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ABSTRACTS

Introduction: The etiology of thyroid cancer remains unclear. Previous studies have supported the
hypothesis that cadmium, may contribute to the development of thyroid cancer.

Objectives: To assess cadmium concentrations in thyroid tissue and blood samples, and to evaluate
the association between these concentrations and thyroid cancer state.

Methods: A descriptive cross-sectional study was conducted on 282 patients who underwent
partial or total thyroidectomy at Cho Ray Hospital. Cadmium concentrations in blood and tissue
were determined. The association between Cadmium in blood, thyroid tissue and thyroid cancer
stage was assessed by a logistic regression model.

Results: Cadmium levels in blood and tissue samples were higher in patients with cancer tumor
node metastasis stage (TNM) stage 2 and 4 compared to stage 1. Logistic regression analysis
showed that blood cadmium in the TNM stage 2 and 4 groups were significantly higher than those
in stage 1 group (OR =1.355; 95% CI: 1.176-1.56; p < 0.001). Elevated cadmium levels in thyroid
tissue were also positively associated with TNM stages 2 and 4 compared to stage 1 (OR = 1.005;
95% CI: 1.001-1.008; p = 0.007).

Conclusion: Cadmium concentrations in thyroid tissue and blood samples are associated with
thyroid cancer stage.

Keywords: association; cadmium; thyroid cancer.

RESUMEN

Introduccion: La etiologia del cancer de tiroides sigue siendo incierta. Estudios previos han
respaldado la hipétesis de que el cadmio podria contribuir a su desarrollo.

Objetivos: Evaluar las concentraciones de cadmio en el tejido tiroideo y en muestras de sangre, y
evaluar la asociacion entre estas concentraciones y el estado de cancer de tiroides.

Meétodos: Se realiz6 un estudio descriptivo transversal en 282 pacientes sometidos a tiroidectomia

parcial o total en el Hospital Cho Ray. Se determinaron las concentraciones de cadmio en sangre y
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tejido. La asociacion entre el cadmio en sangre, tejido tiroideo y el estadio del cancer de tiroides
se evalué mediante un modelo de regresion logistica.

Resultados: Los niveles de cadmio en muestras de sangre y tejido fueron mas altos en pacientes
con metastasis ganglionar tumoral (TNM) en estadios 2 y 4 en comparacion con el estadio 1. El
andlisis de regresion logistica mostr6 que el cadmio en sangre en los grupos TNM en estadios 2 y
4 fue significativamente mas alto que en el grupo de estadio 1 (OR = 1,355; IC del 95 %: 1,176-
1,56; p < 0,001). Los niveles elevados de cadmio en el tejido tiroideo también se asociaron
positivamente con los estadios TNM 2 y 4 en comparacién con el estadio 1 (OR = 1,005; IC del
95 %: 1,001-1,008; p = 0,007).

Conclusion: Las concentraciones de cadmio en tejido tiroideo y muestras de sangre se asocian con
el estadio del cancer de tiroides.

Palabras clave: asociacion; cadmio; cancer de tiroides.
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INTRODUCTION

Thyroid cancer is one of the most common endocrine malignancies worldwide. In Vietnam, the
number of thyroid cancer cases in Hanoi and Ho Chi Minh City is projected to increase from 2,020
cases in 2020 to 2,971 cases by 2025, making it one of the five most prevalent cancers in the
country by 2025®. Thyroid cancer is associated with a significant economic burden and reduced
quality of life, making it an important national health issue. Various efforts have been made to
identify the causes of thyroid cancer. Although radiation exposure, elevated thyroid-stimulating
hormone levels, overweight, insulin resistance, and environmental pollution have been identified

as risk factors for thyroid cancer, these conclusions have yet to be definitively confirmed.
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Identifying potential contributing factors to the development of thyroid cancer is therefore of great
importance.

Cadmium (Cd) is a common toxic heavy metal, known as an endocrine disruptor affecting the
thyroid gland and a carcinogen. The International Agency for Research on Cancer (IARC)
classifies cadmium as a human carcinogen @. A study conducted in South Korea demonstrated an
association between heavy metal concentrations in blood and tissue and the staging of thyroid
cancer in women®, Therefore, cadmium (Cd) has become a major focus in research on the causes
of thyroid cancer. In Vietnam, the association between thyroid cancer staging and Cd
concentrations in tissue and blood has not been extensively analyzed. Thus, this study aims to
compare Cd levels between patients with malignant thyroid nodules and those with benign thyroid
nodules. Additionally, the relationship between Cd concentrations in thyroid tissue and blood

samples of thyroid cancer patients and the stage of thyroid cancer were analyzed.

METHODS
Study Design

This study was a descriptive cross-sectional study with control. The Cd concentrations in blood,
thyroid tissue of the case and control groups at the time of the study were compared. In addition,
the relationship between Cd in blood, thyroid tissue and thyroid cancer stage was analyzed.
Study Participants
Study subjects were selected from October 1, 2024, to April 30, 2025, at Cho Ray Hospital.
Inclusion criteria
For the case group, inclusion criteria for case groups were patients presenting with clinical
suspicion of thyroid nodules, who underwent thyroid ultrasound and were classified as Thyroid
Imaging, Reporting and Data System (TIRADS) 4 or 5. Patients who underwent partial or total
thyroidectomy with nodules, and postoperative histopathological results confirmed carcinoma
were selected for the disease group (n = 217). At the time of diagnosis, the patient had not received

any specific treatment. The patients agreed to participate in the study.
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For the control group, inclusion criteria were patients presenting with clinical suspicion of thyroid
nodules, who underwent thyroid ultrasound and were classified as Thyroid Imaging, Reporting and
Data System (TI-RADS) 4 or 5. Patients who underwent partial or total thyroidectomy with
nodules, with postoperative histopathology confirming benign lesions were selected for the control
group (n = 65). The patients agreed to participate in the study.
Exclusion criteria
Cases of secondary tumors (tumors not originating from the thyroid gland but metastasizing from
other regional tumors); patients with other thyroid diseases such as acute thyroiditis, active
Basedow’s disease, hyperthyroidism or hypothyroidism; individuals with a history of any chronic
diseases including chronic liver disease, liver dysfunction, cardiovascular diseases, rheumatic,
neurological, and/or autoimmune disorders; pregnant or breastfeeding women were excluded.
Ultimately, 217 patients with postoperative histopathological diagnosis of Carcinoma were
assigned to the case group, while 65 patients with benign histopathological results were selected
as the control group.
Variables
Analytic variables included: Blood Cd; Tissue Cd; TNM staging (AJCC 8th edition); T (tumor); N
(lymph node); M (metastasis).
Analysis of heavy metals

Chemicals
Standard solutions of Cd, (1000 ppm) were purchased from Merck (Darmstadt, Germany). Sulfuric
acid (H2S04 98%), nitric acid (HNOs 65%), hydrogen peroxide (H20-), perchloric acid (HCIO4
70%) were also purchased from Merck. All of the chemical solutions were freshly prepared each
day. The standard curve solutions were diluted with HNO3 (1%).
Thyroid tissue and blood collection
To analyze heavy metals in blood and thyroid tissue samples, specimens were collected as follows:
2 mL of venous blood was drawn into tubes containing heparin as an anticoagulant. For tissue
samples, approximately 0.5 grams of normal thyroid tissue surrounding the nodule was obtained

during surgery, wrapped in sterile gauze, and placed into 50 mL Falcon tubes containing
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physiological saline. After collection, samples were stored at temperatures between 0 and 4 °C in

sample storage boxes, then immediately transported to the laboratory and stored at 20 °C until
analysis. Blood cadmium concentrations were compared with the reference values from ISTISAN
10/22.0)

Microwave sample preparation
Accurately weighed 0.5 g of thyroid tissue sample and 2 mL of blood sample. The thyroid tissue
and blood samples were digested using a mixture of HNOs, H2SO4, and HCIO4 in a ratio of 10:1:1,
combined with 5 mL of H20O, in the Multiwave PRO microwave reaction system (Anton Paar
GmbH, Graz, Austria).
First, samples were placed into Teflon digestion tubes, and then the digestion mixture (HNOs,
H>SO4, HC1O4, H202) was added. After gentle shaking for 20 minutes to initiate the digestion
reaction, the tubes were placed in the Multiwave PRO system to complete sample digestion
(USEPA, 1996). The temperature program was set as follows: heating to 170 °C for 5 minutes and
holding for 10 minutes; then increasing to 200 °C and holding for 15 minutes, followed by cooling
to room temperature. After digestion, the sample solution was expected to be clear and transparent.
The digested samples were then diluted with 1% HNO:s to a final volume of 5 mL prior to analysis.
The dilution factor for cadmium (Cd) was calculated accordingly 5.

Analysis of Cd

Heavy metals in the samples were analyzed at the Laboratory of the Department of Military
Hygiene, Vietnam Military Medical University.
Atomic Absorption Spectrophotometry (AAS) (Model AZ3000, Hitachi Ltd., Tokyo, Japan) was
used for quantification. Cadmium (Cd) was measured using the graphite furnace method at a
wavelength of 228.8 nm, slit width of 1.3 nm, and lamp current of 7.5 mA. The limit of detection
(LOD) for Cd was 1 ppb. A standard calibration curve was constructed using at least five
concentration points for each element. The conditions and temperature programs used for

determining Cd levels are detailed in table 1.
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Table 1 - Instrument settings and furnace programmes for analysis of Cd by AAS

Start Temperature | End Temperature . . Gas Flow
Temperature program Ramp time (s) | Hold Time (s) .
Q) ®) (mL/ min)
Dry 80 140 40 200
Ash 300 300 20 200
Atomize 1500 1500 5 30
Clean 2800 2800 4 200
Cool 10 200

The standard concentrations for cadmium (Cd) were 0, 1, 5, 10, and 20 ppb. A correlation
coefficient of 99.99% indicated a highly linear relationship across the studied concentration range.
To check the accuracy of the method, the percentage recoveries were analyzed and quantified. The
recovery coefficients for in samples of thyroid tissue and blood after adding the spiked sample
were calculated, ranging from 94.05% to 95.06% for Cd. The values of these recovery coefficients
indicated that the method was highly accurate and could be used for the analysis of heavy metals.
Histopathological examination and TNM staging of thyroid cancer
Details of thyroid surgery included partial or total thyroidectomy, histopathological results (tumor
size), and TNM staging. Tumor size was defined as the largest diameter of the carcinoma based on
postoperative biopsy results. All patients were staged according to the TNM classification
(tumor/lymph node/metastasis) following the American Joint Committee on Cancer (AJCC) 8th
edition.®
Statistical analysis

The concentrations of heavy metals were expressed based on five replicate measurements of Cd.
Data were analyzed using one-way analysis of variance (ANOVA). All statistical analyses were
performed with SPSS software (version 19.0, IBM Corp., Armonk, NY, USA). The results of Cd
in blood and thyroid tissue samples were presented as mean [standard deviation (SD)] and
minimum and maximum values. The categorical variables are expressed as numbers and
percentages of total subjects. Logistic regression analysis was conducted to estimate odds ratios

(OR) and 95% confidence intervals (CI) for the association between Cd concentrations in tissue
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and blood samples of thyroid cancer patients and cancer staging. A p-value < 0.05 was considered
statistically significant.

Ethical considerations
This study was approved by the Ethics Committee under Decision No. 1178/QD-VSR of the
National Institute of Malariology, Parasitology and Entomology on December 8, 2023, and by the
Ethics Committee for Biomedical Research under approval No. 1912/GCN-HbDbD dated
December 3, 2024, of Cho Ray Hospital.

RESULTS

Histopathological results and staging of thyroid cancer

Table 2 shows that among the 282 study subjects, 217 patients were diagnosed with thyroid cancer.
When categorized by the TNM staging system for thyroid cancer, the most common stage was
stage 1, accounting for 170 patients (78.34%), followed by stage 2 and stage 4, representing 21.19%
and 0.47%, respectively. No patients were classified in stage 3.

Furthermore, the T (tumor) staging results indicated that most patients were at stage T3, comprising
116 cases (53.45%), while 89 patients (41.01%) were at stage T1. The N (lymph node) staging
showed that 34 patients (15.66%) had lymph node metastasis (N1). There was one patient (0.5%)
with distant metastasis (M1).
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Table 2 - Histopathological Results and Thyroid Cancer Staging

. . Case group (n = 217) TNM staging Case group (n = 217)

TNM staging (AJCC 8th edition) o
Quantity | Percentage (%) | (AJCC 8th edition) | Quantity | Percentage (%)

Cancel Staging (TNM) - Cancel Staging -
Stage 1 170 78.34 N (lymph node) -
Stage 2 46 21.19 NO 183 84.33
Stage 4 1 0.47 N1 34 15.66
T (tumor) - M (metastasis) -
T1 89 41.01 MO 216 99.5
T2 5 2.3 M1 1 0.5
T3 116 53.45 -
T4 7 3.1 -

The comparison of Cd concentrations in thyroid tissue and blood samples of

thyroid cancer patients and control group

Table 3 compares the mean cadmium (Cd) concentrations in tissue and blood samples between the
case group and the control group. There was a significant difference in Cd levels between the two
groups. The mean blood Cd concentration in thyroid cancer patients was 1.75 pg/L (n = 217),
whereas in the control group it was 1.27 pg/L (n = 65). While 31.33% of thyroid cancer patients
had blood Cd concentrations exceeding the permissible limit, only 4.60% of the control group

exceeded this threshold. Additionally, the mean Cd concentration in tissue samples was 165.95

pg/kg (weight) for the thyroid cancer group and 161.79 pg/kg (weight) for the control group.

http://scielo.sld.cu
https://revmedmilitar.sld.cu

Bajo licencia Creative Commons @IOE‘I@]



http://scielo.sld.cu/
https://revmedmilitar.sld.cu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Revista Cubana de Medicina Militar

2025:54(4):025076911

Table 3 - Cadmium concentrations in thyroid tissue and blood samples of thyroid cancer patients and

control group

Thyroid cancer (n = 217) Control group (n = 65)
References
Percentage Percentage
Cd sample . . values from
. exceeding . exceeding
Min-Max Mean + SD Min-Max Mean + SD ISTISAN 10/22
References References
values values
Blood cadmium
0-8.78 1.75+2.22 31.33% 0-8.65 1.27+£2.20 4.6% 0.25-1.97 (ug/L)
(ng/L)
Tissue cadmium .
0-368.2 165.95 + 96.8 - 0-361.47 161.79 + 95.85 - Not available
(ng/kg weight)

Comparison of Cd concentrations in thyroid tissue and blood samples by

thyroid cancer stage
The comparison of Cd concentrations in blood and tissue samples across thyroid cancer stages is
presented in table 4. Blood Cd levels in patients at TNM stage 1 were significantly lower than those
in stages 2 and 4, with mean values of 1.40 pg/L and 3.00 ug/L, respectively (p < 0.001).
Comparing Cd levels by T stage showed that the > T2 group had significantly higher blood Cd
concentrations than the T1 group, with means of 1.99 pg/L and 1.40 pg/L, respectively (p < 0.05).
There was no statistically significant difference in blood Cd concentration between NO and N1
groups. Cd concentrations in tissue samples were higher in TNM stages 2 and 4 compared to stage
1 (p <0.002). However, no significant difference was observed in tissue Cd levels between T1 and

> T2 groups.
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Table 4 - Comparison of Cd concentrations according to TNM stage of thyroid cancer

. o Blood cadmium (pg/L) Tissue cadmium (pg/kg
TNM staging (AJCC 8th edition) .
Mean + SD weight) Mean + SD

Stage 1 1.40+1.93 156.16+102.89
Cancer stage
(TNM) Stages 2, and 4 3.00+2.59 201.37+£78.80

p value <0.001 0.002

T1 1.40+1.77 163.16+106.28
T (tumor) >T2 1.99+2.41 167.89+95.37

p value 0.042 0.732

NO 1.72+2.16 166.46+98.60
N (node of lymph) N1 1.89+2.37 163.21+107.39

p value 0.682 0.862

Odds ratios (OR) for Cd concentrations in tissue and blood samples by thyroid

cancer stage

Based on the statistically significant Cd concentrations shown in table 4, the association between
heavy metal levels in tissue and blood samples and thyroid cancer stages were analyzed (table 5).
Logistic regression analysis revealed that blood Cd concentrations were higher in the TNM stage
2 and 4 groups compared to the TNM stage 1 group (OR = 1.355; 95% CI: 1.176-1.56; p < 0.001).
For the progressive tumor stage group (> T2), logistic regression showed higher blood Cd
concentrations compared to the T1 group, although this difference was marginally non-significant
(OR = 1.137; 95% CI: 0.997-1.297; p = 0.056). High Cd concentrations in tissue samples were
positively associated with TNM stages 2 and 4 compared to stage 1 (OR = 1.005; 95% CI: 1.001—
1.008; p = 0.007).

http://scielo.sld.cu
https://revmedmilitar.sld.cu

Bajo licencia Creative Commons @I@E‘I@]


http://scielo.sld.cu/
https://revmedmilitar.sld.cu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Revista Cubana de Medicina Militar

-

2025:54(4):€025076911

Table 5 - Logistic regression analysis according to thyroid cancer stage

Cancer stage (TNM) T (tumor) N (node of lymph)
_ OR (95% ClI) OR (95% CI) OR (95% ClI)
Variables
Stage1l | Stages2,and4 | pvalue T1 >T2 p value NO N1 p value
(n=170) (n=47) (n=89) (n=128) (183) (n=34)
Blood cadmium 1.355 1.137 1.035
1.000 <0.001 1.000 0.056 1.000 0.681
(ng/ L) (1.176-1.56) (0.997-1.297) (0.879-1.218)
Tissue cadmium 1.005 1.000 1.000
) 1.000 0.007 1.000 0.731 1.000 0.861
(ug/ kg weight) (1.001-1.008) (0.998-1.003) (0.996-1.003)
DISCUSSION

Histopathological findings and thyroid cancer staging

According to the TNM classification, this study included 89 patients at stage T1, and only 7 patients
at stage T4. The numbers of patients at stages T2 and T3 were 5 and 116, respectively. The number
of patients without lymph node metastasis (NO) and with lymph node metastasis (N1) were 183
and 34, respectively. There was one patient diagnosed with distant metastasis (M1).

Park E et al.®) found that chronic accumulation of Cd in thyroid tissue promotes the progression
of thyroid cancer. In this study, the mean Cd concentrations in thyroid tissue for the TNM stage 1
group and the combined TNM stages 2 and 4 group were 156.16 and 201.37 ug/kg, respectively
(p = 0.002). Similarly, Cd levels in blood samples were significantly higher in TNM stages 2 and
4 compared to stage 1 (p < 0.001). It is somewhat difficult to compare these results with previous
studies conducted in Vietnam due to the limited number of reports investigating the relationship
between Cd concentrations in tissue samples and thyroid cancer. Therefore, this study was
compared to several international studies.

High concentrations of Cd in blood and tissue may be one of the contributing factors to the
development of thyroid cancer. The thyroid gland is an organ where Cd can accumulate throughout
a person's lifetime. This accumulation may lead to various thyroid dysfunctions. Therefore, Cd

levels in blood and tissue are important factors that warrant thorough investigation.
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In this study, Cd concentrations in tissue and blood samples between subjects with
histopathological results of malignant thyroid nodules and those with benign thyroid nodules were
compared. Cd is more toxic than Pb and Hg, and is classified as a human carcinogen @. These
results indicate that blood Cd concentrations in the thyroid cancer group were higher than those in
the control group. These findings are consistent with the conclusions of several previous studies.
However, the mean blood Cd concentration in this study was lower than that reported by Shao R
etal.() (2.085 pug/L), which analyzed heavy metal concentrations in patients with hyperthyroidism,
hypothyroidism, and thyroid cancer. They reported that Cd concentrations were higher in the
disease group compared to the control group. In current study, Cd concentrations in thyroid tissue
were also higher in the cancer group than in the control group. These findings suggest that Cd may
be a potential carcinogenic factor for the thyroid gland.

Comparison of heavy metal concentrations by thyroid cancer stage
Different stages of thyroid cancer and the concentrations of heavy metals in blood and tissue
samples were analyzed in this study. Cd concentrations in both blood and tissue showed a positive
correlation with thyroid cancer stages as classified by the TNM staging system. Compared to
patients with TNM stage 1 disease, those at stages 2 and 4 had higher Cd levels in both tissue and
blood samples. Therefore, in this study, Cd may be considered a potential risk factor contributing
to the progression of thyroid cancer. Comparison between this findings and previous international
studies also suggests a correlation between Cd concentrations in the blood and tissue of thyroid
cancer patients and the stage of the disease.®?

A similar conclusion was also demonstrated by He JL et al.®? in their study on patients with thyroid
cancer. Their findings indicate that more advanced cancer stages are associated with higher Cd
concentrations, and confirmed a positive association between thyroid cancer and urinary Cd levels.
Based on the above findings, it can be shown that there is a relationship between cadmium (Cd)
accumulation and the progression of thyroid cancer. The toxic effects of Cd on thyroid function
may occur at both the cellular and peripheral levels through various mechanisms. At the cellular
level, excessive accumulation of cadmium in the thyroid gland may affect transcriptional activity

or cellular signaling pathways, leading to activation of mitogenic cascades such as proto-oncogene
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expression, DNA synthesis, and cell proliferation, thereby acting as a potential carcinogen. At the
peripheral level, Cd has been shown to disrupt thyroid hormone homeostasis @Y. In this study, Cd
concentrations in both tissue and blood were positively associated with thyroid cancer stage. This
may reflect that Cd could be a contributing factor in the progression or aggravation of thyroid
cancer.

The main of this study is its cross-sectional design. To our knowledge, this is among the first studies
in Vietnam to concurrently measure cadmium in blood and thyroid tissue in relation to thyroid
cancer stage. In summary, Cd concentration in the cancer group was higher than that in the control
group. This study found that high cadmium (Cd) concentrations in both blood and thyroid tissue
were associated with more advanced stages of thyroid cancer, as classified by the TNM staging
system.

Cadmium concentrations in thyroid tissue and blood samples are associated with thyroid cancer
stage.
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