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Abstract

Alpha-fetoprotein (AFP) is a biomarker commonly used in the diagnosis of various malig-
nancies but may also be elevated in non-neoplastic conditions, including hypothyroidism.
We report the case of a 3-year-old girl with Down syndrome (DS) and newly diagnosed
hypothyroidism, who presented with a hypoechoic oval lesion adjacent to the thymic
parenchyma on ultrasound and markedly elevated AFP levels (169.2 ng/mL). Further
investigations, including MRI, excluded the presence of germ cell tumors. Following initia-
tion of levothyroxine therapy, AFP levels normalized in parallel with thyroid function. No
evidence of malignancy was detected despite the initial suspicion. This case underscores
the association between elevated AFP and hypothyroidism, highlighting the importance
of evaluating thyroid status in patients with increased AFP to avoid unnecessary onco-
logical investigations. In particular, elevated AFP in the context of hypothyroidism and
DS warrants careful thyroid assessment and follow-up to prevent redundant diagnostic
procedures and reduce patient and family anxiety. Thyroid function testing should be
considered before extensive oncological evaluation in children with elevated AFP.

Keywords: hypothyroidism; Hashimoto’s thyroiditis; trisomy 21; Down syndrome; alpha-
fetoprotein

1. Introduction
Alpha-fetoprotein (AFP) is a well-established biomarker for malignancies of endoder-

mal origin, including germ cell tumors, hepatoblastoma, and hepatocellular carcinoma [1].
However, AFP is a tumor-associated rather than a tumor-specific protein, and elevated
concentrations may also be observed in several non-neoplastic conditions [Hanif]. These
include physiological states such as pregnancy and infancy, as well as pathological con-
ditions such as liver disease, liver regeneration, and ataxia–telangiectasia [1–7]. Primary
hypothyroidism has likewise been reported as a potential cause of AFP elevation, although
the underlying mechanisms remain unclear [8,9]. In this context, we describe the case
of a young girl with trisomy 21/Down syndrome (DS) and newly diagnosed hypothy-
roidism who presented with markedly increased AFP levels, initially raising concerns
for malignancy.
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2. Case Presentation
A 3-year-old Bengali girl with DS, diagnosed at birth, was referred after the incidental

detection of hypothyroidism. Her past medical history included corrective cardiac surgery
at the age of two for an atrial septal defect, followed by persistent pulmonary hyperten-
sion managed with phosphodiesterase-5 inhibitors. Previous thyroid function tests had
consistently been within the normal range.

During a routine well-child visit, her pediatrician noted isolated bradycardia (heart
rate 50–55 bpm) and significant weight gain (3 kg over eight months). Laboratory evalua-
tion revealed severe primary hypothyroidism, with markedly elevated thyroid-stimulating
hormone (TSH > 489 µIU/mL; reference range 0.79–5.85) and low thyroid hormone levels
(free thyroxine, fT4 < 2.5 pg/mL; reference 6.1–10.6; free triiodothyronine, fT3 1.9 pg/mL;
reference 2.6–4.0). There was no family history of thyroid disease. Treatment with levothy-
roxine (50 µg/day; 3.5 µg/kg/day) was initiated, and the patient was referred to the
pediatric endocrinology unit for further assessment.

Two days after starting therapy, repeat testing confirmed persistent hypothyroidism
(TSH > 489 µIU/mL; fT4 4.3 pg/mL; fT3 2.5 pg/mL). Autoimmune thyroiditis was sug-
gested by markedly elevated anti-thyroid antibodies (anti-thyroid peroxidase 6354 IU/mL;
reference < 9; anti-thyroglobulin 28.4 IU/mL; reference < 4) and by thyroid ultrasonography,
which showed diffuse enlargement with hypoechoic echotexture and increased vascularity
on Doppler imaging. In addition, a hypoechoic oval lesion (approximately 20 × 8 × 11 mm)
with a solid echostructure was detected adjacent to the thymic parenchyma (Figure 1).

 

Figure 1. Transverse high-frequency linear ultrasound scan at the left jugular region showing a
hypoechoic oval lesion (11.6 × 9.1 mm) located within the thymic parenchyma, medial to the internal
jugular vein and anterior to the carotid artery. The arrow indicates the thymus; crosses (+) mark
the margins of the lesion used for measurement; the numbers (1, 2) correspond to the orthogonal
diameters of the lesion.

Given these findings, the patient was referred to the pediatric oncology unit. Tumor
marker testing revealed elevated alpha-fetoprotein (AFP 169.2 ng/mL; reference range
0.8–5.0), with normal liver enzyme levels. To exclude germ cell tumors, a whole-body MRI
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under sedation was performed 10 days after the initiation of levothyroxine therapy. The
scan showed no pathological masses but revealed several solid nodules in the paratracheal
and laterocervical regions (levels 2R and 2L), one of which was contiguous with the upper
left margin of the thymus, consistent with lymph nodes (Figure 2).

 

Figure 2. Axial magnetic resonance imaging of the neck (slice thickness 3 mm; TR 4691, TE 100):
(a) Axial T2-weighted sequence showing a mildly hyperintense solid tissue within the left jugular
region (arrow). (b) Axial SPAIR sequence confirming the same finding with fat suppression (arrow).
(c) Axial DWIBS sequence demonstrating restricted diffusion in the same 11 mm jugular lesion,
corresponding to the ultrasound finding and compatible with a lymph node (arrow).

Blood tests repeated over the following weeks showed a gradual normalization of
AFP levels, occurring in parallel with the restoration of thyroid function (Table 1, Figure 3).
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Table 1. Blood test results during the patient’s follow-up: thyroid-stimulating hormone (TSH), free
triiodothyronine (fT3), free thyroxine (fT4) and alpha-fetoprotein (AFP). Normal values (n.v.) are
reported in brackets.

Day TSH (µUI/mL)
(n.v. 0.79–5.85)

fT3 (pg/mL)
(n.v. 2.6–4.0)

fT4 (pg/mL)
(n.v. 6.1–10.6)

AFP (ng/mL)
(n.v. 0.8–5.0)

Levothyroxine Dose
(mcg/kg/day)

0 >489.00 1.9 <2.5 - 3.5
2 >489.00 2.5 4.3 169.1 3.5
10 194.90 3.7 6.2 86.7 3.5
18 10.25 4.3 14.3 24.3 3.5
40 4.50 4.2 11.9 12.3 2.5
65 0.75 4.3 14.4 13.1 1.7

108 37.89 3.4 9.1 19.1 2.2
142 40.14 3.2 7.1 - 2.7
178 7.78 3.4 11.1 - 2.7
231 0.69 3.4 15.2 - 2.1
261 0.05 2.2 10.9 2.4 1.9
359 76.30 3.0 7.5 29.2 2.6
404 3.24 3.1 10.3 10.3 2.6
439 38.64 3.6 7.7 - 2.8
471 5.63 3.2 10.6 - 2.6
506 25.68 3.1 9.1 11.2 3.2
534 17.08 3.6 10.9 12.0 3.6
586 0.78 2.3 14.4 - 2.6
648 0.59 4.6 13.7 7.3 2.1
713 11.94 - 8.9 3.8 1.7
735 0.41 1.4 7.3 - 1.5
743 30.78 2.8 10.7 4.2 1.7
762 2.16 2.7 13.0 - 1.7

Serum AFP, TSH, fT3. and fT4 were measured using chemiluminescent immunoassays with paramagnetic particles
(Access Immunoassay Systems. DxI 800 analyzer; Beckman Coulter, Brea, CA, USA). Calibration was performed
every 28 days for all assays, except for TSH, which is calibrated every 63 days according to the manufacturer’s
specifications. The assays are routinely monitored for potential interferences including hemolysis, lipemia, and
icterus. For thyroid hormones, biotin-independent reagents were used to minimize analytical bias. The AFP
assay showed no interference from common endogenous or exogenous substances at the tested concentrations
(acetaminophen, aspirin, bilirubin, hemoglobin, triglycerides, hCG, prednisolone, and others), as indicated by the
manufacturer’s data. Interference testing for heterophile antibodies and rheumatoid factor was not required, as
reagent blocking agents are incorporated in the assay design and serial measurements showed consistent results.
Reference intervals were those validated for the pediatric population in our laboratory: AFP 0.8–5.0 ng/mL, TSH
0.79–5.85 µIU/mL, fT3 2.6–4.0 pg/mL, fT4 6.1–10.6 pg/mL.

 
Figure 3. Trend of thyroid-stimulating hormone (TSH, µIU/mL; red line) and alpha-fetoprotein
(AFP, ng/mL; green line) after the start of levothyroxine therapy, during follow-up. Both parameters
showed a parallel trend, with AFP progressively normalizing as thyroid function improved under
levothyroxine therapy. Both axes are plotted on a logarithmic scale to allow comparison of parameters
with different orders of magnitude.

Linear regression analysis was performed to explore the relationship between AFP and
thyroid function parameters using a simple linear model (AFP as the dependent variable.
TSH or fT4 as independent variables) based on 14 serial measurements collected from day 0
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to day 743 and shown in Table 1. Analyses were performed using Jamovi software (version
2.3.28.0). The analysis demonstrated a significant direct correlation between AFP and TSH
(R2 = 0.97, p < 0.001) (Figure 4a), and between AFP and fT4 (R2 = 0.50. p = 0.005). When
the two extreme values at days 2 and 10 were excluded, no significant relationship was
observed between AFP and fT4 (R2 < 0.01, p = 0.78), while the model fit for TSH decreased
(R2 = 0.39, p = 0.031) (Figure 4b), confirming that high TSH values correspond to high AFP
values. whereas the relationship became weaker as TSH normalized.

Figure 4. Scatterplots showing the relationship between alpha-fetoprotein (AFP) and thyroid stimulat-
ing hormone (TSH) levels: (a) the full dataset including all 12 serial measurements; (b) excluding the
two extreme TSH values recorded at days 2 and 10. Shaded areas represent 95% confidence intervals.

To rule out the rare possibility of Van Wyk–Grumbach syndrome (the triad of hypothy-
roidism, isosexual precocious puberty, and ovarian mass) [10], pelvic ultrasonography
and gonadal function tests were performed. The results excluded precocious puberty and
ovarian involvement (undetectable 17β-estradiol; LH 0.2 mIU/mL; FSH 4.9 mIU/mL; no
ovarian masses and prepubertal morphology of the uterus and ovaries).

Seven months after the initiation of levothyroxine therapy, the patient was clinically
well and asymptomatic, with AFP levels fully normalized. During the subsequent two years
of follow-up, mild transient increases in AFP were observed whenever therapy adjustments
were required due to impaired thyroid function. Semi-annual ultrasound examinations
showed no changes in the size or characteristics of the lymph nodes in the thymic area.
Given the consistent clinical, biochemical, and imaging stability, cytological or histological
evaluation was not pursued.

Written informed consent has been obtained from the patient’s parents to publish
this paper.

3. Discussion
Autoimmune hypothyroidism occurs more frequently in children with DS than in

the general pediatric population. with prevalence rates reported from 5% up to 30–40%,
especially for subclinical forms, and typically onset at a younger age (often in the first
years of life) [11–13]. While the association between hypothyroidism and elevated AFP was
first described over three decades ago, more recent evidence links congenital and acquired
hypothyroidism in children to marked AFP elevations.

The remarkable aspect of this case was the incidental finding of a cervical mass on
thyroid ultrasound associated with markedly elevated AFP, a biomarker of germ cell
tumors, whose incidence is increased in individuals with DS [14]. In our patient, the
absence of suspicious lesions on MRI combined with AFP normalization parallel to the
restoration of thyroid function strongly supports a causal relationship.
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AFP is a glycoprotein produced during gestation primarily by the fetal yolk sac
and liver. Serum levels are therefore markedly elevated at birth, gradually decreasing to
10–20 ng/mL during the first year of life. By the age of two years, mean values are around
8 ng/mL (95.5% CI, 0.8–87), but adult reference values are not yet reached [15]. To date, no
studies have systematically evaluated AFP concentrations in children older than two years
or in those with DS.

Increased AFP is a well-recognized biomarker in endodermal-derived malignancies,
such as germ cell tumors, hepatoblastoma, and hepatocellular carcinoma. Nevertheless,
AFP should be interpreted with caution because values are age-dependent and because AFP
is a tumor-associated rather than a tumor-specific protein [1–9] (Table 2). Although levels
above 500 ng/mL are rarely associated with benign conditions, tumor marker assessment
must always be integrated with clinical and imaging findings [16].

Table 2. Causes of elevated alpha-fetoprotein (AFP) in children.

Category Examples

Physiological
Pregnancy (maternal source)
Infancy (first year of life)
Prematurity

Hepatic

Acute or chronic hepatitis
Liver regeneration
Cirrhosis
Neonatal cholestasis
Biliary atresia
Inherited metabolic liver diseases (e.g.,
tyrosinemia type I, citrin deficiency)
Metabolic dysfunction-associated steatotic liver
disease (MASLD)

Genetic syndromes

Ataxia-telangiectasia
Fanconi anemia
Bloom syndrome
Nijmegen breakage syndrome
Other DNA repair disorders

Endocrine/Metabolic
Congenital or acquired hypothyroidism
Metabolic syndromes
Van Wyk–Grumbach syndrome

Tumoral

Germ cell tumors (yolk sac tumor, mixed germ
cell tumor)
Hepatoblastoma
Hepatocellular carcinoma

Iatrogenic/Treatment-related

Liver regeneration after chemotherapy or partial
hepatectomy
Anabolic steroid therapy
Androgen-secreting tumors or exogenous
androgen exposure

The association between hypothyroidism and AFP elevation was first described in
1989, when Hashimoto and Matsubara reported elevated tumor markers, including AFP, in
adult women with hypothyroidism, with direct correlation to TSH and inverse correlation to
thyroid hormones [8]. Notably, AFP values in that cohort (6 ± 0.3 ng/mL) were significantly
lower than those observed in our case. In contrast, a subsequent study reported AFP levels
ranging from 166 to 695 ng/mL in children with congenital hypothyroidism (mean age
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7.5 ± 6.5 years), compared to 25–30 ng/mL in healthy controls, again with significant
correlation to TSH and inverse correlation to fT4 and age [9].

The recent literature has significantly expanded our understanding of thyroid-
hormone-dependent regulation of AFP. In hepatocytes and hepatocellular carcinoma
models, triiodothyronine (T3) acting through thyroid hormone receptors (TRs) down-
regulates AFP transcription both directly—via TR binding to negative thyroid response
elements in the AFP promoter—and indirectly, by repressing the long non-coding RNA
taurine upregulated gene 1 (TUG1), which positively regulates AFP expression and tu-
mor cell proliferation [17–19]. In parallel, T3-dependent gene regulation in other tissues
involves chromatin-level mechanisms, including changes in histone acetylation and DNA
methylation, highlighting the potential for epigenetic regulation of thyroid-responsive
genes [20].

At the post-transcriptional level, miR-122 is one of the most abundant liver-enriched
microRNAs and a key regulator of hepatocyte differentiation and metabolic homeostasis. In
AFP-producing gastric cancer and hepatocellular carcinoma, miR-122 expression in tissue
and plasma correlates with AFP levels and malignant potential, and circulating miR-122
improves the diagnostic performance of AFP as a biomarker [21,22]. These converging
data support a mechanistic framework in which impaired thyroid hormone signaling
may facilitate AFP upregulation by removing TR-mediated transcriptional repression
and perturbing non-coding RNA networks (such as TUG1- and microRNA-dependent
pathways), although direct evidence in primary hypothyroidism remains limited.

The presence of DS in this case deserves separate consideration. In DS pregnan-
cies, maternal serum AFP levels are about 70% lower than normal, reflecting impaired
placental transfer and altered glycoform distribution rather than reduced fetal hepatic
production [23–25]. In older children, however, the liver becomes the predominant AFP
source, and hepatic maturation is strongly dependent on T3 availability.

In DS, global epigenetic dysregulation—partly driven by the overexpression of chro-
mosome 21 genes such as dual-specificity tyrosine phosphorylation–regulated kinase 1A
(DYRK1A) and amyloid precursor protein (APP)—affects DNA methylation patterns and
chromatin remodeling, altering the expression of developmental and metabolic genes.
DYRK1A hyperdosage has been shown to interfere with histone modification and to dysreg-
ulate chromatin-remodeling complexes, while APP overexpression contributes to aberrant
methylation and oxidative stress–related epigenetic changes [1,25].

The coexistence of severe T3 deficiency and DS-related epigenetic instability may
therefore promote the reactivation of a fetal hepatic gene program, explaining higher AFP
levels compared with non-DS hypothyroid children.

Our findings confirm that primary hypothyroidism alone can cause AFP elevation—even
in children with Down syndrome and in the absence of precocious puberty. Clinicians
should therefore interpret AFP results with caution and always assess thyroid status before
initiating extensive oncological investigations. Given the growing evidence of endocrine
involvement, both congenital and acquired hypothyroidism should be systematically
considered in the differential diagnosis of unexplained AFP elevation in pediatric patients
(Table 3). Early evaluation of thyroid function may prevent unnecessary oncological
work-up in selected cases. Close follow-up after levothyroxine initiation is essential, as
normalization of thyroid function can resolve AFP abnormalities and spare patients and
families undue anxiety and invasive procedures.
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Table 3. Suggested clinical algorithm for managing hypothyroid children with incidental alpha-
fetoprotein (AFP) elevation.

Confirm hypothyroidism and
analytical validity

- Verify elevated TSH with low FT4 and initiate
levothyroxine replacement.

- Confirm AFP result with repeat testing
(preferably using the same assay) to exclude
laboratory error or interference.

- Review age-specific AFP reference ranges and
exclude physiological causes
(infancy, prematurity).

Reassess AFP after thyroid
normalization

- Re-evaluate AFP levels 4–6 weeks after
achieving euthyroidism.

- If AFP decreases in parallel with
normalization of thyroid function → likely
thyroid-related functional elevation; continue
routine follow-up.

If AFP remains >2–3× upper
limit of normal (ULN) or
increases:

- Proceed to targeted imaging: Abdominal
ultrasound (first-line) ± MRI if findings
are equivocal.

- Evaluate for hepatic or germ cell tumors, or
metabolic/genetic syndromes if clinical signs
are suggestive.

Immediate imaging and referral
at baseline

- If hepatomegaly, palpable mass,
systemic symptoms,

- or AFP > 1000 ng/mL or no decline after
thyroid hormone replacement.

- Refer promptly to pediatric
hepatology/oncology for further assessment.

Follow-up

- If AFP normalizes → continue thyroid
monitoring only.

- If persistently elevated → consider genetic
evaluation (e.g., ataxia-telangiectasia,
Fanconi anemia).

Author Contributions: Conceptualization, V.C. and G.T. (Gianluca Tornese); investigation, V.K.,
F.M.M., A.B., D.D. and L.Z.; data curation, V.C.; supervision, A.F. and G.T. (Gianluca Tamaro); funding
acquisition, G.T. (Gianluca Tornese); formal analysis: G.T. (Gianluca Tornese); writing—original draft
preparation, V.C., V.K., F.M.M., A.B., D.D. and L.Z.; writing—review and editing, A.F., G.T. (Gianluca
Tamaro) and G.T. (Gianluca Tornese); All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the Italian Ministry of Health, through the contribution given
to the Institute for Maternal and Child Health IRCCS Burlo Garofolo, Trieste, Italy (RC 16/24).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient’s parents
to publish this paper.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.



LabMed 2025, 2, 24 9 of 10

Abbreviations
The following abbreviations are used in this manuscript:

AFP Alpha-fetoprotein
FSH Follicle-Stimulating Hormone
fT3 free Triiodothyronine
fT4 free Thyroxine
LH Luteinizing Hormone
MRI Magnetic Resonance Imaging
TSH Thyroid-Stimulating hormone
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