 0.301, P = 0.764).
Educational levels were comparable, with aver-
ages of 12.50 + 3.20 years and 12.71 + 3.15
years in the low and high VEGF groups, res-
pectively (t = 0.498, P = 0.619). Other factors
such as employment status, smoking and
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Figure 2. Correlation analysis of thyroid ultrasound imaging characteristics in TSH level TMC patients. A: Maximum
diameter; B: Margin; C: Capsule invasion; D: Microcalcification. Note: TMC: thyroid microcarcinoma; TSH: thyroid-

stimulating hormone.
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Table 4. General information of patients with different VEGF levels

1.00

Low VEGF group

High VEGF group

Parameters (n = 116) (n = 107) t/x? P

Age (years) 45,27 + 12.23 44.94 + 12.49 0.199 0.843
Gender (male/female) 36/80 34/73 0.014 0.905
BMI (kg/m?) 24.18 + 3.45 24.04 + 3.53 0.301 0.764
Education level (years) 12.50 £ 3.20 12.71 + 3.15 0.498 0.619
Employment, work for pay [n (%)] 89 (76.72%) 82 (76.64%) 0 0.988
Smoking history [n (%)] 21 (18.10%) 25 (23.36%) 0.941 0.332
Drinking history [n (%)] 14 (12.07%) 15 (14.02%) 0.187 0.665
Family history of thyroid disease [n (%)] 12 (10.34%) 12 (11.21%) 0.044 0.834
Duration of iliness (months) 24.07 £ 12.38 24.03 +£12.49 0.024 0.981
Adverse reaction symptoms (present/absent) 85/31 79/28 0.009 0.925

Note: BMI: body mass index; VEGF: vascular endothelial growth factor.

drinking histories, family history of thyroid dis-
ease, disease duration, and the presence of
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Table 5. Comparison of thyroid ultrasound morphological characteristics in TMC patients with differ-

ent VEGF levels

Parameters

Low VEGF group (n = 116) High VEGF group (n = 107) x? P

Number (unifocal/multifocal)
Ultrasound location (unilateral/bilateral)
Maximum diameter [n (%)]

67/30 2.914 0.088
72/35 0.477 0.490
7.947 0.005

->0.05 mm 37 (31.90%) 54 (50.47%)
-<0.05 mm 79 (68.10%) 53 (49.53%)

Aspect Ratio [n (%)] 0.757 0.384
-A/T21 50 (43.10%) 40 (37.38%)
-A/T<1 66 (56.90%) 67 (62.62%)

Margin [n (%)] 7.697 0.006
- Clear 50 (43.10%) 66 (61.68%)
- Indistinct 66 (56.90%) 41 (38.32%)

Capsule invasion [n (%)] 6.346 0.012
- Absent 64 (55.17%) 41 (38.32%)
- Present 52 (44.83%) 66 (61.68%)

Regularity of margin [n (%)] 2.457 0.117

- Yes 44 (37.93%)
- No 72 (62.07%)

30 (28.04%)
77 (71.96%)

Note: A/T: anteroposterior to transverse diameter ratio; TMC: thyroid microcarcinoma; VEGF: vascular endothelial growth factor.

Comparison of thyroid ultrasound morphologi-
cal characteristics in TMC patients with differ-
ent VEGF levels

In evaluating thyroid ultrasound morphological
characteristics, significant differences were
observed between the high and low VEGF
groups in terms of maximum diameter, margin
clarity, and capsule invasion (Table 5). The high
VEGF group had a greater percentage of nod-
ules with a maximum diameter > 0.05 mm
(50.47%) compared to the low VEGF group
(31.90%), which was statistically significant
(x2 = 7.947, P = 0.005). The margin was clearer
in the high VEGF group (61.68%) than that in
the low VEGF group (43.10%) (x> = 7.697,
P = 0.006). Additionally, capsule invasion was
more frequent in the high VEGF group (61.68%)
compared to the low VEGF group (44.83%)
(x?> = 6.346, P = 0.012). No significant differ-
ences were found for other parameters, such
as nodularity (unifocal vs. multifocal), ultra-
sound location (unilateral vs. bilateral), aspect
ratio, or margin regularity (all P > 0.05).

Comparison of thyroid ultrasound features in
TMC patients with different VEGF levels

Patients in the high VEGF group exhibited a sig-

nificantly higher prevalence of microcalcifica-
tions (63.55%) compared to those in the low
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VEGF group (37.07%) (x> = 15.614, P < 0.001)
(Table 6). No significant differences were found
in other ultrasound characteristics, including
the halo sign, internal echo pattern, echo uni-
formity, and vascular flow grading (all P > 0.05).

Correlation analysis of thyroid ultrasound
imaging characteristics in TMC patients with
VEGF levels

A positive correlation was observed between
VEGF levels and maximum nodule diameter
(rho = 0.189, P = 0.005), indicating that higher
VEGF levels were associated with larger nodule
sizes. Margin clarity also showed a positive
correlation with VEGF levels (rho = 0.186, P =
0.005), suggesting that nodules with higher
VEGF levels tend to have clearer margins
(Figure 3). Conversely, capsule invasion dem-
onstrated a negative correlation with VEGF lev-
els (rho = -0.169, P = 0.012), indicating less
frequent capsule invasion at higher VEGF lev-
els. The strongest positive correlation was
observed between VEGF levels and microcalci-
fications (rho = 0.265, P < 0.001), highlighting
its strong association with elevated VEGF.

Discussion

This study examined the relationship between
TMC ultrasound imaging characteristics and

Am J Transl Res 2025;17(3):1938-1949
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Table 6. Comparison of thyroid ultrasound features in TMC patients with different VEGF levels

Parameters Low VEGF group (n = 116) High VEGF group (n = 107) X2 P
Halo sign [n (%)] 2.514 0.113
- Present 60 (51.72%) 44 (41.12%)
- Absent 56 (48.28%) 63 (58.88%)
Internal echo [n (%)] 2.012 0.156
- Hypoechoic 86 (74.14%) 70 (65.42%)
- Hyperechoic 30 (25.86%) 37 (34.58%)
Echo uniformity [n (%)] 2.39 0.122

- Uniform 45 (38.79%)

- Non-uniform 71 (61.21%)
Microcalcification [n (%)]

- Present 43 (37.07%)

- Absent 73 (62.93%)
Vascular flow grading [n (%)]

-Grade O 26 (24.14%)

- Grade | 24 (20.69%)

- Grade Il 45 (38.79%)

- Grade Il 21 (18.10%)

31 (29.07%)
76 (70.93%)

15.614 < 0.001
68 (63.55%)
39 (36.45%)

3.018 0.389
16 (14.95%)
21 (19.63%)
43 (40.19%)
27 (25.23%)

Note: TMC, thyroid microcarcinoma; VEGF, vascular endothelial growth factor.

serum levels of TSH and VEGF. One of the most
notable findings was the significant association
between higher TSH levels and specific ultra-
sound characteristics, including increased nod-
ule size, clearer margins, higher prevalence of
capsule invasion, and greater occurrence of
microcalcifications. These results suggest that
elevated TSH levels may contribute to more
aggressive tumor characteristics, which are
detectable on ultrasound imagings.

The relationship between TSH and thyroid
tumor morphology can be partially explained by
TSH’s known role in stimulating thyroid follicu-
lar cells, which promotes the proliferation and
growth of thyroid tumors [16]. Elevated TSH
levels may exert a stimulatory effect on the
tumor microenvironment, fostering tumor grow-
th and potentially enhancing the structural
changes that make nodules more distinguish-
able on ultrasound, as indicated by clearer mar-
gins and larger size [17]. This aligns with the
established understanding that TSH plays a
key role in thyroid cell growth and function, and
its elevated levels may lead to the expansion
of microcarcinomas, thus influencing imaging
characteristics [18]. For example, a study by
Mao et al. [19] found that higher TSH levels
were associated with increased tumor size and
a higher incidence of extrathyroidal extension
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in PTC patients, which supports our findings.
Additionally, a meta-analysis by Liu et al. [20]
reported a significant association between ele-
vated TSH levels and an increased risk of lymph
node metastasis in PTC, further substantiating
the notion that TSH may play a crucial role in
tumor aggressiveness.

Similarly, microcalcifications were more fre-
quently observed in patients with higher TSH
levels. Microcalcifications, often associated
with psammoma bodies, are considered a hall-
mark of PTC and may reflect a pathophysiologi-
cal process driven by increased TSH activity
[21]. Calcification within the thyroid tissue
could indicate both proliferative growth of
neoplastic follicular cells and the subsequent
degeneration of certain cellular components, a
process potentially exacerbated by elevated
TSH [22]. A study by Gao et al. [23] also re-
ported a higher prevalence of microcalcifica-
tions in PTC patients with elevated TSH levels,
supporting our findings.

Moreover, the significant negative correlation
between TSH levels and capsule invasion is a
surprising discovery, suggesting a complex in-
terplay between TSH levels and tumor aggres-
siveness indicators. One plausible explanation
for this inverse relationship is that increasing
TSH levels might play a protective role in reduc-
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Figure 3. Correlation analysis of thyroid ultrasound imaging characteristics in TMC patients with VEGF levels. A: Max-
imum diameter; B: Margin; C: Capsule invasion; D: Microcalcification. Note: TMC: Thyroid microcarcinoma; VEGF:

vascular endothelial growth factor.

ing local invasion [24]. However, this hypothesis
requires further mechanistic studies to better
understand its biological underpinnings.

Our analysis of VEGF provides equally compel-
ling insights. As a key regulator of angiogenesis,
VEGF’s elevated serum levels in TMC patients
were associated with specific ultrasound char-
acteristics, including increased nodule diame-
ter, clearer margins, and a higher incidence of
capsule invasion and microcalcifications. The-
se findings align with VEGF’s role in promoting
vascular growth within tumors, potentially lead-
ing to larger nodule sizes and more pronounced
margins due to increased blood supply to the
proliferating tumor [25-27].

The positive correlation between VEGF levels
and microcalcifications may reflect the inter-
play between angiogenesis and mineral deposi-

1946

tion within the tumor microenvironment. VEGF-
driven angiogenesis can provide nutrients and
growth factors, which support tumor expansion
and structural changes, manifesting as micro-
calcifications [28]. This is consistent with the
understanding that angiogenic inducers like
VEGF not only remodel the vasculature but also
influence the neoplastic pathways of dysplasia
and calcification formation [29].

Interestingly, both TSH and VEGF levels showed
a negative association with capsule invasion,
indicating that higher levels of these factors
might correlate with reduced invasiveness. This
counterintuitive finding challenges the general-
ly accepted view of these hormones promoting
aggressive tumor behavior and suggests the
activation of alternative biological routes or
counterbalancing pathways in response to
increased endocrine stimulation, potentially

Am J Transl Res 2025;17(3):1938-1949
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limiting invasive growth. For instance, a study
by Shi et al. [30] suggested that elevated VEGF
levels might induce a compensatory downregu-
lation of invasive enzymes, thereby reducing
capsule invasion.

The combination of TSH and VEGF in predicting
ultrasound characteristics supports the hypo-
thesis of a synergistic interaction between
endocrine disruption and angiogenic promoter
activity within thyroid tumors [31]. The complex
relationship between these factors and mor-
phological changes may reflect underlying cel-
lular and molecular processes that are not yet
fully understood. This raises questions about
how angiogenesis facilitators like VEGF might
influence or interact with thyroid follicular
responses to TSH, impacting cellular adapta-
tions visible through non-invasive imaging
modalities.

This study highlights the significance of bio-
chemical markers like TSH and VEGF in en-
hancing the diagnostic and prognostic assess-
ment of TMC. Their correlation with imaging
characteristics opens the possibility of inte-
grating serum biomarker evaluations with ultra-
sound features, offering a more comprehensive
understanding of tumor dynamics. This could
inform clinical management strategies and per-
sonalized patient care.

From a clinical perspective, our findings sug-
gest that monitoring TSH and VEGF levels
alongside traditional ultrasound evaluations
could improve early detection of aggressive
TMC phenotypes. Despite these insights, our
study has limitations. First, as a retrospective
analysis, it is constrained by its reliance on
existing records, which may lack certain critical
data or include inconsistencies in measure-
ment techniques, potentially introducing bias
and affecting the reliability of the findings.
Additionally, the study sample, drawn from a
single medical center, may not fully represent
the broader population, limiting the generaliz-
ability of the results. The study also did not
control for potential confounding variables,
such as variations in patients’ medical histori-
es or environmental factors, which could inde-
pendently influence serum TSH and VEGF lev-
els or ultrasound findings. Furthermore, while
correlations were observed, the causal mecha-
nisms were not explored, highlighting the need
for further prospective, longitudinal studies to
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validate these associations and clarify the
underlying biological processes.

In conclusion, this study reveals a significant
relationship between hormonal and angiogenic
biomarkers and ultrasound imaging traits, pro-
viding insights into the biological behavior of
TMC. It emphasizes the need for further mech-
anistic studies to explore the fundamental bio-
logical basis of these correlations, potentially
leading to more effective management strate-
gies for thyroid cancer.
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