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Abstract 
Objectives: The incidence of thyroid cancer (TC) is increasing in adolescent and young adult (AYA) patients. 

Many types of cancer diagnosed in the AYA age group differ significantly in clinical and pathological features 

from cancers diagnosed in older age groups, but data on TC are limited. Our aim was to compare the 

clinicopathological features of TC in AYAs and adults ≥40 years old. 

Materials and Methods: In total, 1013 patients with TC were retrospectively reviewed. Thyroid functions, 

ultrasonographic features of malignant nodules, cytological and histopathological findings, and recurrence and 

persistence rates were compared in AYAs and patients ≥40 years old. 

Results: There were 229 (22.61%) AYA patients and 784 (77.39%) patients ≥40 age group. Of all cancer types, 

93.12% in AYAs and 93.58% in the ≥40 age group were papillary thyroid cancer (PTC) (p=0.772). Multifocal 

thyroid tumors were detected in 62 (27.07%) of AYAs and 269 (34.31%) of the ≥40 age group (p=0.039). 

Incidental thyroid tumors were detected in 113 (37.05%) of AYAs and 583 (52.01%) of the ≥40 age group 

(p<0.01). The extrathyroidal extension (ETE) was detected in 9.61% of AYAs and 16.33% of patients ≥40 years 

old (p=0.012). Capsular and vascular invasion, lymph node metastasis, distant metastasis, persistence, and 

recurrence rates were similar. 

Conclusion: There was no increase in the aggressive clinical and pathological features of TC in AYAs. ETE, 

multifocal tumors and incidental tumors were less common in AYAs than in patients ≥40 years old. PTC is the 

most common type in both groups, while the follicular variant PTC (FVPTC) subtype is increased in AYAs. 

Thyroid nodules should be carefully evaluated in AYAs, and diagnostic procedures should be recommended 

without delay. However, when TC is diagnosed in AYAs, the overtreatment potential of a disease with an 

excellent prognosis should also be considered. 

Keywords: Adolescents and young adults; thyroid cancer, cytopathology, histopathology. 

  



  

Ankara Med J, 2023;(1):73-86  //   10.5505/amj.2023.09734 

74 
 

Introduction 

Thyroid cancer (TC) is the most common endocrine malignancy, and its overall incidence has increased 

significantly in the last 30 years.1 Cancer in adolescents and young adults (AYAs) is defined by the National 

Cancer Institute (NCI) as diagnoses occurring among those aged 15 to 39 years.2 TC is the most diagnosed 

cancer in AYA aged 20 to 29 years in both sexes, and most of the new cases are papillary thyroid cancers (PTC) 

that do not affect disease-specific mortality.3 The incidence of TC in AYAs in the USA has increased 

exponentially in both women and men in the last two decades.3 In addition, adolescents have an incidence of 

TC 10 times higher than young children, and it was shown that TC is five times more common in women than 

men during adolescence.1 Although this increase in prevalence is often attributed to the increased use of 

imaging modalities and higher sensitivity of ultrasonography (US), there are also studies suggesting a true 

increase.4 Still, data for AYAs are sparse. During the most recent ten years of available data, TC incidence rates 

rose rapidly in all AYA age groups, whereas mortality rates declined slightly by 0.5% annually. The 5-year 

relative survival rate for TC is generally high and exceeds 99% in AYA aged 20 to 39 years.3 

Many types of cancer diagnosed in the AYA age group differ significantly from cancers diagnosed in other age 

groups in terms of risk factors, tumor biology, prognosis, and survival, but there are limited studies on TC in 

the literature. Previous studies have found that, although AYAs are more likely to be diagnosed with larger 

thyroid cancers or with locoregional lymph node involvement compared with older patients, they are less likely 

to be diagnosed with distant metastases and continue to have a better prognosis than their older counterparts.5 

In this study, we aimed to compare clinical, ultrasonographical, cytological and histopathological features of TC 

in AYAs and patients ≥40 years old. 

Materials and Methods 

The medical records of patients who underwent thyroidectomy between December 2006 and September 2016 

and were diagnosed with TC were retrospectively reviewed. The operation was performed based on the 

decision of a committee including endocrinology, general surgery, nuclear medicine, and pathology specialists. 

Patients with insufficient clinical data and histopathology reports, a second malignancy and unilateral 

resection, were excluded from the study. Local ethics committee approval was obtained in accordance with the 

ethical standards of the Helsinki Declaration. 

Patients were subdivided into two age groups: 15-39 (AYAs) and ≥40 years old. Demographical and 

ultrasonographical features, cytological results and final histopathological diagnosis were obtained from 

medical records. Serum thyrotrophin (TSH), free triiodothyronine (fT3), free thyroxine (fT4), antithyroid 
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peroxidase antibody (anti-TPOAb), and antithyroglobulin antibody (anti-TgAb) levels were measured by 

chemiluminescence methods (Immulite 2000, Diagnostic Products Corp., Los Angeles, CA, USA and UniCel DXI 

800, Beckman Coulter, Brea, CA). The normal ranges for TSH, fT3, fT4, antiTPOAb, and anti-TgAb were 0.4–4 

μIU/mL, 1.57–4.71 pg/ mL, 0.85–1.78 ng/dl, 0–35 IU/mL, and 0–40 IU/mL, respectively. The thyroid antibody 

level over the upper range of normal was evaluated as positive. The patients were classified as euthyroidism 

(both TSH and fT4 within normal limits), hypothyroidism (elevated TSH with low fT4), and hyperthyroidism 

(suppressed TSH with elevated fT4) according to preoperative thyroid functions. 

Thyroid US was performed using an Esaote color Doppler US (Model 796FDII; MAG Technology Co. Ltd., Yung-

Ho City, Taipei, Taiwan) with a superficial probe (Model LA523 13–4, 5.5–12.5 MHz). The localization, 

diameters, ratio of anterior-posterior to transverse diameter (AP/T), volume, echogenicity, texture, marginal 

regularity, presence of microcalcification and macrocalcification and peripheral halo of nodules were 

evaluated. 

Before the fine needle aspiration (FNA) procedure, all patients were informed about the risks and possible 

complications related to the procedure, and their approval was obtained. FNA was carried out with a 27-gauge 

needle and 20-mL syringe under US guidance (Logic Pro 200 GE and 7.5 MHz probe, Kyunggigo, Korea) by 

experienced endocrinologists. All nodules >1 cm and nodules ≤1 cm with at least one suspicious US feature 

such as hypoechoic, irregular margins, absence of halo and presence of microcalcification were evaluated by 

FNA. Cytological findings were classified as non-diagnostic (ND), benign, atypia of undetermined 

significance/follicular lesion of undetermined significance (AUS/FLUS), follicular neoplasm/suspicious for 

follicular neoplasm (FN/SFN), suspicious for malignancy and malignant according to Bethesda System.6 

The type, size, multifocality and incidentality of the tumor, capsular invasion, vascular invasion, lymph node 

metastasis (LNM) and extrathyroidal extension (ETE) were recorded from histopathology reports. Malignant 

lesions were classified as PTC, follicular thyroid cancer (FTC), Hurthle cell cancer (HCC), well-differentiated 

tumor of uncertain malignant potential (WDT-UMP), medullary thyroid cancer (MTC) and anaplastic thyroid 

cancer. Histological variants of PTC were further grouped as classical, follicular, oncocytic, tall cell, and others 

(encapsulated, solid/trabecular, diffuse sclerosing, columnar cell, warthin-like). 

All statistical analyzes were performed with a software package program (SPSS, version 11.5 for Windows; 

SPSS Inc., Chicago, IL, USA). The normality of the distribution of continuous variables was tested with 

Kolmogorov–Smirnov test. Descriptive statistics were presented as mean ± SD, with medians minimum–

maximum) for continuous variables and percentages (%) for categorical variables. The differences in groups 

were compared by the student’s t-test for parametric variables and the Mann–Whitney U test for 
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nonparametric variables. The chi-square test was used to investigate the difference between the groups 

regarding the categorical variables. A value of p<0.05 was considered to indicate statistical significance. 

Results 

The data of 1013 patients who were diagnosed with TC histopathologically were analyzed. 229 (22.61%) 

patients were in the AYA group (15-39), and 784 (77.39%) were in the ≥ 40 age group. There were 187 

(81.66%) female and 42 (18.34%) male patients in the AYA group (Table 1). In the ≥40 age group, there were 

602 (76.79%) females and 182 (23.21%) males. There was not any significant difference in sex distribution 

between groups (p=0.117). The mean age was 32.03±4.95 and 54.54±9.24 years in AYAs and ≥40 age groups, 

respectively (p< 0.001). Serum TSH, fT3, fT4 and anti-TPO and anti-Tg antibody positivity at the time of 

diagnosis were similar in both groups (p=0.094, p=0.253, p=0.857, p=0.626 and p=0.871, respectively). Family 

history of thyroid cancer and radiation history to the head and neck region were similar in both groups 

(p=0.969 and p=0.657, respectively). Preoperative ultrasonography features, operation indications and 

surgical approach were similar in AYAs and in the ≥40 age group (Table 1). 

Cytological and histopathological features in AYAs and ≥40 age patients are compared in Table 2. There were 

a total of 1426 malignant foci, 305 (21.39%) were in AYAs, and 1121 (78.61%) were in the ≥40 age group. 62 

(27.07%) of AYAs and 269 (34.31%) of ≥40 age group had multifocal TC (p=0.039). LNM, capsular invasion, 

vascular invasion, lymphatic invasion, and distant metastasis rates were similar in both groups (p=0.246, 

p=0.848, p=0.134, p=0.752 and p=0.889, respectively) (Table 2). ETE was detected in 22 (9.61%) of the tumors 

of the AYAs and in 128 (16.33%) of the tumors of patients ≥40 years old (p=0.012). Distant metastases were 

observed in a total of 5 patients in the study population. Lung metastases were observed in 1 patient in AYAs. 

In the ≥40 age group, two patients had lung metastases, 1 had vertebral bone metastases, and 1 had pelvic bone 

metastases with lung. 

Histopathological features of malignant nodules are compared in Table 3. Tumor diameter was 10.14±11.54 

mm in the AYAs, and 11.52±15.56 mm (p=0.184) in the ≥40 age group 198 (64.92%) and 719 (64.14%) tumor 

foci were microcarcinoma in AYAs and ≥40 age group, respectively (p=0.801). While 113 (37.05%) of tumors 

in AYAs were incidental, 583 (52.01%) tumors in the ≥40 age group were incidental (p<0.001). 

The histopathological tumor type distribution was similar in both groups. 284 (93.12%) of tumors in AYAs and 

1049 (93.58%) of tumors in patients ≥40 years old were PTC (p=0.772). Classical variant PTC was significantly 

higher in the ≥40 age group, while follicular variant PTC (FVPTC) was significantly higher in AYAs (p=0.005 

and p=0.003, respectively). Oncocytic and tall cell variant PTC were similar in both groups (p=0.333 and 

p=0.653, respectively). 
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Table 1. Clinical and ultrasonographical features of adolescent and young adult patients and ≥40 age patients 
with thyroid cancer 

 AYA patients (15-39)          
n (%) 

229 (22.61) 

  ≥40 age patients 

n (%) 
784 (77.39) 

  P* 

Age  32.03±4.95 54.54±9.24 <0.001 

Sex  
Female 

Male 

 
187 (81.66)  
42 (18.34) 

 
602 (76.79) 
182 (23.21) 

 
0.117 

Family history of thyroid cancer (n/%) 4 (1.75) 14 (1.79) 0.969 

Radiation history to the head and neck region (n/%) 1 (0.44) 2 (0.26) 0.657 

TSH (µIU/mL) 1.66 ±2.14 1.63± 1.65 0.094 

fT4 (ng/dL) 1.17±0.36 1.16 ±0.31 0.857 

fT3 ((pg/mL) 3.27±2.03 3.24±0.87 0.253 

Anti-TPO positivity (n =202) 48 (26.66) 154 (23.91) 0.626 

Anti-Tg positivity (n = 201) 46 (25.32) 155 (24.54) 0.871 

Functional status  
    Euthyroid  
    Hypothyroid  
    Hyperthyroid 

 
177 (77.29) 

19 (8.30) 
33 (14.41) 

 
566 (72.20) 

64 (8.16) 
154 (19.64) 

 
 

0.196 

Nodule number in ultrasonography  3.08± 2.69 4.66± 3.41 <0.001 

Ultrasonography features of malignant nodule 

Anteroposterior diameter (mm) 
Transverse diameter (mm) 
Longitudinal diameter (mm) 

10.91 (4.53-43.12) 
12.1 (5.33–68.28)  
16.2 (4.24–92.32)  

11.7 (4.24-41.1) 
12.5 (3.46–92.32)  
17.5 (3.9–94.21)  

0.142 
0.134 
0.112 

AP/T 0.87± 0.23  0.89 ± 0.25 0.512 

Volume (cm3) 0.98 (0.04–118.61)  0.94 (0.03–223.43)  0.081 

Localization 
    Right  
    Left 
    Isthmus 

 
128 (55.90) 
97 (42.36) 

4 (1.74) 

 
430 (54.85) 
339 (43.24) 

15 (1.91) 

 
0.954 

Texture 
    Solid 
    Cystic/mixed 

 
221 (96.51) 

  8 (3.49) 

 
756 (96.43) 

28 (3.57) 

 
0.955 

Echogenicity 
    Isoechoic 
    Hypoechoic  
    Iso-hypoechoic 

 
86 (37.55) 
53 (23.14) 
90 (39.31) 

 
296 (37.76) 
178 (22.70) 
310 (39.54) 

 
 

0.990 

Microcalcification 92 (40.17) 328 (41.84) 0.653 

Macrocalcification 78 (34.06) 278 (35.46) 0.697 

Hypoechoic halo 47 (20.52) 144 (18.37) 0.463 

Irregular margins 137 (59.83) 454 (57.91) 0.605 

Surgical approach 
BTT/NT 
Hemithyroidectomy 

 
226 (98.69) 

3 (1.31) 

 
774 (98.72) 

10 (1.28) 

 
0.967 



  

Ankara Med J, 2023;(1):73-86  //   10.5505/amj.2023.09734 

78 
 

Operation indications 
Giant nodule 
Hyperthyroidism 
Cytology  
    Malignant 
    Suspicious for malignancy  
    FN/SFN 
   AUS/FLUS and suspicious ultrasonography features  
   Non-diagnostic 
Parathyroid pathology 
Other  

 
37 (16.16) 
16 (6.99) 

 
37 (16.16) 
36 (15.72) 
16 (6.99) 

40 (17.47) 
23 (10.04) 

1 (0.43) 
23 (10.04) 

 
142 (18.11) 

68 (8.67) 
 

137 (17.47) 
100 (12.76) 

40 (5.10) 
156 (19.90) 

73 (9.31) 
26 (3.32) 
42 (5.36) 

 
 
 
 
 
 

0.458 
 

(TSH: thyrotropin, fT3: free triiodothyronine, fT4: free thyroxine, anti-TPO: antithyroid peroxidase antibodies, anti-Tg: 
antithyroglobulin antibodies, US: ultrasonography, AP/T: ratio of anterior-posterior to transverse diameter, BTT/NT: 
bilateral total thyroidectomy/near-total thyroidectomy, FN/FNS: follicular neoplasm/suspicious for follicular neoplasm, 
AUS/FLUS: atypia of undetermined significance/follicular lesion of undetermined significance) 
*Significant p values are indicated as bold in the table 

 

The mean follow-up period was similar in the two groups (p=0.876) (Table 4). Radioactive iodine (RAI) 

ablation was performed in 183 (79.91%) of AYAs and 630 (80.36%) of the ≥40 age group (p=0.882). Seventy-

three (39.89%) AYAs and 263 (41.75%) ≥40 age group were ablated with an RAI dose greater than 100 mCi. 

Persistence and recurrence rates were similar in the two groups (p=0.499 and p=0.407, respectively). The 

mean time of recurrence was 28.43±16.42 months in AYAs and 22.54±4.43 months in the ≥40 age group 

(p=0.438). 

Table 2. Cytological and histopathological features of adolescent and young adult patients and ≥40 age patients 
with thyroid cancer 

 AYA patients (15-39)         
 n (%) 

229 (22.61) 

   ≥40 age patients 

n (%) 
784 (77.39) 

P* 

Cytological diagnosis  
Non-diagnostic 

Benign 

AUS/FLUS 

FN/SFN 

Suspicious for malignancy 

Malignant 

 
23 (10.04) 

77 (33.62) 

40 (17.47) 

16 (6.99) 

36 (15.72) 

37 (16.16) 

 
73 (9.31) 

278 (35.46) 

156 (19.90) 

40 (5.10) 

100 (12.76) 

137 (17.47) 

 
0.739 

0.608 

0.413 

0.272 

0.247 

0.642 
Total tumor foci 305 (21.39) 1121 (78.61)  
Tumor number per patient 1.52±1.23 1.57±1.12 0.064 
Multifocality 62 (27.07) 269 (34.31) 0.039 
Lymph node metastasis 21 (9.17) 58 (7.40) 0.246 
Capsular invasion 68 (29.69) 238 (30.36) 0.848 

Vascular invasion 10 (4.37) 56 (7.14) 0.134 

Extrathyroidal extension 22 (9.61) 128 (16.33) 0.012 

Lymphatic invasion 5 (2.18) 20 (2.56) 0.752 

Distant metastases  1 (0.44)  4 (0.51) 0.889 

(AUS/FLUS: atypia of undetermined significance/follicular lesion of undetermined significance, FN/SFN: follicular 
neoplasm/suspicious for follicular neoplasm, PTC: papillary thyroid cancer, WDT-UMP: well-differentiated tumor of 
uncertain malignant potential) 
*Significant p values are indicated as bold in the table  
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Table 3. Histopathological features of malignant thyroid nodules in adolescent and young adult patients and 
≥40 age patients  

 AYA patients (15-39) 
n (%) 

305 (21.39) 

  ≥40 age patients 
n (%) 

1121 (78.61) 
P* 

Tumor diameter 10.14 ± 11.54   11.52 ± 15.56 0.184  
Microcarcinoma 198 (64.92) 719 (64.14) 0.801 
Incidentality 113 (37.05) 583 (52.01) <0.001 
Tumor type 
Papillary 
Follicular  
Hurthle cell 
Medullary  
Anaplastic 
WDT-UMP 

 
284 (93.12)  

8 (2.62) 
4 (1.31) 
3 (0.98) 
1 (0.33) 
5 (1.64)  

 
1049 (93.58) 

23 (2.05) 
17 (1.51) 
12 (1.07) 
4 (0.36) 

16 (1.43)  

 
0.772 
0.544 
0.792 
0.895 
0.940 
0.785    

PTC variants 
Classical 
Follicular 
Oncocytic 
Tall cell 
Other 

n=273 
206 (75.46) 
52 (19.05) 

8 (2.93) 
4 (1.46) 
3 (1.10)  

n=1016 
842 (82.87) 
123 (12.11) 

20 (1.97) 
19 (1.87) 
12 (1.18) 

 
0.005 
0.003 
0.333 
0.653 
 0.910   

(PTC: papillary thyroid cancer, WDT-UMP: well-differentiated tumor of uncertain malignant potential) 
*Significant p values are indicated as bold in the table  
 

Table 4. Follow-up data of adolescent and young adult patients and ≥40 age patients with thyroid cancer 

 AYA patients (15-39)     
n (%) 

229 (22.61) 

  ≥40 age patients 
n (%) 

784 (77.39) 
P* 

Follow-up period (month) 40.42 ± 22.78  39.56 ± 14.12  0.876  
RAI treatment 183 (79.91) 630 (80.36)  0.882 

RAI dose (mCi) 

≤100 

>100 

 
110 (60.11) 

73 (39.89) 

 
367 (58.25) 

263 (41.75) 

0.654 

Persistence 5 (2.18) 12 (1.53) 0.499 

Recurrence 1 (0.44) 7 (0.89) 0.407 

Recurrence time (months) 28.43 ± 16.42 22.54 ± 4.43 0.438  
(RAI: radioactive iodine) 
Significant p values are indicated as bold in the table  

 

Discussion 

Many types of cancer diagnosed in the AYA age group differ significantly from cancers diagnosed in other age 

groups in terms of clinical and histopathological features, but information on TC is limited. In our study, we did 

not observe an increase in aggressive clinical and pathological features of TC in AYAs. There was no difference 
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in LNM, capsular and vascular invasion in AYAs, and ETE was less common. Multifocal tumors and incidental 

tumors were less common in AYAs than in patients ≥40 years old. While PTC was the most common type in 

both groups, the FVPTC subtype was increased in AYAs.  

In recent years TC has become one of the most common cancers in the AYA population.1 This increase in the 

incidence of TC can be attributed to various risk factors such as overdiagnosis. Excessive iodine intake, 

diagnostic radiation and environmental exposure are some other causes blamed for this increase. The major 

risk factor for the development of PTC is radiation exposure to the head and neck region, especially during 

childhood and adolescence.7 Most cases of radiation-induced PTC are due to therapeutic radiation 

administered to treat a previous malignancy.8 The onset period is usually between 10 and 20 years after 

exposure to radiation. Exposure to major environmental RAI from the Chernobyl nuclear accident in 1986 is 

another risk for the development of PTC, especially in children and adolescents.9 In previous studies, the clinical 

behavior of radiation-induced TC does not appear to differ significantly from sporadic tumors.10 In our series, 

the history of radiation to the head and neck region in AYA patients was similar to the ≥40 age group. We did 

not find any difference between the groups in terms of family history of thyroid cancer. In addition, the role of 

iodine in the pathogenesis of TC is controversial. Dietary iodine deficiency is associated with FTC, while excess 

iodine increases the risk of PTC.11 In our study, while more than 90% of AYAs had PTC, a small number of FTC 

were detected, and no trend towards FTC was observed in AYAs. Accordingly, our country seems to have turned 

from iodine deficiency to excessive iodine intake. 

The pathological classification and histological criteria of DTCs in AYAs are the same as in adults. While PTC 

accounts for more than 90% of cases in the AYA population,3 FTC is rare. Low-risk subtypes (classic and 

follicular variants) of PTC remain the most common. Solid/trabecular and diffuse sclerosing subtypes of PTC 

are considered high-risk in adults12.13 but are unclear in AYAs. In accordance with the literature, in our study, 

more than 90% of AYAs had PTC, and a small number of FTC were detected. MTC, poorly differentiated tumors, 

and anaplastic TC are rarer in younger patients. MTC accounts for approximately 5% of all thyroid 

malignancies, and the mean age at diagnosis is 50 years. Only about one-third of MTC cases occur in patients 

younger than 40 years old.14 In our study, we did not find any difference in the rate of MTC and anaplastic 

thyroid carcinoma between AYAs and patients ≥40 years old. 

Several clinicopathological features, such as age, gender, tumor size, ETE, LNM and distant metastasis, are well-

known prognostic factors in PTC patients.15 ETE is defined as the spread of the tumor beyond the thyroid 

capsule to adjacent soft tissue. It is generally accepted that advanced ETE adversely affects the results of PTC. 

Previous studies have shown that tumor size and older age are independent risk factors for ETE, and patients 

with ETE are more likely to have positive surgical margins.16 That is, sustained tumor growth will increase the 

likelihood of the tumor extension beyond the thyroid capsule, especially in peripheral tumors. Aging restrains 
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adaptive immunity and makes the tumor microenvironment more immunosuppressive, which may facilitate 

the invasion process.17 In our study, ETE was more common in patients ≥40 years old than in the AYAs. 

The relationship between age and multifocality is not clear. In some studies, no significant relationship was 

found between increasing age and multifocality,18 while in others, an increased risk of multifocality was 

reported in patients >45 years old.19 In our study, multifocal TC was significantly higher in the ≥40 years old 

patients than in the AYAs. Previous studies showed a significant correlation between LNM, ETE and tumor size 

and multifocality, suggesting that multifocality is an indicator of disease progression. Multifocality has also 

been shown to be associated with an increased risk of disease recurrence.20 

The increase in incidental TC (ITC) is one of the most important factors responsible for the increase in the 

incidence of total cancer. There are controversial findings with regard to ITC rates in different age populations. 

Although some previous studies have reported no change in rates of ITC according to age,21 some have reported 

that it is more prevalent in older ages.22 In our study, ITC was detected more frequently at older ages. A possible 

reason for this finding may be the increase in the frequency of admission to the hospital for different reasons 

as the age increases and the increase in the use of imaging studies that are responsible for the detection of 

incidental thyroid lesions. In addition, elderly patients with an incidental thyroid lesion may be subject to more 

aggressive diagnostic follow-up than younger individuals, which may lead to an increased incidence of ITC in 

these patients. 

Although pediatric and AYA patients more commonly present with local extension, cervical node involvement, 

and pulmonary metastases, there is an excellent overall survival rate (>95%) 30 years after treatment.23 This 

likely reflects the underlying tumor biological differences between pediatric/adolescent and adult patients. 

Some tumor subtypes, such as FVPTC and diffuse sclerosing variants of PTC, are more common in children and 

young adults than in older individuals.24 FVPTC is the second most common PTC variant and is characterized 

by follicular growth pattern and cytological features of papillary carcinoma.25 Similarly, in our study, FVPTC 

was significantly higher in the AYAs than in the ≥40 age group. 

Most AYAs diagnosed with TC are treated according to the approaches used in adult patients. However, 

increasing evidence suggests that AYAs are molecularly different from other age groups and have a higher risk 

of long-term and late effects, including infertility, sexual dysfunction, cardiovascular disease, and future 

cancers, compared with older patients. Since children and adolescents with PTC are more likely to have cervical 

lymph node and pulmonary metastases, an aggressive treatment approach is often followed, which includes 

total thyroidectomy followed by radioiodine residual ablation.26 Given the high overall survival rate, the 

complications and acute, subacute, and delayed toxicities of the chosen therapy should be carefully considered. 
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Despite an excellent overall prognosis for AYAs with DTC, there are many challenges that affect disease 

morbidity. First, AYAs are more likely to have no health insurance than older patients, and this age group is 

more likely to experience delays in cancer diagnosis due to the lack of cost-effective early detection methods. 

The risks of surgical complications are closely related to the age of the patient, the extent of the disease, and 

the experience of the surgeon. Although these relationships are well known, some of the young patients 

continue to have thyroid surgery in centers with insufficient thyroidectomy experience. In particular, the 

associated risks of thyroidectomy, including recurrent laryngeal nerve palsy, hypoparathyroidism, and the 

need for lifelong thyroid hormone replacement, are more devastating for the AYA population. In addition to 

surgical complications, there are several reports suggesting an increased risk of non-thyroid, secondary 

malignancies in patients receiving RAI compared to those not receiving RAI.27 Therefore, although DTC is a 

disease with low disease-specific mortality, it can progress with short and long-term complications. 

RAI therapy is used following thyroid surgery to prevent disease recurrence and to treat persistent or 

metastatic TC.28 The increasing diagnosis of TC in recent years and the frequent occurrence of AYAs with 

metastatic disease may be a factor that increases the use of RAI in this population. The toxicities associated 

with RAI therapy are dose-related. RAI may cause temporary gonadal dysfunction, but subsequent infertility is 

rare except after high doses.28 In addition, an increased risk of secondary malignancy has been reported after 

RAI treatment for TC.29 Although serious adverse events are rare and possibly due to cumulative and higher 

doses of RAI treatment, they may be of particular concern for AYAs.  

There are some limitations in our study. Firstly, it is a retrospective and single-center study. Secondly, central 

lymph node dissection is not routinely performed in patients who underwent thyroidectomy in our center, and 

this may have confused the nodal status of the patients. However, prophylactic central lymph node dissection 

is still controversial, and there is no definite recommendation in favor of this procedure.30 In addition, the 

inability to perform molecular tests in our center during our study is another limitation. Lastly, the mean 

follow-up time in our study was relatively low, which might have caused low recurrence rates in our series. 

In conclusion, we did not observe an increase in the aggressive clinical and pathological features of TC in AYAs. 

US and cytopathological features of malignant nodules in AYAs seem to be mostly identical with ≥40 years old 

patients. LNM, capsular and vascular invasion do not differ, and ETE is less common in AYAs. FVPTC subtype is 

increased in AYAs. Multifocal and incidental tumors are less common in AYAs. The incidence of TC is increasing 

rapidly in AYAs, and it is important for primary care physicians to refer patients to an endocrinology specialist 

for the diagnosis of thyroid nodules detected in AYAs and regular follow-up of patients with TC. Thyroid 

nodules in AYAs should be evaluated carefully, and diagnostic procedures should be offered without delay. On 

the other hand, the potential for overtreatment of a disease with an excellent prognosis, regardless of stage, 

should be considered when TC is diagnosed in AYAs. 
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