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The thyroid gland
The thyroid is an endocrine gland, located ventrally from the trachea. The gland 
consists of two lobes that are connected through the isthmus. The thyroid is composed 
of follicles, follicular cells, and parafollicular cells (also called C cells) (1). The follicular 
cells produce thyroxin (T4, thyroid hormone) and triiodothyronine (T3), which are 
composed of iodine and thyroglobulin (Tg, a precursor protein from the thyroid). T4 
is the sole product of the thyroid gland, whereas T3 is produced in the thyroid and 
peripheral organs by deiodination of T4. Thyroid hormones are involved in a wide range 
of mechanisms within the body, and affect basal metabolic activity, growth, and neural 
development (2). Calcitonin, a hormone produced by the C cells and this hormone 
decreases the blood calcium concentration (3). The hypothalamic-pituitary-thyroid 
axis regulates the synthesis of the thyroid hormones. The hypothalamus releases 
thyrotropin-releasing hormone (TRH), causing the anterior pituitary gland to secrete 
thyroid-stimulating hormone (TSH). This results in thyroid hormone synthesis and 
secretion. T3 and T4 subsequently provide negative feedback to the hypothalamus 
and the pituitary gland (2).

Thyroid cancer and differentiated thyroid cancer
Thyroid cancer ensues when cells of the thyroid gland reproduce uncontrollably 
and develop the potential to spread (metastasize). Histologically, the most common 
subtype of thyroid cancer is (well-)differentiated thyroid cancer (DTC, which includes 
papillary thyroid cancer (PTC) and follicular thyroid cancer (FTC)). DTC accounts for 
90% of all thyroid cancers (4, 5). Differentiated cancers derive from the follicular cells. 
DTC can occur at all ages, but its peak incidence is from the 3rd to 5th life decades (4). 
Poorly differentiated thyroid cancers, such as medullary thyroid cancer (MTC, arising 
from C cells) and anaplastic thyroid cancer (ATC, arising from the follicular epithelium) 
are less common (5, 6).

Differentiated thyroid cancer in children
DTC in children (diagnosed before the age of 19 years) is rare, but incidence rates 
are increasing (7). Age-adjusted incidence rates of childhood DTC are 0.6 to 11.0 
per 100,000, varying between age group and country of origin (7-9). Most children 
diagnosed with DTC are post-pubertal. Up to puberty, the incidence of DTC in boys and 
girls is similar, but from puberty onwards most patients are female (6), making female 
sex the most important risk factor for DTC. The explanation for this sex-dependent 
diagnosis probably lies within the proliferative effect of estrogen on thyroid cells, but 
the exact mechanism is not completely understood (10-12). The emergence of thyroid 
cancer cannot always be explained, but known risk factors for developing childhood 
thyroid cancer are exposure to radiation, iodine deficiency, a positive family history 
for DTC, gene rearrangements, or a thyroid cancer syndrome (13-15).
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Symptoms of childhood differentiated thyroid cancer
Children most often present with an asymptomatic solitary thyroid nodule or 
neck mass. Compressive symptoms, such as hoarseness, dysphagia, dyspnea, or 
experiencing a choking sensation are less common (16-18).

Diagnosis and treatment of childhood differentiated thyroid cancer
Up to now, three official guidelines for the management of DTC in children have been 
published (19-21). Clinical evaluation, ultrasonography (US), and fine needle aspiration 
(FNA) are used to determine the origin of the thyroid nodule or neck mass (19). FNA 
can be makes it possible to obtain cells of the thyroid nodule and/or suspicious lymph 
node. The FNA of the thyroid nodule can then be evaluated according to the pathologic 
Bethesda System for Reporting Thyroid Cytopathology (22). Six different Bethesda 
diagnostic categories determine the follow-up measures, which range from clinical 
follow-up to surgical intervention (19, 22). When FNA indicates a strong possibility 
of malignant cells, treatment in children generally consists of a total thyroidectomy. 
Depending on the presence and the site of metastases, a central or (bi)lateral lymph 
node dissection can be performed (19). Children are postoperatively staged by means 
of the tumor-node-metastasis (TNM) classification (23, 24) and corresponding risk 
level of the disease (19), which determine the consecutive (intensity of the) treatment. 
After surgery, radioactive iodine (131I) can be administered. When administered in a high 
dose, the beta radiation of this radioisotope of iodine destroys thyroid cells (25), and 
may decrease the risk of recurrence of the disease (17, 26, 27). Although the precise role 
of 131I during treatment of low risk DTC has not yet been defined, the additional value 
of its administration in children with advanced disease is more established (27, 28). 
Subsequently, thyroid hormone supplementation with levothyroxine compensates 
the lack of thyroid hormone resulting from the thyroidectomy, but is also used to 
induce a certain level of TSH suppression (TSH suppression therapy). The aim of TSH 
suppression therapy is to suppress the growth-promoting effect of TSH on the thyroid 
cells, thereby preventing the (re)growth of malignant cells (29, 30). In high risk 
patients, a more intensive TSH suppression is advised. Recommendations are based 
on findings in adults, since no studies have as yet focused solely on evaluating children 
(19). Follow-up of the disease consists of clinical evaluation and neck palpation, US, 
and measuring of Tg during the thyroid hormone suppletion. Tg serves as a marker for 
residual or recurrent disease (19). 

Outcome after treatment of childhood differentiated thyroid cancer
Subsequent to treatment, survival rates of childhood DTC are up to 99% after 30 
years of follow-up (6, 31). Although survival in children is excellent, a relatively high 
percentage (10 to 30%) of the children develops recurrent disease, occurring even 
decades after diagnosis (30, 32-34). Moreover, after treatment some patients still have 
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evidence of disease, which is called persistent disease. Recurrent or persistent disease 
occurs more frequently in patients with advanced disease upon diagnosis (35, 36). 

Differentiated thyroid cancer in children and adults
In the past, DTC was presumed to be similar in children and adults. However, more 
advanced knowledge indicates great differences between DTC in children and adults. 

Upon diagnosis, children present with more advanced and aggressive disease 
than do adults. Paradoxically, children have better overall survival rates in children 
than adults, but also more frequent persistent disease and recurrences (16-18, 31, 
32, 34, 37-43). In childhood, the mutational landscape of DTC differs from that of 
adults (44-54). Table 1 presents an overview an overview of differences between DTC 
diagnosed during childhood and adulthood. 

To date, however, no clear explanation can account for these differences between 
adult and childhood DTC. Although genetic alterations may play a role, studies are 
not conclusive. A higher expression of the sodium iodine symporter (NIS, essential in 
the uptake of iodine) in children may also help to explain their better responsiveness 
to 131I administrations, but ultimately the origin of the difference between adult and 
childhood DTC is probably multifactorial.

Adverse effects after childhood cancer 
Unfortunately, survivors of (childhood) cancer experience unwanted effects of 
the (treatment of the) cancer. These side effects are being increasingly recognized, as 
recent decades have seen an increase in the overall survival rate of childhood cancer 
(60). Side effects can occur during treatment, but may sometimes become manifest 
only years later. These late effects can be physical, mental, and/or psychosocial, such 
as cognitive impairment, fertility problems, diagnosis of a secondary malignancy, 

Table 1. Differences between DTC diagnosed during childhood and adulthood

Childhood DTC Adult DTC

Malignant origin of thyroid nodules (16, 18, 39, 40) 19 to 26% 12 to 14%

Incidence of lymph node metastases (17, 31, 34, 41-43, 55) 40 to 90% 15 to 50%

Incidence of distant metastases (17, 56, 57) 20 to 30% 2 to 20%

Most prevalent mutational alteration (44-54) RET fusion BRAF V600E mutation

Recurrence rate (32, 34, 58) Up to 32% 5%

Rate of persistent disease (32, 36, 58, 59) 5 to 33% 2 to 3%

10-year survival rate (17, 32, 37, 38) 95 to 100% 85 to 91% 

Abbreviations: DTC, differentiated thyroid carcinoma; RET, rearranged during transfection; BRAF, v-raf murine sarcoma 

viral oncogene homolog B.
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and fatigue (61). Depending on the type of late effect, treatment or support can be 
offered, but not all effects can be prevented or resolved.

Adverse and late effects after childhood differentiated thyroid cancer
Because the majority of childhood DTC patients will survive their disease, it is important 
to evaluate late effects in these survivors. However, in contrast to the knowledge 
of late effects in many other childhood malignancies, little is known about possible 
adverse effects of childhood DTC. 

During treatment of DTC, surgical complications like surgical site infection, 
parathyroid damage (causing hypocalcaemia) and recurrent laryngeal nerve injury 
(causing hoarseness or loss of voice) can occur (62, 63). In addition, short-term side 
effects of 131I administration are radiation thyroiditis, nausea, vomiting, sialadenitis, 
gastro-intestinal symptoms, and bone-marrow suppression. In the long-term, 
administration of 131I for adult DTC is associated with salivary dysfunction or sialadenitis, 
pulmonary fibrosis, secondary malignancies, and gonadal damage in both men and 
women (causing fertility problems) (32, 64-69). Other long-term effects possibly 
induced by TSH suppression therapy are cardiovascular deterioration and loss of bone 
mineral density (also influenced by hypoparathyroidism) (29, 70-74). Moreover, general 
well-being or quality of life (QoL) can be affected by the diagnosis and the treatment 
of DTC (75-78). 

Some studies have been performed in survivors of childhood DTC, but current 
knowledge is based mainly on late effects of DTC on adults. Because of the differences 
between childhood and adult DTC, as shown above, late effects may also differ. 
However, specific knowledge of the late effects of treatment for DTC during childhood 
is limited because of the scarcity of studies, the small number of patients evaluated, 
the lack of clear study definitions, or the poor quality of study designs.

Aims and outline of this thesis
The aim of the current thesis is to evaluate the clinical course and late effects of 
childhood DTC. The results will ultimately benefit newly diagnosed patients, patients 
previously treated for DTC, caregivers, and treating physicians. 

A multicenter, cross-sectional study was conducted in the Netherlands. Patients 
diagnosed with DTC before the age of 19 years between 1970 and 2013 were included. 
Chapter 2 consists of an overview of the disease, treatment, outcomes, and follow-up 
characteristics of these patients. A minority of patients had distant metastases (DM). 
Chapter 3 specifically evaluates the clinical course of DTC in a large cohort of childhood 
DTC patients diagnosed with DM. This study was performed at the University of Texas 
MD Anderson Cancer Center in the United States. 

Long-term treatment effects of 131I after childhood DTC in the Netherlands are 
evaluated in the subsequent chapters. Female fertility after treatment is studied in 
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Chapter 4, where we evaluate reproductive characteristics in female survivors of 
childhood DTC, combined with levels of Anti-Müllerian hormone (AMH, a marker of 
ovarian reserve). Because the minority of childhood DTC patients is male, to attain 
a substantial and representative group of survivors, Chapter 5 includes a study of 
male fertility after treatment in survivors of adult DTC. Male fertility was evaluated by 
performing semen analyses, and assessing reproductive hormones and reproductive 
characteristics. Adverse effects of long-term TSH suppression therapy are evaluated 
in Chapter 6, including effects on cardiac function in survivors of childhood DTC. 
The first evaluation of these patients, performed five years after their childhood DTC 
diagnosis, showed that 21% of the survivors had asymptomatic diastolic dysfunction 
(79). Chapter 6 includes a re-evaluated of patients after a total follow-up period 
of 10 years to assess the course of their cardiac function. In Chapter 7, long-term 
thyroid cancer-specific QoL, health-related QoL, fatigue, and anxiety and depression 
are evaluated in survivors who were at least 5 years in follow-up after diagnosis. 
Because childhood cancer has been known to disrupt the course of life, Chapter 8  
evaluates psychosocial developmental milestones in childhood DTC survivors. 
Chapter 9 contains the summary and general discussion of this thesis, and suggests  
it implications. 
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ABSTRACT
Introduction
Treatment for differentiated thyroid carcinoma (DTC) in pediatric patients is based 
mainly on evidence from adult series due to lack of data from pediatric cohorts. 
Our objective was to evaluate presentation, treatment-related complications, and 
long-term outcome in patients with pediatric DTC in the Netherlands. 

Patients and methods
In this nationwide study, presentation, complications and outcome of patients with 
pediatric DTC (age at diagnosis ≤18 years) treated in the Netherlands between 1970 
and 2013 were assessed using medical records. 

Results
We identified 170 patients. Overall survival was 99.4% after median follow-up of 13.5 
years (range 0.3-44.7 years). Extensive follow-up data were available for 105 patients 
(83.8% women), treated in 39 hospitals. Median age at diagnosis was 15.6 years (range 
5.8-18.9 years). At initial diagnosis, 43.8% of the patients had cervical lymph node 
metastases; 13.3% had distant metastases. All patients underwent total thyroidectomy. 
Radioactive iodine was administered to 97.1%, with a median cumulative activity of 
5.66 GBq (range 0.74-35.15 GBq). Lifelong postoperative complications (permanent 
hypoparathyroidism and/or recurrent laryngeal nerve injury) were present in 32.4% of 
the patients. At last known follow-up, 8.6% of the patients had persistent disease and 
7.6% experienced a recurrence. TSH suppression was not associated with recurrences 
(odds ratio 2.00, 95% CI 0.78 to 5.17, P = 0.152). 

Conclusions
Survival of pediatric DTC is excellent. Therefore, minimizing treatment-related 
morbidity takes major priority. Our study shows a frequent occurrence of lifelong 
postoperative complications. Adverse effects may be reduced by centralization of 
care, which is crucial for children with DTC. 
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INTRODUCTION
Differentiated thyroid carcinoma (DTC), which comprises papillary (PTC) and follicular 
thyroid carcinoma (FTC), is a rare disease during childhood. Age-standardized 
incidence rates for children 0-4 years of age are 0.4 per 100.000, and up to 1.5 per 
100.000 for adolescents aged 15-19 years (1). However, DTC is the most common 
pediatric endocrine malignancy and its incidence is increasing (1-3). The prognosis in 
children has been reported to be excellent with 15-year survival rates greater than 95% 
(3). Due to sparse pediatric data, however, thyroid cancer care for pediatric patients is 
based predominantly on evidence from adult series. This year, the American Thyroid 
Association (ATA) published their first guidelines for children with DTC, thereby 
providing a thorough overview of the available literature (4).

The initial treatment for children with DTC generally consists of a (near) total 
thyroidectomy with or without lymph node dissection, although for patients with 
minimally invasive FTC 4 cm or less and lacking other adverse risk factors, a less 
aggressive treatment has recently been recommended (4, 5). Complication rates of 
thyroid surgery in children have been reported to be higher than those in adults (6). 
In most cases, surgery is followed by ablation therapy with radioactive iodine (131I) to 
destroy residual tumor foci and to facilitate disease monitoring by follow-up scans 
and measurement of serum thyroglobulin (Tg). However, nowadays 131I administration 
often depends on risk stratification (4, 5). Pediatric patients with residual tumor and/
or metastases are generally treated by cyclic 131I administrations, with the activity of 
131I being a matter of discussion (7). To decrease the risk of recurrent disease, TSH 
suppressive therapy with thyroid hormone has for decades been considered necessary 
during follow-up, but its use is currently tempered in patients showing no evidence of 
disease (4, 8-10). 

Awareness regarding treatment-related morbidity is growing. However, long-term 
follow-up data, especially long-term data on morbidity, of children not exposed to 
the post-Chernobyl fallout are limited. Past studies in children 18 years old or younger at 
diagnosis have frequently been hampered by short follow-up, small patient series, series 
including patients with benign conditions, or treatment regimens not representative 
of current practice (e.g. including external beam radiotherapy) (11-15). Therefore, 
detailed insight into relevant clinical parameters of DTC in children is necessary to 
improve evidence-based treatment and follow-up strategies. The objective of this 
nationwide study was to evaluate the presentation, complications, and long-term 
outcome in patients with pediatric DTC in the Netherlands. 
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PATIENTS AND METHODS 
Study design and population
In this nationwide retrospective cohort study, children 18 years old or younger 
diagnosed with PTC or FTC between January 1970 and December 2013 and treated in 
the Netherlands were eligible for inclusion. The Dutch population is considered to be 
iodine-sufficient with virtually no exposure to the post-Chernobyl radioiodine fallout 
(16). To create a national cohort with coverage as high as reasonably feasible, patients 
were traced using data from the Netherlands Cancer Registry (1989-2013), and from 
hospital registries of the University Medical Centers (UMCs), in which patients were 
generally registered from 1970 onwards. Mortality data were obtained from electronic 
hospital patient information systems. For patients lost to follow-up, linkage with 
the database of the Central Bureau for Genealogy in the Netherlands was performed 
to identify deceased subjects. The Institutional Review Board of the University Medical 
Center Groningen approved the study. Informed consent was given by the patients 
and/or by their parents, for minors.

Data collection
Medical history, diagnosis, and treatment details were obtained from patients’ 
medical records. Histopathological data were obtained from the original pathology 
reports. Because the tumor node metastasis (TNM) classification of malignant tumors 
was changed several times within the period covered by this study, tumor stage was 
(re)classified according to the seventh edition of the TNM classification to facilitate 
comparison of the tumors (17). Data regarding 131I administrations (number and 
activities of 131I, and results of scans, both therapeutic and imaging) were collected 
from reports of the Departments of Nuclear Medicine. To calculate the cumulative 
administered 131I activity, only ablative and therapeutic 131I administrations were taken 
into account. TSH values were collected from the laboratory reports. In case of missing 
data, medical correspondence and the general practitioner were consulted. 

Study definitions
Date of diagnosis was defined as the date of histological confirmation of thyroid 
carcinoma. Follow-up time was calculated from the date of diagnosis until the date of 
the patient’s last known assessment or the date of the patient’s death. Age at diagnosis 
was classified into 3 groups: age 0-10, 11-14 and 15-18 years. Transient and permanent 
hypoparathyroidism were defined by the use of calcium or vitamin D supplements for 
less than 6 months, and more than 6 months after thyroidectomy, respectively, or if 
these conditions were reported as such in the medical records. Recurrent laryngeal 
nerve (RLN) injury was defined as injury mentioned in the ear nose and throat report or, 
if this report was not available, in other medical records. Injury due to encasement by 
tumor was also defined as RLN injury. Remission was defined as the absence of clinical, 



CLINICAL COURSE OF CHILDHOOD DIFFERENTIATED THYROID CARCINOMA

25

2

scintigraphical, or radiological evidence of disease and undetectable serum Tg under 
TSH suppressive therapy for at least 1 year after the last 131I therapy. Persistent disease 
was defined as the absence of remission. Recurrent disease was defined as histological, 
cytological, radiological, or biochemical evidence of disease after remission. Patients 
were classified according to risk of recurrence: low (T1-T2, N0, M0), intermediate (any 
T3 or N1 tumor), or high (any T4 or M1 tumor). 

Statistical analysis
Groups were compared using χ2 or Fisher’s exact tests (if conditions for χ2 test were not 
met) in the case of categorical variables. Mann-Whitney U and Kruskal-Wallis tests were 
performed for non-normally distributed continuous variables. Missing or unknown 
values were excluded from statistical testing. The TSH level for each year of follow-up 
was expressed as the geometric mean of the observed TSH values during that year. 
TSH values that were obtained before thyroidectomy until 12 weeks postoperatively 
were excluded, as well as TSH values obtained 6 weeks before until 12 weeks after 
thyroid hormone withdrawal or use of recombinant human TSH. The TSH level during 
the entire follow-up was defined as the geometric mean of the calculated TSH levels 
per year (18). Logistic regression analyses were performed to explore the associations 
between TSH level and recurrent disease, and between the occurrence of surgical 
complications and hospital volume, time of surgery, and age group. Regarding 
the association between TSH and recurrent disease, TSH was entered continuously 
in the crude model, followed by adjustment for risk classification. The associations 
between surgical complications and hospital volume, time of surgery, and age group 
were explored in a crude model, followed by adjustment for T stage (T1-T2 versus 
T3-T4) and the performance of lymph node dissection. Patients surgically treated in 
in more than one hospital were excluded from the analysis, as it was retrospectively 
unclear in which hospital the complication occurred. All tests were two sided. A P 
value of <0.05 was considered significant. IBM SPSS Statistics version 22 was used for 
statistical analyses. 

RESULTS
As shown in the study flowchart (Figure 1), 170 patients with pediatric DTC were 
identified. One patient with familial adenomatous polyposis died at the age of 20 years 
due to complications of a colon carcinoma. He had been diagnosed 5 years earlier with 
PTC with lung metastases. Overall survival was 99.4% after a median follow-up of 13.5 
years (range 0.3-44.7 years). Of the 169 survivors, 105 (62.1%) gave informed consent 
and were included in this study. The patients from whom no informed consent was 
obtained were more often male (29.7% vs. 16.2%, P = 0.038), and more often had distant 
metastases (P = 0.031) and a longer follow-up time (median 18.1 years (range 0.3-40.4 
years) vs. 11.7 years (range 1.1-44.7 years), P = 0.043, Supplemental Table 1). 
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Baseline characteristics 
Baseline characteristics are provided in Table 1. The female: male ratio was 5.2:1. 
Median age at diagnosis was 15.6 years (range 5.8-18.9 years). PTC was diagnosed in 
81.0% of the patients; the remaining 19.0% had FTC. At initial diagnosis, histologically 
confirmed cervical lymph node metastases were found in 46 (43.8%) patients and 
distant metastases in 14 (13.3%) patients. Of these, 11 patients had lung metastases, one 
patient with FTC had a metastasis in the seventh thoracic vertebra and two patients 
with PTC and FTC, respectively, had both lung and bone metastases. Pathological 
features and TNM stage did not differ between the three age groups.

Medical history
Four (3.8%) patients developed DTC as a second malignant neoplasm (SMN); two of 
whom had been treated with cranial radiotherapy (Supplemental Table 2). One patient 
with a neuroblastoma had been treated with 131I-metaiodobenzylguanidine (previously 
reported (19)). The fourth patient had been treated for Langerhans cell histiocytosis. 
She did not receive radiotherapy. Two (1.9%) patients developed PTC after radiotherapy 
directed to the neck for benign conditions. 

Surgical treatment
Total thyroidectomy was performed in all patients. In 65 (61.9%) patients the total 
thyroidectomy was performed as a single procedure. In the remaining 40 (38.1%) 
patients a diagnostic hemithyroidectomy was performed, followed by a completion 

Figure 1. Study flow chart, showing final number of included patients and reasons for nonparticipation 

of eligible patients.
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thyroidectomy. The mean time span between both procedures was 31.5 days (range 
2-210 days).

Lymph node dissection was performed as part of initial therapy in 46 (43.8%) 
patients, of whom 40 (87.0%) had histologically proven lymph node metastases. In 10 
(9.5%) patients the central compartment (level VI) was dissected; in 36 (34.4%) patients 
a lateral lymph node dissection was performed, including other levels (II-V) on one or 
both sides of the neck (Table 1). In six patients not initially treated with a lymph node 
dissection, positive lymph nodes were found during histopathological examination. 
Central compartment dissection alone was performed more frequently in children 
aged 0-10 years, while in older children lateral levels were more often included in 
the lymph node dissection (P = 0.045, Table 1).

Throughout the entire study period, patients were surgically treated in 39 hospitals, 
including nine UMCs and 30 general hospitals. During this period, in our cohort, 
the median number of surgical procedures (hemi- or total thyroidectomy, or lymph 
node dissection, when performed at different dates) per hospital was two (range 1-30). 
Over the past decade, 50 patients were treated in 16 different hospitals, including nine 
UMCs and seven general hospitals.

Table 1. Baseline characteristics of patients with pediatric differentiated thyroid carcinoma

Characteristic All patients

(n = 105)

0-10 years

(n = 10)

11-14 years

(n = 34)

15-18 years

(n = 61)

P Valuea

Sex, n (%) 0.006

Male 17 (16.2) 5 (50.0) 6 (17.6) 6 (9.8)

Female 88 (83.8) 5 (50.0) 28 (82.4) 55 (90.2)

Age at diagnosis, years 15.6 (5.8-18.9) 9.5 (5.8-10.8) 13.0 (11.1-14.8) 17.1 (15.3-18.9) n.a.

Histology, n (%) 0.363

Papillary 85 (81.0) 9 (90.0) 25 (73.5) 51 (83.6)

Follicular 20 (19.0) 1 (10.0) 9 (26.5) 10 (16.4)

Primary tumor size, cm 2.5 (0.3-9.0) 1.4 (0.8-5.0) 2.9 (1.0-5.5) 2.5 (0.3-9.0)

Localization, n (%) 0.193

Unilateral 67 (63.8) 5 (50.0) 23 (67.7) 39 (63.9)

Bilateral 28 (26.7) 3 (30.0) 9 (26.5) 16 (26.2)

Otherb 0.493

Isthmus 3 (2.9) 1 (10.0) 0 (0.0) 2 (3.3)

Thyroglossal duct 1 (1.0) 0 (0.0) 0 (0.0) 1(1.6)

Unknown 6 (5.7) 1 (10.0) 2 (5.9) 3 (4.9)

Multifocality, n (%) 0.632

No 50 (47.6) 4 (40.0) 18 (52.9) 28 (45.9)

Yes 29 (27.6) 3 (30.0) 7 (20.6) 19 (31.1)

Unknown 26 (24.8) 3 (30.0) 9 (26.5) 14 (23.0)

Continues on next page
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Surgical complications 
As shown in Table 2, post-operative transient and permanent hypoparathyroidism 
were observed in 16 (15.2%) and 25 (23.8%) patients, respectively. Both transient and 
permanent hypoparathyroidism occurred more often in patients who underwent 
a lymph node dissection. Unilateral RLN injury occurred in 12 (11.4%) patients. Bilateral 
RLN injury occurred only in a 15-year-old patient with extended disease who was 
treated with a total thyroidectomy, a central compartment dissection and a bilateral 
modified lymph node dissection. The right RLN was encased by the tumor and was 
removed as part of the surgical procedure. RLN injury occurred more often in patients 
with tumors staged T3-T4 compared to stage T1-T2 (P <0.001), and in patients with 
lymph node involvement (P <0.001). The frequency of surgical complications did not 
differ between initial surgery performed before or during the last decade, either 

Table 1. (continued)

Characteristic All patients

(n = 105)

0-10 years

(n = 10)

11-14 years

(n = 34)

15-18 years

(n = 61)

P Valuea

TNM stage, n (%)
T 0.960

T1-T2 65 (61.9) 6 (60.0) 21(61.8) 38 (62.3)

T3-T4 26 (24.8) 2 (20.0) 9 (26.5) 15 (24.6)

Txc 14 (13.3) 2 (20.0) 4 (11.8) 8 (13.1)

N 0.339

N0 53 (50.5) 4 (40.0) 15 (44.1) 34 (55.7)

N1a-N1b 46 (43.8) 6 (60.0) 17 (50.0) 23 (37.7)

Nxc 6 (5.7) 0 (0.0) 2 (5.9) 4 (6.6)

M 0.752

M0 82 (78.1) 8 (80.0) 25 (73.5) 49 (80.3)

M1b 14 (13.3) 1 (10.0) 6 (17.6) 7 (11.5)

Lung 11 1 5 5

Bone 1 0 0 1

Lung and bone 2 0 1 1

Mxc 9 (8.6) 1 (10.0) 3 (8.8) 5 (8.2)

Surgery, n (%)
Total thyroidectomy 105 (100) 10 (100) 34 (100) 61 (100) n.a.

Lymph node dissection 0.045

None 49 (46.7) 4 (40.0) 15 (44.1) 30(49.2)

Central LND 10 (9.5) 4 (40.0) 1 (2.9) 5 (8.2)

LND incl. lateral levels 36 (34.3) 2 (20.0) 15 (44.1) 19 (31.1)

Unknown 10 (9.5) 0 (0.0) 3 (8.8) 7 (11.5)

Numbers are expressed as median (range). Abbreviations: LND, lymph node dissection; n.a., not applicable. 
a Differences tested between the three age groups. Missing or unknown values excluded from statistical testing. b 

Summarized as 1 variable for statistical testing. c ‘x’ indicates that there has been no assessment of that tumor 

characteristic, or information about that characteristic was not available.
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in a crude model or after adjustment for T stage and performance of lymph node 
dissection (odds ratio (OR) 0.96, 95% confidential interval (CI) 0.42 to 2.17, P = 0.912 and 
OR 0.94, 95% CI 0.32 to 2.72, P = 0.904, respectively). Finally, age group was not related 
to the occurrence of surgical complications, either in a crude or adjusted model (P = 
0.550 and P = 0.189, respectively).

131I administrations and TSH suppressive therapy
Data regarding 131I administrations are provided in Table 3. One hundred and two (97.1%) 
patients were treated with 131I, with a median cumulative activity administered during 
initial treatment and follow-up of 5.66 GBq (range 0.74-35.15 GBq). The median number 
of 131I administrations was 1 (range 1-6). Ninety-four (89.5%) patients underwent 131I 
ablation therapy within 6 months after initial surgical treatment. By doctor’s choice, 
three patients did not receive 131I ablation therapy. Higher tumor stage (T3-T4), 
lymph node involvement, and distant metastases were independently associated 
with a higher administered cumulative 131I activity (P <0.001) and with an increase in 
the number of 131I administrations (P <0.001). The cumulative 131I activity and the number 
of 131I administrations during initial treatment and follow-up did not differ between age 
groups at diagnosis (P = 0.227 and P = 0.225, respectively, data not shown). Pulmonary 
fibrosis was not encountered in the medical charts. No patients were treated with 
external beam radiotherapy, chemotherapy or tyrosine kinase inhibitors for DTC. TSH 
values of 104 (99.0%) patients were available for analysis. Median TSH level during 
follow-up was 0.17 mU/L (range 0.01-4.74 mU/L). TSH was suppressed below 0.10 mU/L 
during the entire follow-up in 36 (34.6%) patients. The TSH level was not associated 

Table 3. 131I administrations in patients with pediatric differentiated thyroid carcinoma

Group Cumulative 131I activity 

(GBq)
P Valuea 131I administrations, n P Valuea

All patients (n = 100)b 5.66 (0.74-35.15) 1 (1-6)

T1-T2 (n = 62) 5.55 (0.74-31.49) <0.001 1 (1-6) <0.001

T3-T4 (n = 26) 12.36 (1.78-35.15) 3 (1-6)

Tx (n = 12) 4.63 (1.22-27.85) 1 (1-5)

N0 (n = 49) 3.70 (1.00-21.46) <0.001 1 (1-6) <0.001

N1a-N1b (n = 45) 11.10 (0.74-35.15) 2 (1-6)

Nx (n = 6) 6.75 (1.85-8.33) 1 (1-2)

M0 (n = 77) 5.55 (0.74-35.15) <0.001 1 (1-6) <0.001

M1 (n = 14) 14.43 (6.11-29.79) 3 (1-5)

Mx (n = 9) 5.55 (1.85-27.85) 1 (1-5)

All data expressed as median (range). Abbreviation: 131I, radioactive iodine. a Differences tested between T1-T2 and 

T3-T4, N0 and N1a-N1b, M0 and M1. Tx, Nx, Mx excluded from statistical testing. b Administered 131I activity was 

unknown in two patients; three patients did not receive 131I treatment. Therefore n = 100 instead of n = 105. 
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with recurrent disease, either in a crude model (OR 1.98, 95% CI 0.80 to 4.86, P = 0.140), 
or after adjustment for risk classification (OR 2.00, 95% CI 0.78 to 5.17, P = 0.152). 

Outcome
At last known follow-up, nine (8.6%) patients had persistent disease, six of whom were 
classified as such based on a detectable Tg level. Eight (7.6%) patients experienced 
a recurrence (Table 4). Recurrence free survival (RFS) from initial treatment to first 
recurrence ranged from 3.9 to 22.7 years. Three of eight patients relapsed within 5 
years after initial treatment. Of the 11 (10.5%) patients who had not been treated with 
131I within 6 months after total thyroidectomy, two developed a recurrence (P = 0.197, 
data not shown). As shown in Table 5, T3-T4 stage, lymph node involvement, and 
distant metastases stage were associated with persistent disease (P = 0.040, P = 0.010, 
and P = 0.020, respectively). No associations were found between initial TNM stage 
and recurrences. The three patients who initially presented with bone metastases 
became free of disease after administration of 13.7, 11.8, and 14.8 GBq 131I, and remained 
in remission after a follow-up of 2.9, 5.1, and 13.2 years, respectively. Outcome did not 
differ between patients with PTC and FTC, or between the three age groups (P = 0.411 
and P = 0.789, respectively, data not shown). Outcome could not be assessed for two 
patients because of follow-up less than 1 year. For another patient, information to 
evaluate outcome was not available. 

Median follow-up in patients with recurrent disease was 24.7 years (range 10.7-41.5 
years), significantly longer than in patients who remained in remission (11.4 years, 
range 1.3-44.7 years) and in patients with persistent disease (5.5 years, range 1.7-36.1 
years) (P = 0.030, data not shown). 

Data regarding SMNs after pediatric DTC are provided in Supplemental Table 3. 

DISCUSSION
This nationwide study of pediatric patients with well-differentiated thyroid cancer in 
the Netherlands confirms an excellent overall survival. All patients underwent total 
thyroidectomy with nodal dissection in 43.8%, followed in the majority of patients 
by high-dose 131I ablation therapy. Over a 43-year period, 105 patients were surgically 
treated in 39 hospitals. In 32.4% of them life-long postoperative complications 
(permanent hypoparathyroidism and/or RLN injury) were present. A significant 
number of patients had persistent disease or experienced a recurrence. Despite small 
patient numbers, our cohort is one of the largest to be described for this rare disease in 
children. It gives insight into relevant clinical parameters that can be used to improve 
evidence-based treatment and follow-up strategies. 

In our opinion, the incidence of hypoparathyroidism, using strict definitions in 
our cohort, seems to be relatively high compared to comparable cohorts of pediatric 
patients treated for DTC (transient and permanent hypoparathyroidism in 15.2% and 
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23.8%, respectively, previously described in 7.4-32.7% and 0-32%, respectively) (12, 

20-23). In adults, these complications were less frequently encountered (6.2-14.2% 

and 0-4.0%, respectively) (24, 25). The occurrence of RLN injury in our cohort (12.4%) 

was comparable with other pediatric cohorts (0-40%), as well as with reported adult 

data (0-38.4%) (14, 21, 26, 27). However, it should be considered that definitions of 

surgical complications are heterogeneous. Complication rates therefore vary widely 

in the literature. Total thyroidectomy, which is recommended for the vast majority of 

pediatric patients with DTC, is associated with a higher complication risk than partial 

thyroidectomy, particularly when combined with lymph node dissection (4-6, 13). 

Another major factor that could have contributed to our complication rates might 

be the high number of centers where surgery was performed on this low-volume 

high-risk patient group. Due to the low numbers of surgical treatments per hospital 

in our cohort we were not able to analyze differences in the occurrence of surgical 

complications between high- and low-volume centers. However, it has been shown 

that complications of thyroid surgery in pediatric patients are reduced when surgery is 

performed by high-volume surgeons (6). High-volume surgery may also be associated 

with fewer incomplete resections. Therefore the need for further centralization of care 

for pediatric patients with DTC is essential, as has been recommended by the ATA (4). 

The cumulative therapeutic 131I activity during initial treatment and follow-up in our 

cohort was relatively high. Given the good survival rate, it can be questioned whether 

children could just as well be treated with lower therapeutic activities, as suggested by 

recent guidelines (4, 5). The dosage of 131I is of importance, given that pulmonary fibrosis 

Table 5. Outcome of patients with pediatric differentiated thyroid carcinoma

Group Remission, 

n (%)

Recurrence, 

n (%)

P Valuea,b Persistent 

disease, n (%)

P Valuea,c Unknown, 

n (%)d

All patients (n = 105) 85 (81.0) 8 (7.6) 9 (8.6) 3 (2.9)

T1-T2 (n = 65) 54 (83.1) 6 (9.2) 1.000 3 (4.6) 0.040 2 (3.1)

T3-T4 (n = 26) 18 (69.2) 2 (7.7) 5 (19.2) 1 (3.8)

Tx (n = 14) 13 (92.9) 0 (0.0) 1 (7.1) 0 (0.0)

N0 (n = 53) 47 (88.7) 4 (7.5) 0.713 1 (1.9) 0.010 1 (1.9)

N1a-N1b (n = 46) 32 (69.6) 4 (8.7) 8 (17.4) 2 (4.3)

Nx (n = 6) 6 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

M0 (n = 82) 70 (85.4) 7 (8.5) 1.000 4 (4.9) 0.020 1 (1.2)

M1 (n = 14) 10 (71.4) 0 (0.0) 4 (28.6) 0 (0.0)

Mx (n = 9) 5 (55.6) 1 (11.1) 1 (11.1) 2 (22.2)

a Differences tested between T1-T2 and T3-T4, N0 and N1a-N1b, M0 and M1. Tx, Nx, Mx and unknown outcome 

excluded from statistical testing. b Patients in remission and with recurrent disease compared. c Patients in remission 

and with persistent disease compared. d Outcome unknown in one patient and could not be assessed in two patients 

due to follow-up less than 1 year (all summarized as unknown outcome). 
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was observed as a side effect in 7.2% of patients with lung metastases in a high-risk 
Chernobyl-related pediatric cohort (28). In our cohort we did not observe pulmonary 
fibrosis after a similar follow-up period. As the presence of pulmonary fibrosis was 
assessed from medical records in our study, we may have missed subclinical cases. 
Nevertheless, it is our opinion that the administration of 131I should be considered 
very carefully in pediatric patients to prevent possible early and late adverse effects 
(29, 30). This is especially the case in children with low-risk DTC as no benefit of 131I 
ablation therapy has been shown in adults with low-risk disease (31). High 131I activities 
should be reserved for children with metastatic disease, as advocated earlier by  
Verburg et al. (7). 

In about one-third of the patients in our cohort TSH was suppressed during 
the entire follow-up. To the best of our knowledge, our study is the first to report that 
TSH level is not associated with recurrent disease in children with DTC. This finding 
upholds the first ATA guidelines for pediatric patients with DTC, which recommend 
tempering TSH suppression in children showing no evidence of disease (4). However, 
this should be interpreted carefully as our study probably has a lack of power.

The prevalence of cervical lymph node metastases at initial diagnosis in our 
cohort (43.8%) is in the lower range of prevalences as reported in other pediatric 
series (39-90%) (15, 21, 22, 32-34). The prevalence of distant metastases in our study is 
comparable to that from other pediatric cohorts (32, 33). 

Persistent disease was more often found in patients with higher T stage, cervical 
lymph node involvement and distant metastases at diagnosis. One-third of the patients 
with persistent disease had lung metastases at last known follow-up. The other two-
thirds were classified as having persistent disease based on a detectable Tg level. It 
must be considered that Tg levels are not always analyzed in the literature, and that 
patients with detectable Tg levels are not always classified as having persistent disease 
in other studies. 

We report a recurrence rate of 7.6%, which is low compared with a study involving 
comparable treatment and follow-up (18.8%) (33). Our study definitions of recurrent 
disease may have contributed to the low recurrence rate, as we did not interpret 
disease activity within 1 year after initial treatment as recurrent disease. In contrast to 
some other studies, in our cohort recurrences were not associated with initial TNM 
stage and did not differ between age groups (14, 33, 35). RFS ranged from 3.9 to 22.7 
years. This favors lifelong follow-up of children. Patients with recurrent disease were 
significantly longer in follow-up compared to patients in remission and with persistent 
disease. This prolonged follow-up might be explained by the wish of physicians to 
follow patients with recurrent disease for a longer time than patients who remain  
in remission. 

Possible differences in presentation of sporadic DTC compared to radiation-
induced DTC could not be detected, as the number of patients with SMN in our cohort 
was low and the median follow-up was relatively short to develop a SMN. 
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Limitations of this study are related to its retrospective design. As patients were 
treated in many hospitals over more than 40 years, complete information from 
medical records could not always be retrieved. Furthermore, preoperative staging and 
patient management were not similar in all hospitals and have evolved over time. In 
addition, the association between lymph node dissection and occurrence of surgical 
complications should be interpreted carefully as the number of procedures per 
hospital was small and information on the selection criteria for the extent of surgery 
was often lacking. However, over the last decades the general consensus on treatment 
for pediatric DTC has in the Netherlands remained roughly unchanged. Finally, various 
TSH assays have been used. However, we expect limited influence of the assay 
differences on the results, as the lower limits of the reference ranges remained more 
or less stable. 

In conclusion, the life expectancy for children with DTC is excellent. However, 
many patients experience adverse effects from thyroid surgery, resulting in lifelong 
complications in 32.4%. Centralization of care for pediatric patients with DTC is crucial 
to reduce treatment-related damage in this young patient group. In the near future, 
treatment for pediatric patients with DTC will be further centralized in one or two 
hospitals in the Netherlands. Furthermore, the administration of 131I should be weighed 
very carefully to prevent early and late adverse events. Further studies are needed 
to evaluate long-term sequels. International collaboration using homogeneous 
definitions can accelerate evaluation and improvement of treatment for children  
with DTC. 
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SUPPLEMENTARY DATA

Supplemental Table 1. Participants versus non-participants

Characteristic Participants

(n = 105)

Non-participants

(n = 64)

P Valuea

Sex, n (%) 0.038

Male 17 (16.2) 19 (29.7)

Female 88 (83.8) 45 (70.3)

Age at diagnosis, years 15.6 (5.8-18.9) 15.5 (4.9-18.8) 0.498

Histology, n (%) 0.394

Papillary 85 (81.0) 50 (78.1)

Follicular 20 (19.0) 8 (12.5)

Unknown 0 (0.0) 6 (9.4)

TNM stage, n (%)
T 0.960

T1-T2 65 (61.9) 21 (32.8)

T3-T4 26 (24.8) 14 (21.9)

Tx 14 (13.3) 29 (45.3)

N 0.339

N0 53 (50.5) 17 (26.6)

N1a-N1b 46 (43.8) 24 (37.5)

Nx 6 (5.7) 23 (35.9)

M 0.752

M0 82 (78.1) 27 (42.2)

M1b 14 (13.3) 12 (18.8)

Mx 9 (8.6) 25 (39.1)

Follow-up, years 11.7 (1.1-44.7) 18.1 (0.3-40.4)b 0.043

Numbers are expressed as median (range). a Missing or unknown values and Tx, Nx, Mx excluded from statistical 

testing. b If date of diagnosis was available (n = 61). c ‘x’ indicates that there has been no assessment of that tumor 

characteristic, or information about that characteristic was not available.
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Supplemental Table 2. History of radiotherapy and malignant neoplasms during childhood

Variable Patients

(n = 105)

Age at diagnosis 

primary malignancy 

other than DTC

Age at 

diagnosis 

DTC

Histology and 

TNM DTC

DTC as primary malignancy, n (%)
No history of radiation 99 (94.3) n.a. n.a. n.a.

History of cervical radiation for  

benign conditionsa

2 (1.9) n.a. 17 y; 16 y PTC, TxN1bM0;

PTC, T1bN0M0

DTC as Second Malignant Neoplasm, 

n (%)
Langerhans cell histiocytosis Chemob 1 (0.95) 8 y 18 y FTC, T2N0M0

Acute Lymphoblastic Leukemia  

Chemo + RTc

1 (0.95) 5 y 10 y PTC T1bN0M0

Medulloblastoma Chemo + RTd 1 (0.95) 9 y 18 y PTC, T3N1bM1

Neuroblastoma 131I-MIBG + chemoe 1 (0.95) 4 m 6 y PTC, T1N1M0

Abbreviations: DTC, differentiated thyroid carcinoma; Chemo, chemotherapy; RT, radiotherapy; 131I-MIBG, 
131I-metaiodobenzylguanidine; n.a., not applicable; y, years; PTC, papillary thyroid carcinoma; FTC, follicular  

thyroid carcinoma.
a One patient received cervical RT for eczema (total dose 7.2 Gy) between ages 4-17 years. The second patient received 

cervical RT (total dose breast and cervical region 32 Gy between ages 1-12 months for a nevus flammeus. Patients 

received RT between 1958 and 1970. b Vinblastine, prednisolone, cyclophosphamide. c Rubidomycin, adriamycin, 

cyclophosphamide + cranial RT dose 18 Gy. d Vincristine, cysplatinum + craniospinal RT dose 23.4 Gy. e 4x 131I-MIBG + 

carboplatin, vincristine, etoposide, carboplatin, ifosfamide (VECI).

Supplemental Table 3. Second malignant neoplasms after pediatric differentiated thyroid carcinoma

Sex Histology  

and TNM

Age at diagnosis 

DTC, years

Cumulative  
131I activity (GBq) 

before SMN

SMN Age at 

diagnosis 

SMN, years

F PTC, TxNxMx 11 8.33 Breast cancer 39

F FTC, T4aN1bM0 13 35.15a Breast cancer 53

F PTC, T1bN1bM0 13 0 High-grade cervical 

intraepithelial neoplasia

26

Abbreviations: DTC, differentiated thyroid carcinoma; SMN, second malignant neoplasm; F, female; PTC, papillary 

thyroid carcinoma; FTC, follicular thyroid carcinoma. a During follow-up, this patient developed 2 recurrences, for 

which she was treated with 131I. 
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ABSTRACT 
Context
Distant metastases (DM) from childhood differentiated thyroid carcinoma (DTC) are 
uncommon and published studies are limited. 

Objective
To describe the long-term outcomes of patients with DM from childhood DTC and to 
evaluate the molecular landscape of these tumors.

Design, Setting, and Patients
Retrospective study at a tertiary cancer center including patients with pediatric DTC 
(diagnosed at age <19 years from 1946-2019) and DM. 

Results
We identified 148 patients; 144 (97%) had papillary thyroid carcinoma (PTC) and 
104 (70%) were female. Median age at DTC diagnosis was 13.4 (IQR 9.9-15.9) years. 
Evaluable subjects received a median of two (IQR 1-3) radioactive iodine (RAI) 
treatments at a median cumulative administered activity of 238.0 (IQR 147.5-351.0) 
mCi. The oncogenic driver was determined in 64/69 PTC samples: RET fusion (38/64; 
59%), NTRK1/3 fusions (18/64; 28%), and the BRAF V600E mutation (8/64; 13%). At 
last evaluation, 93% had persistent disease. The median overall and disease-specific 
survival after DTC diagnosis were 50.7 and 52.8 years, respectively. Eight (5%) PTC 
patients died of disease after a median of 30.7 (IQR 20.6-37.6) years.

Conclusions
Childhood DTC with DM persists in most patients despite multiple courses of RAI, 
but disease-specific death is uncommon, typically occurring decades after diagnosis. 
Fusions are highly prevalent in PTC and all identified molecular alterations have 
appropriate targeted therapies. Future studies should focus on expanding genotype-
phenotype correlations, determining how to integrate molecularly-targeted therapy 
into treatment paradigms, and relying less on repeated courses of RAI to achieve cure 
in patients with DM from childhood DTC.
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INTRODUCTION 
The most common endocrine malignancy, differentiated thyroid carcinoma (DTC) is 
rarely diagnosed during childhood and accounts for about 4% of all pediatric cancers 
(1). Approximately 90% of children with DTC have papillary thyroid carcinoma (PTC) 
whereas <10% are diagnosed with follicular thyroid carcinoma (FTC) (2,3). From 2012-
2016, the age-adjusted incidence rates of thyroid cancer in the United States ranged 
from 1.6 cases/million/year in children ages 5-9 years to 34 cases/million/year in 
adolescents (ages 15-19), the most commonly affected pediatric age group (4). Rates 
of pediatric DTC have been increasing over the decades, a phenomenon that cannot 
solely be explained by an increased diagnosis of small or incidental tumors (1,2,4,5). 

At diagnosis, children present with more advanced disease compared with adults. 
Children with PTC have larger primary tumor sizes with frequent extrathyroidal 
extension and are more often diagnosed with lymph node and distant metastases 
(DM) (6-17). The lungs are the primary site of DM, which is identified in up to ~25% of 
childhood DTC patients (7,13,15-34), depending on the series. The risk of DM correlates 
with the presence and extent of lymph node metastases (7,9,20,34). Despite more 
extensive disease at presentation, children have an extremely low disease-specific 
mortality regardless of the fact that most patients with DM from pediatric DTC do not 
reach remission (10,13,15,16,23,25,26,30,34-36). 

The molecular pathogenesis of DTC, especially PTC, has become better elucidated over 

the years. Point mutations and gene fusions that activate the mitogen-activated protein kinase 

pathway play a major role in thyroid cancer development and propagation (37,38). In pediatric 
PTC, chromosomal rearrangements involving the REarranged during Transfection 
(RET) proto-oncogene and the neurotropic tyrosine receptor kinase (NTRK) genes 
(NTRK1 and NTRK3) are the most common oncogenic drivers (14,32,39-47). The BRAF 
V600E point mutation is also prevalent in childhood PTC (32,40-43,45-50), but at 
a much lower rate than adult PTC. These differences in molecular pathogenesis most 
likely explain the differences in clinical behavior observed between older and younger 
patients with PTC. Knowledge regarding tumor genotype may inform the expected 
clinical course, response to radioactive iodine (RAI), and potential for gene-targeted 
therapy for progressive DM. However, there has been very limited research in this area 
as relates to pediatric DTC.

The management of pediatric thyroid cancer with DM is challenging, given 
the excellent prognosis and protracted clinical course of childhood DTC, coupled 
with unique concerns regarding the potential long-term sequelae of overzealous 
treatment during childhood. To date, there have been few large-scale studies with 
comprehensive clinical data and extended follow-up periods in patients with DM 
from childhood DTC, and none of these incorporated testing for somatic molecular 
alterations. Therefore, data on clinical outcomes and tumor genotype are lacking in 
these patients. In the current study, we sought to describe the clinical characteristics 
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and long-term outcomes of patients with DM and a diagnosis of pediatric DTC. 
The second aim was to evaluate the molecular genotype of pediatric PTC in a large 
subset of study subjects and to assess possible relationships between mutational 
status and clinical characteristics. 

MATERIALS AND METHODS
This study was performed at The University of Texas MD Anderson Cancer Center, 
a tertiary referral center for thyroid cancer located in Houston, Texas, USA. Using 
institutional databases, we identified subjects diagnosed with pediatric DTC from 1946 
to 2019 and retrospectively reviewed their medical records for eligibility. Patients were 
considered eligible for study inclusion if they had been diagnosed with DTC during 
childhood (defined as <19 years old) and were found to have DM at any time point 
of their follow-up, including adulthood. Subjects were excluded if they did not have 
at least one in-person clinic visit or if there was insufficient clinical information to 
determine DM status. Some subjects included in the current study have been reported 
in prior published studies and case reports (20,21,36,51,52). This study was approved 
by the MD Anderson Institutional Review Board. A waiver of informed consent was 
requested and granted by the IRB for the data collection and retrospective review. 

Data retrieval
Data regarding diagnosis, pathology, molecular test results, surgical treatment, 
administration of RAI, additional therapies (surgery, systemic therapy, external beam 
radiation therapy or other interventions), and clinical follow-up (imaging; levels of 
thyroid-stimulating hormone (TSH), thyroglobulin (Tg), and thyroglobulin antibodies 
(TgAb)) were extracted from the electronic or paper medical records. If medical 
records were incomplete, subjects were contacted for written consent, and additional 
records were obtained from outside institutions to supplement the MD Anderson data.

Study definitions
Date of diagnosis was defined as the date of initial histologic confirmation of DTC 
resulting from primary thyroid surgery or core thyroid biopsy, excisional or core 
lymph node biopsy, or biopsy of DM. For staging, we used the 8th edition of the tumor 
node metastases classification of the American Joint Committee on Cancer (AJCC) 
(53). TNM stage was scored based on the maximal known disease extent during clinical 
follow-up. For example, if lateral neck lymph node or distant metastases were identified 
at any moment after initial therapy, the node stage would be scored as N1b or M1, 
respectively, with the assumption that this disease was present (but unrecognized) 
at the time of diagnosis. By definition, all patients included in this study were stage 
group II, even though DM may not have been identified within the first four months 
of diagnosis (as is used for AJCC staging). This was done because, due to the nature 
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of pediatric DTC and its indolent clinical course, exact staging at diagnosis was not 
available or inaccurate in some cases due to the delay in recognition of other sites of 
disease, especially decades ago when sensitive diagnostic imaging and tumor markers 
were unavailable. For TNM staging, if surgical and pathological data were incomplete 
or unavailable, or if the patient received systemic therapy prior to surgery, clinical data 
such as physical exam findings and imaging studies were used to complete staging. If 
the pathology report at MD Anderson was incongruent with the outside report, we 
used the MD Anderson interpretation for histopathologic characterization. Patients 
with PTC were categorized according to the American Thyroid Association (ATA) 
pediatric risk level classification (low-, intermediate-, or high-risk level) (11). ATA risk 
level was determined only by the initial clinical and histopathologic findings.

The date of DM diagnosis was the date of first confirmation of distant disease. If 
the date of the identification of the DM preceded the histological confirmation of 
DTC, the date of DTC diagnosis was considered to be the date of DM diagnosis. Distant 
metastases were defined as the presence of at least one of the following: i) RAI uptake 
consistent with iodine-avid thyroid cancer metastases on the diagnostic and/or 
therapeutic whole body scan outside of the thyroid bed or cervical/mediastinal lymph 
nodes; ii) pathologically-proven thyroid cancer tissue in the lung, bone, brain, or any 
other organ; iii) enlarging, discrete pulmonary nodules consistent with metastatic 
disease, coupled with a detectable Tg or persistently detectable or rising TgAb; iv) 
multiple (>10) non-calcified solid pulmonary nodules on imaging predominantly 
in the lower lung distribution and determined by the collaborating radiologist (SY) 
to be consistent with pulmonary metastases and associated with a detectable Tg or 
persistently detectable or rising TgAb. When pulmonary nodules were predominantly 
pleural based, they were not considered to be metastases. If imaging or RAI scans were 
ambiguous with regard to the diagnosis of DM, a radiologist (SY) reviewed the chest 
CT images to classify the patient as having DM or not. 

Testing for the molecular oncogenic driver, when obtained, was done as part of 
routine patient care in Clinical Laboratory Improvement Amendments (CLIA)-certified 
laboratories. This analysis was done across a variety of testing platforms and included 
immunohistochemistry (IHC; primarily for the BRAF V600E mutation but in one case 
was also done to look for an NTRK fusion) as well as DNA and/or RNA sequencing. If 
a tumor tested positive for a known oncogenic mutation or fusion, this was considered 
to be a true positive result. A negative result was only considered as a true negative 
result when the tumor was “comprehensively” tested for all relevant oncogenic 
drivers, defined for this study as testing for BRAF and (N/K/H)RAS mutations and 
fusions involving the RET, NTRK1, NTRK3, and anaplastic lymphoma kinase (ALK) genes. 
When patients’ tumors tested negative and were not “comprehensively” tested, we 
considered them as not evaluated. 

We scored disease status at last clinical evaluation as shown in Table 1. These 
categories were adapted from previously published dynamic staging definitions 
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Table 1. Categories of disease status at last known clinical evaluation of patients with childhood DTC and 

distant metastases

Category Imaging Thyroglobulin Thyroglobulin antibodies

No evidence of disease negative below LLNa,b below ULN

Persistent disease 

 Biochemical disease negative above LLNa,b any level

negative below LLN positive (stable or rising)

 Structural disease positive above LLNa,b any level

positive any level positive (stable or rising)

Unable to determine known unknown unknown

unknown known known

Abbreviations: DTC, differentiated thyroid carcinoma; LLN, lower limit of normal; ULN, upper limit of normal. LLN and 

ULN were determined by the laboratory-provided normal reference ranges for the particular assay used. 
a using the athyrotic range for athyrotic patients, if available. b includes both suppressed and stimulated thyroglobulin.

(54,55). Evaluable patients were considered to have both tumor markers and at least 
one type of imaging available for review; if data were missing, the disease status of these 
subjects was considered undeterminable. We did not incorporate an “indeterminate” 
category because we felt it highly unlikely that any durable detectable Tg or non-
declining TgAb after long-term follow-up in a patient with known structural DM would 
represent anything other than persistent disease. 

Deaths were classified as death from DTC, death from a cause other than DTC, 
or death from an unknown cause. Disease-specific survival and overall survival were 
evaluated, the interval of time defined as the date of diagnosis to the date of last 
contact date with the patient (last date of written or verbal contact with patient; 
contact with parent(s) in regard to the patient; or a completed clinic visit) or date of 
death. For disease-specific survival, patients with an unknown cause of death were 
excluded from the analysis. The length of follow-up for disease status was defined 
as the time between the date of diagnosis and the date of the last known clinical 
evaluation. Follow-up to last known disease status and follow-up to last known vital 
status could therefore differ.

Statistical analyses
Study data were collected and managed using REDCap electronic data capture 
tools (56,57) hosted at MD Anderson. Descriptive statistics were used to describe 
diagnostic, pathological, treatment, and outcome variables. Continuous variables are 
summarized with the median and interquartile range (IQR), unless otherwise specified. 
Mann–Whitney U tests were performed for continuous variables. We considered 
differences to be statistically significant at P < 0.05 (two-sided). R software (version 
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3.6.1) and Microsoft Office Professional Plus Excel 2016 (Microsoft Corporation) was 
used for statistical analyses.

RESULTS
Study Subjects
From 1946 to 2019, 602 patients with a new diagnosis or history of pediatric DTC 
(PTC=568; FTC=34) were registered and seen at least once at MD Anderson. Of these, 
148 subjects (24.6%) had been diagnosed with DM at some point during their follow-up. 
Demographic and clinical characteristics are shown in Table 2. The majority of patients 
were female (n=104, 70.3%). Median age at DTC diagnosis was 13.4 years (IQR 9.9 to 15.9 
years); the youngest subject was 2.8 years at diagnosis. Median age at DTC diagnosis 
did not significantly differ between females and males (13.6 years with IQR 10.2 to 16.4 
years vs. 12.5 years with IQR 9.3 to 15.9 years, respectively, P = 0.197). Regarding age of 
diagnosis, 39 patients (26.4%) were diagnosed before the age of 10, 55 patients (37.2%) 
were diagnosed from 10 to 15 years, and 54 participants (36.5%) were diagnosed at 

Table 2. Characteristics of patients with childhood DTC and distant metastases

Characteristic All patients

n = 148

PTC

n = 144

FTC

n = 4

Sex, n (%)
Female 104 (70.3) 100 (69.4) 4 (100)

Male 44 (29.7) 44 (30.6) 0 

Race/Ethnicity, n (%)
White 89 (60.1) 85 (59.0) 4 (100)

Hispanic or Latino 41 (27.7) 41 (28.5) 0

Black 6 (4.1) 6 (4.2) 0

Asian 6 (4.1) 6 (4.2) 0

Half Black, half White 2 (1.4) 2 (1.4) 0

Other 4 (2.7)a 4 (2.8)a 0

Age at DTC diagnosis (years) 13.4 (9.9-15.9) 13.4 (9.8-15.9) 14.3 (12.2-16.8)

Range 2.8-18.9 2.8-18.9 12.2-18.5

Clinical presentation at diagnosis, n (%)
Palpable thyroid nodule or neck mass 121 (87.1) 118 (87.4) 3 (75.0)

Incidental finding by imaging 6 (4.3) 6 (4.4) 0

Compressive symptoms 3 (2.2) 3 (2.2) 0

Nodule/neck mass with compressive symptoms 8 (5.8) 8 (5.9) 0

Other 1 (0.7) 0 1 (25.0)b

Unknown 9 9 0

Age at diagnosis is shown as median (interquartile range). Abbreviations: DTC, differentiated thyroid carcinoma; 

PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma. a Pacific Islander (n=1), half Asian/half White (n=1), 

half Hispanic/half Black (n=1), and half Hispanic/half White (n=1).b In 1 patient, the DTC diagnosis was made after 

evaluation of overt hyperthyroidism and diagnosis of a functioning thyroid nodule. 
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age 15 or older. White (60.1%), Hispanic/Latino (27.4%), Black (4.1%), and Asian (4.1%) 
were the most prevalent races/ethnicities. Information about clinical presentation was 
present for 139/148 patients. Most of these 139 patients (87.1%) presented with only 
a palpable nodule or neck mass that led to the diagnosis of DTC. 

Only 13 of 142 (9.2%) patients with available information (all PTC) had a history 
of external beam radiation therapy (EBRT) with exposure to the neck prior to their 
cancer diagnosis (Supplemental Table 1 (58)). For seven cases, EBRT was part of 
their cancer therapy (acute myeloid leukemia (n=2), alveolar rhabdomyosarcoma, 
B-cell acute lymphocytic leukemia, Hodgkin lymphoma (n=2), neuroblastoma, and 
retinoblastoma). An eighth patient diagnosed with Hodgkin lymphoma before PTC 
diagnosis was not treated with EBRT. In six cases, patients received EBRT for benign 
conditions. A pre-existing thyroid diagnosis was reported in 16/138 (11.6%) evaluable 
patients (hypothyroidism/Hashimoto’s disease [n=8], hyperthyroidism/Graves’ 
disease [n=4], and goiter not otherwise specified [n=4]). A total of 11/133 (8.3%) 
evaluable patients reported to have family members with thyroid cancer; none of 
these reported DTC in a first-degree relative and seven patients had a second-degree 
family member with thyroid cancer. One patient was known to have familial Brugada 
syndrome at diagnosis but none of the other patients had a known familial syndrome 
at diagnosis. 

Treatment (Table 3)
Diagnostic surgery
Definitive thyroid surgery was preceded by another diagnostic surgical procedure 
in 39 cases (26.4%, fine needle aspirations not included). For 32/39 patients, the first 
histologic confirmation of DTC was after a lymph node biopsy; 4/39 patients had a lung 
biopsy; 2/39 underwent a Sistrunk procedure with removal of an ectopic PTC; and 
one patient with widespread DM had the diagnosis confirmed after adrenalectomy. 
The median number of days between diagnostic surgery and initial thyroid surgery 
was 19 days (IQR 10 to 32 days; range 3 to 449 days).

Initial surgical treatment
The majority of patients (n=114/148, 77.0%) had their initial thyroid surgery outside of 
MD Anderson, and 144/147 (98.0%) had a total thyroidectomy, including a completion 
thyroidectomy after lobectomy in 11 subjects. Details regarding the initial thyroid 
surgery were unknown in one case. Three patients (2.0%) with PTC did not have 
a total thyroidectomy after diagnosis. In one patient, only a neck dissection was 
performed since the intended total thyroidectomy could not be accomplished due 
to the invasiveness of the primary disease. In another patient, the intent of surgery 
was a total thyroidectomy, but the pathology report revealed no normal thyroid tissue 
and a residual thyroid lobe was appreciated during RAI therapy; it was assumed that 



DISTANT METASTASES FROM CHILDHOOD DIFFERENTIATED THYROID CARCINOMA

51

3

Table 3. Treatment of patients with childhood DTC and distant metastases

Treatment All patients

n = 148

PTC

n = 144

FTC

n = 4

Initial thyroid surgery, n (%)
Total/subtotal thyroidectomy 133 (90.5) 131 (91.0) 2 (50.0)

Thyroid Lobectomy 11 (7.5) 9 (6.3) 2 (50.0)

Followed by completion 

thyroidectomy

11 9 2

Other 3 (2.0)a 3 (2.1)a 0

Unknown 1 1 0

Initial lymph node resection, n (%)
Yes 119 (86.9) 118 (88.1) 1 (33.3)

Only central compartment 13 13 -

Only lateral neck (uni/bilateral) 29 28 1

Both central and lateral neck 64 64 -

Unspecified lymph node resection 13b 13b -

No 18 (13.1) 16 (11.9) 2 (66.7)

Unknown 11 10 1 

RAI, n (%)
Yes 146 (98.6) 142 (98.6) 4 (100)

No 2 (1.4) 2 (1.4) 0

Time diagnosis DTC to first RAI (months) 2.7 (1.6-4.5)c 2.7 (1.6-4.4)d 3.2 (1.4-18.1)

Range 0.4-474.0 0.4-474.0 1.0-57.9

Number of RAI administrations/patient 2 (1-3)c 2 (1-3)d 1 (1-1.3)

Range 1-9 1-9 1-2

Activity of RAI per administration/

patient (mCi)

143.8 (97.4-158.0)e 143.6 (97.0-157.0)f 150.0 (114.8-175.9)

Range 26.4-532.0 26.4-532.0 104.5-190.0

Total cumulative activity (mCi)/patient 238.0 (147.5-351.0)g 241.4 (147.9-352.1)h 143.4 (119.9-206.3)

Range 29.1-1538.7 29.1-1538.7 104.5-340.0

Numbers are shown as median (interquartile range). Abbreviations: DTC, differentiated thyroid carcinoma; PTC, 

papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; RAI, radioactive iodine. a In 1 patient, the intended 

total thyroidectomy could not be accomplished due to the invasiveness of the disease. In another patient, the intent 

of the surgery was a total thyroidectomy, but the pathology report revealed no normal thyroid tissue. In a third 

patient initially treated in 1946, only a nodulectomy was performed. b In 1 case, only a Delphian node was removed. 

For the other 12 cases an unspecified selective lymph node excision was performed. c n=146 because RAI was not 

administered in 2 cases. (See text.) d n=142, because RAI was not administered in 2 cases (See text). e 11/307 doses were 

excluded from analysis due to missing data regarding the administered activity. 11/302 doses were excluded from 

analysis due to missing data regarding the administered activity. g n=139, because 7 patients had at least one missing 

administered activity of RAI and RAI was not administered in 2 cases. h n=135, because 7 patients had at least one 

missing administered activity of RAI and RAI was not administered in 2 cases.
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tumor had completely replaced the bulk of the thyroid gland. In a third patient who 
was initially treated in 1946, only a nodulectomy was performed. Some extent of lymph 
node resection was done in 119/137 (86.9%) of the study subjects at the initial thyroid 
surgery (Table 3). 

Radioactive iodine 
In the 146/148 (98.6%) patients treated with RAI, the first therapeutic RAI was 
administered after a median of 2.6 months from surgery (IQR 1.6 to 4.5 months). 
The median number of therapeutic RAI administrations was 2 (IQR 1 to 3; range 1 to 9). 
In evaluable subjects, the median administered activity per therapeutic session was 
143.8 mCi (IQR 98.0 to 157.3 mCi, range 26.4 to 532.0 mCi). The median cumulative 
administered RAI activity of 139 patients with all dosing data known was 238.0 mCi (IQR 
147.5 to 351.0 mCi, range 29.1 to 1538.7 mCi). 

Two patients with PTC (1.4%) did not receive RAI. One recently-diagnosed patient, 
whose tumor harbored an NTRK1 fusion, had variable RAI uptake in the pulmonary 
metastases on a diagnostic scan; systemic therapy was started and RAI had not yet 
been administered. The second patient with a RET fusion positive tumor did not 
receive RAI because thyroidectomy could not be accomplished; her disease was 
treated systemically. 

Additional treatment
Additional surgeries besides the initial diagnostic and therapeutic surgeries took 
place in 84 (56.8%) patients. EBRT was given to 14 (9.5%) PTC patients (unknown in 
one patient). This approach was used as adjuvant therapy in five patients who were 
treated between 1946 and 1960. Nine PTC patients had palliative radiation therapy 
for metastatic disease between 1976 and 2013. Cytotoxic or targeted therapy was 
given to 23/143 (16.2%) PTC patients with DM (unknown in one PTC patient). None 
of the FTC patients were treated with systemic therapies (outside of RAI) or external  
beam therapy.

Pathology
Pathology characteristics are shown in Table 4 and Supplemental Table 2 (58). PTC 
was diagnosed in 144 (97.3%) patients and FTC in four subjects (2.7%). The most 
commons subtypes of PTC were the conventional (n=37, 25.7%) and follicular variants 
(n=27, 18.8%). All four patients with FTC (100%) had tumors that were encapsulated 
and angioinvasive, including one patient with an insular variant. The median tumor 
size for 115 evaluable PTC patients was 3.5 cm (IQR 2.3 to 5.5 cm) and 3.0 cm (IQR 2.5 
to 3.5) for the four FTC patients. In terms of TNM staging, the majority of PTC tumors 
were staged as T3 (n=56, 38.9%) and 126 (87.5%) PTC patients had stage N1b disease. All 
four (100%) FTC tumors were staged as T2 and one (25.0%) had N1b disease. In three 
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Table 4. Pathology characteristics of patients with childhood DTC and distant metastases

Characteristic All patients

n = 148

PTC

n = 144

FTC

n = 4

Primary tumor size (cm) 3.5 (2.3-5.5)a 3.5 (2.3-5.5)b 3.0 (2.5-3.5)

Tumor stage, n (%)
T1, T1a, or T1b 21 (14.2) 21 (14.6) 0

T2 40 (27.0) 36 (25.0) 4 (100)

T3, T3a, or T3b 56 (37.8) 56 (38.9) 0

T4a or T4b 16 (10.8) 16 (11.1) 0

Txc 15 (10.1) 15 (10.4) 0

Node stage, n (%)
N0 6 (4.1) 3 (2.1) 3 (75.0)

N1 5 (3.4) 5 (3.5) 0

N1a 7 (4.7) 7 (4.9) 0

N1b 127 (85.8) 126 (87.5) 1 (25.0)

Nx 3 (2.0) 3 (2.1) 0

Focality, n (%)
Unifocal 22 (23.7) 18 (20.2) 4 (100)

Multifocal, unilateral 17 (18.3) 17 (19.1) 0

Multifocal, bilateral 54 (58.1) 54 (60.7) 0

Unable to determine/unknown 55 55 0 

Primary tumor size is show as median (interquartile range). Tumor and node stages represent maximal scores during 

follow-up. Patients were scored according to the 8th edition of the American Joint Committee on Cancer staging 

system. Pathological staging was leading. If surgical and pathological data were incomplete, clinical data were 

used to complete staging. Diffusely infiltrating tumors were scored as multifocal and bilateral. Abbreviations: DTC, 

differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma. a 119 cases. b 115 

cases. c Includes two patients with ectopic PTC.

(2.1%) PTC patients and 3 (75.0%) FTC patients, no metastases in lymph nodes were 
diagnosed. Most PTC patients (76.3%) had multifocal disease and all FTC cases were 
unifocal. ATA Pediatric Risk level was determinable in 126/144 (87.5%) PTC patients: 
109/126 (86.5%) were high risk, 13/126 (10.3%) were intermediate risk, and 4/126 (3.2%) 
patients were low risk. 

Distant Metastases 
The median time from initial DTC diagnosis to DM diagnosis was 2.6 months (IQR 0.6 
to 18.5 months) for all patients; PTC patients had a median time to DM diagnosis of 2.6 
months (IQR 0.5 to 15.6 months) whereas FTC patients were diagnosed with DM after 
a median time of 81.5 months (IQR 38.7 to 140.3 months). The median age at diagnosis of 
DM from DTC was 14.0 years (IQR 11.1 to 17.2 years, range 3.1 to 69.4 years); PTC patients 
had a median age at diagnosis of DM from DTC of 14.0 years (IQR 11.0 to 17.1 years, 
range 3.1 to 69.4 years) whereas FTC patients were diagnosed with DM at a median age 
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of 22.1 years (IQR 15.4 to 29.6 years, range 12.6 to 34.8 years). The diagnosis of DM was 
made in 127/148 subjects (85.8%) before the age of 19 years. 26/148 patients (17.6%) 
were diagnosed with DM at age <10 years, 56 patients (37.8%) between 10 and 15 years, 
and 66 patients (44.6%) were diagnosed with DM at the age of 15 years or older. For 22 
(15%) DTC patients, DM were identified before the histological confirmation of DTC. In 
these patients, DM were identified at a median of 0.4 months (IQR 0.2 to 1.2 months) 
before initial thyroid surgery. 

All 144 PTC patients were diagnosed with DM to the lung, including 129/144 patients 
(89.6%) with lung metastases exclusively. Other sites of DM in PTC patients included 
bone (n=13; 9.0%), brain (n=8; 5.6%), liver (n=3; 2.1%), and adrenal and renal metastases 
in a single patient (0.7%) (Supplemental Table 3 (58)). Two out of the four FTC patients 
solely had lung metastases and the other two had bone metastases alone. 

The majority (76.4%) of subjects were diagnosed with DM within two years 
after their cancer diagnosis. After four months, one, five, 10 and 20 years from DTC 
diagnosis, the proportion of patients diagnosed with DM was 60.1%, 68.2%, 90.5%, 
95.3% and 96.6%, respectively. Details regarding the patients diagnosed with DM 
beyond 10 years after diagnosis (n=10, 6.8%) are shown in Supplemental Table 4 (58). 
Almost all patients with a delayed diagnosis of DM were diagnosed in an earlier era 
when less sensitive diagnostic testing was available, and the delay did not apparently 
lead to worse outcomes as five out of these seven patients were alive at last contact 
with their follow-up ranging from 19.2 to 66.1 years. 

Mutational analysis
The tumors from most patients (95/148; 64.2%; PTC=94; FTC=1) underwent any testing 
to identify the oncogenic driver, and of these, 64 specimens (all PTC) were found 
to have a mutation or gene fusion (Table 5). Fusions were identified in 87.5% (56/64) 
whereas 8/64 (12.5%) tumors had the BRAF V600E mutation. Fusions involved RET in 
38/64 (59.4%) cases (the most common partner being NCOA4) followed by NTRK1 
(11/64; 17.2%) and NTRK3 (7/64; 10.9%). One tumor with a BRAF V600E mutation also 
had a second point mutation (p.E17K) in the v-akt murine thymoma viral oncogene 
homolog 1 (AKT1) gene. A RET fusion was identified in 3/13 tumors (not tested [n=8], 
not comprehensively tested [n=2]) from patients who had received EBRT before their 
DTC diagnosis. Of the 64 patients with a true positive result, the tissue tested included 
the primary tumor (n=17), lymph node metastasis (n=29), either primary tumor or 
lymph node (n=12; exact site unknown), or distant metastasis (n=6). The methodology 
that identified the oncogenic drivers was RNA sequencing in 46 cases, solely DNA 
sequencing in 16 cases, and BRAF V600E IHC in two cases. 

Of the 31 tumors (PTC=30) that tested negatively for oncogenic drivers, only five 
PTC cases were comprehensively tested (i.e. tested for BRAF/RAS mutations and RET, 
NTRK1/3, and ALK fusions). All 31 tumors were tested for the BRAF V600E mutation and 
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Table 5. Somatic molecular analysis in patients with childhood papillary thyroid carcinoma and  

distant metastases

Molecular analysis n = 144

Not tested 50 (34.7)

Tested with oncogenic driver identified 64 (45.8)

RET fusion 38 RET fusion 59%
NCOA4/RET 21

CCDC6/RET 11

TRIM24/RET 2

ERC1/RET 2

PRKAR1A/RET 1

EML4/RET 1

NTRK1 fusion 11 NTRK1 fusion 17%
TPR/NTRK1 4

TPM3/NTRK1 3

IRF2BP2/NTRK1 2

TFG/NTRK1 1

SQSTM1/NTRK1 1

NTRK3 fusion 7 NRTK3 fusion 11%
ETV6/NTRK3 5

SQSTM1/NTRK3 2

BRAF V600E mutation 8a BRAF mutation 13%
Tested without oncogenic driver identified 30 (20.8)

Not comprehensively testedb 25

Comprehensively testedc 5

Abbreviations: RET, rearranged during transfection; NTRK, neurotrophic tyrosine kinase receptor; BRAF, v-Raf murine 

sarcoma viral oncogene homolog B. a In one patient, a BRAF V600E and a v-akt murine thymoma viral oncogene 

homolog 1 (AKT1) mutation were found. b 20/25 patients were tested only for the BRAF V600E mutation and were 

negative. c Tested for BRAF and RAS mutations and RET, NTRK1/3, and ALK fusions. 

were found to be wild type. Of the 95 tested tumors, 62 samples (65.3%; all PTC) were 
tested for (N/K/H)RAS and all were found to be negative. 

Supplemental Table 5 (58) shows the disease characteristics of the various 
oncogenic drivers. The youngest patient to have a tumor with an identified oncogenic 
driver (NTRK3 fusion) was diagnosed with PTC and widely metastatic DM at age four. 
The smallest median tumor size (2.9 cm) was found in patients with a BRAF mutation 
(RET fusion 4.1 cm; NTRK1 fusion 5.2 cm; and NTRK3 fusion 4.5 cm). The median time to 
diagnosis of DM was also longest in patients with a BRAF mutation (11.4 months vs. 3.1 
months in RET fusions; 1.6 months in NTRK1 fusions; and 1.2 months in NTRK3 fusions). 
Given the small numbers of patients, we did not test whether these characteristics 
differed statistically.
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Outcome
For all 148 patients, the median time from diagnosis to last known vital status was 11.8 
years (IQR 7.2 to 18.3 years; range 0.8 to 66.6 years). Sixteen patients (10.8%) died during 
follow-up, including eight (5.4%) patients who died from PTC directly and two patients 
(1.4%) who died from complications of therapy: one at age 10 from respiratory failure 
caused by RAI-induced pulmonary fibrosis and the other at age 70 due to massive 
hemorrhage as a side effect from an anti-angiogenic tyrosine kinase inhibitor. Three 
deaths were not DTC related and the cause of death was unknown for three patients. 
None of the FTC patients died. The median overall survival after DTC diagnosis was 
50.7 years, whereas the median disease-specific survival (excluding the three subjects 
in whom the cause of death was unknown) was 52.8 years (Figure 1). The 5-, 10-, 15-, 
20-, 25-, and 30-year overall survival rates were 98.5%, 97.7%, 96.1%, 93.5%, 90.6%, 
and 86.8%, respectively. For disease specific deaths, these rates were 99.2%, 99.2%, 
99.2%, 96.3%, 93.0%, and 93.0%, respectively. Overall and disease-specific survival 
did not differ for sex or age group (<10, 10-15, and ≥15 years) at DTC or DM diagnosis 
(Supplemental Figure 1 (58)). For the 132 survivors, the median follow-up to last known 
vital status was 11.1 years (IQR 7.0 to 16.1 years, range 0.8 to 65.3 years).

The patients who died from PTC (Supplemental Table 6 (58)) were diagnosed 
between 1956 and 2004. Median follow-up from diagnosis to death from PTC was 
30.7 years (IQR 20.6 to 37.6 years, range 4.5 to 52.8 years) at a median age of 44.5 
years (IQR 36.1 to 49.9 years, range 20.6 to 68.2 years). The youngest patient to die 
was 20.6 years of age and time from diagnosis to death was only 4.5 years; his was an 
extraordinary case of RAI-avid disease in a patient who had been heavily treated for 
stage IV neuroblastoma. All PTC patients who died from their disease had pulmonary 
and extrapulmonary DM at the time of death. Patients who died from PTC received 
a median cumulative administered RAI activity of 473.5 mCi (IQR 250.0 to 805.5 mCi) 
compared with a median of 226.7 mCi (141.8 to 331.0 mCi) in patients who were alive 
at last contact (reported on the seven and 125 patients with a known cumulative 
RAI activity, respectively (Supplemental Table 7 (58)). Molecular testing was done in 
tumors from only 2/8 patients who died from DTC, but testing was not comprehensive 
as defined by this study and no oncogenic driver was identified. Palliative EBRT 
was administered to 6/8 patients and 5/8 of these patients were treated with  
systemic therapy.

Median follow-up from diagnosis of DTC to last clinical evaluation was 10.5 years 
(IQR 6.3 to 16.2 years; range 0.8 to 66.1 years). We were unable to score disease 
status in 22/148 (14.9%) patients because insufficient data were available. At last 
clinical evaluation, 117/126 (92.9%) had persistent disease, of which 110 had structural 
evidence of disease and seven had biochemical evidence of disease. Only 9/126 
evaluable subjects (7.1%) had no evidence of disease as strictly defined by the study 
(Supplemental Table 8 (58)). These nine patients were diagnosed from 1986 to 2014 at 
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Figure 1. Kaplan-Meier survival curves of patients diagnosed with distant metastases from childhood 

differentiated thyroid carcinoma. (A) Overall survival (n=148). Sixteen patients died during follow-up. 

The median overall survival was 50.7 years. (B) Disease-specific survival (n=145). Eight patients died 

from PTC. No FTC-related deaths occurred. The median disease-specific survival was 52.8 years.  The 5-, 

10-, 15-, 20-, 25-, and 30-year overall survival rates were 98.5%, 97.7%, 96.1%, 93.5%, 90.6%, and 86.8%, 

respectively. For disease specific deaths, these rates were 99.2%, 99.2%, 99.2%, 96.3%, 93.0%, and 93.0%, 

respectively. For disease-specific survival, patients with an unknown cause of death (n=3) were excluded 

from the analysis.

a median age of 15.5 years and, of the eight patients with complete records, the median 
cumulative administered activity of RAI was 125.2 mCi (66.5 to 175.6 mCi, Supplemental 
Table 7 (58)). Only spread of DTC to the lungs was identified in these patients. Median 
follow-up to last known vital status was 15.5 years for these nine patients having no 
evidence of disease. 

DISCUSSION
Childhood DTC resulting in DM is rare, and previous studies on this topic have been 
limited by small numbers of subjects, inconsistent testing for molecular alterations, 
short follow-up periods in many pediatric series, and/or a lack of detailed clinical data 
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(especially when derived from large cancer registries). To our knowledge, this single-
center study, which focused on the clinical course and the mutational landscape 
of DTC in 148 patients diagnosed with DM from childhood DTC at any time point, is 
the largest of its kind with extended follow-up as long as six decades in some cases 

The prevalence of DM from childhood DTC diagnosed at any time during follow-up 
has been reported to be as low as 5% (59) and as high as 42% (18), depending on 
the population studied and the treating center. In the current study, DM were 
identified in 24.6% of the subjects diagnosed with DTC of pediatric onset, and over 
two-thirds of these patients had their DM recognized within the first year after 
diagnosis. In some cases the DM will not be recognized until years into clinical follow-
up, especially in patients diagnosed at a time when less sensitive diagnostic testing 
was available. We believe our study overestimates the true prevalence of DM in 
pediatric thyroid cancer patients, which is likely to be lower in the larger cohort of all 
children diagnosed with DTC. This overestimation is most certainly due to a referral 
bias, in addition to not knowing the exact denominator of all patients ever seen at 
our institution with a history of DTC diagnosis before age 19 years. Furthermore, we 
included patients with DM diagnosed during adulthood, which in turn will artificially 
elevate the proportion of patients who are likely to have more advanced disease 
(leading to their referral to a tertiary cancer center). Similar to other series, pulmonary 
metastases were nearly universal, especially in PTC where all patients in our study had 
lung metastases, and the identification of extra-pulmonary sites of disease (most 
commonly bone followed by brain; 11.5% in our series and 10.4% of PTC cases) was less  
common (6,17,23,24,28,31,59-62). 

FTC represents a minority of DTC cases during childhood and has been reported 
even less frequently to be associated with DM, occurring in only 2/20 cases in a large 
Japanese series (63). In our study, only four FTC subjects (2.7 % of the entire DM group; 
11.8% of all the pediatric FTC patients known in our center) were confirmed to have 
DM, and the sites of DM were equally split between the lungs and the skeleton. As 
would be anticipated, and similar to the study by Enomoto et al. (63) and others (6), 
our four cases of FTC were unifocal tumors with evidence for vascular invasion in all 
cases and a low prevalence of cervical lymph node disease. Although death due to 
pediatric FTC has been reported (23,29,59), we had no deaths from FTC in our series. 
Therefore, if deaths from FTC do occur, they appear to be extraordinarily rare. Given 
the small number of FTC cases, comparisons with PTC could not be made but it was 
noted that the latency period from FTC diagnosis to DM diagnosis was longer in the FTC 
patients, which underscores the importance of long-term follow-up of children with 
FTC, especially in the presence of angioinvasive tumors.

The current study was not designed to compare the clinical characteristics of 
patients with stage II DTC (DM+) with those of stage I (DM-) disease, but similar to 
prior studies (7,14,21,23,25,28,34,64), patients with DM had larger tumors and a very 
high rate of lymph node metastases to the lateral neck. The vast majority (86.5%) of 
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evaluable subjects were considered to be ATA high-risk at diagnosis. Patients with 

DM treated at our center were more likely to be female, in keeping with the known 

female predilection in DTC (4). Most of the distantly metastatic tumors comprised 

conventional PTC followed by the follicular and diffuse sclerosing variants of PTC.

Outcomes from pediatric DTC are consistently reported to be excellent, even when 

DM is present at diagnosis (3,10,13,30,34,35). However, most patients are not cured of 

their disease and, similar to other recently published studies (14-16,23,25,26,34), we 

identified a high prevalence of persistent disease (93%) in this population. In addition 

to a referral bias, this high rate of persistent disease may reflect the strict definitions 

used for the study and the better diagnostic studies available in the modern era of 

DTC care such as more sensitive Tg assays and computed tomography. There is also 

less reliance on diagnostic and post-treatment RAI scans for the identification of 

pulmonary metastatic disease, recognizing that RAI non-avid disease does indeed 

occur in children (18,19,34,52). The DTC was indolent in the vast majority of cases with 

a notable long-term survival that exceeds any other distantly metastatic pediatric 

solid tumor. 

Death from pediatric DTC was uncommon; the median overall survival was 50.7 

years and the median disease-specific survival was 52.8 years after diagnosis. Survival 

did not differ based on the age at DTC or DM diagnosis and sex of the patient. When 

death from disease occurred, it was attributed to PTC in all cases after a median of 

three decades after initial diagnosis. In our series, 5.5% of evaluable subjects with 

DM from pediatric-onset DTC died of disease. This is consistent with some studies 

(6,15,25), higher than many others (14,17,19,24,26,28,29,61), and lower than some series 

where death from childhood DTC occurred in 8-22% of cases with DM (10,13,18,27,32-

34). An interesting observation in our study was that those who died of their disease 

all developed extrapulmonary metastatic disease. Most of the patients in the current 

study who died of PTC were diagnosed in an earlier era when less sensitive clinical 

tools were available for disease monitoring, when higher cumulative RAI activities 

were given (thus theoretically increasing the risk of secondary tumor mutations and 

more aggressive disease), and before there were advances in the understanding of 

the molecular alterations that drive PTC and the availability of molecularly targeted 

therapy. Moving forward, it is likely that the death rate will be lower as knowledge 

regarding pediatric DTC expands and treatment approaches evolve. Notably, two 

patients died of complications related to therapy, one from hemorrhage due to 

a tyrosine kinase inhibitor prescribed for progressive disease and the other from 

pulmonary fibrosis caused by overaggressive therapy with RAI. In the Chernobyl 

pediatric cohort, pulmonary fibrosis was identified in 7.2% of 69 patients and resulted 

in the death of one (1.5% of the 69 subjects) (65). Therefore, in children with diffuse 

pulmonary disease that is RAI-avid, additional careful consideration must be given to 

RAI dosing and frequency and monitoring for pulmonary complications of treatment. 
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Our study is one of the first to report the underlying oncogenic driver in a large 
number of patients with DM from childhood DTC. Not unexpectedly, the most 
frequently found oncogenic driver was a fusion (RET fusions being predominant, 
representing 59% of PTC samples with a known driver). NTRK fusions were also 
common (28% of known drivers; NTRK1 > NTRK3) but the BRAF V600E mutation was 
surprisingly seen in ~13% of these tumors. As understood for PTC in general (37,45), 
oncogenic mutations are usually mutually exclusive. We found the same to hold true 
in this study since only one tumor in a patient with an aggressive presentation of 
metastatic PTC had two concurrent somatic mutations (BRAF V600E and AKT1). Of 69 
PTC samples comprehensively tested in our study, the oncogenic driver was identified 
in 93% of cases. In another recent study with comprehensive molecular testing (32), 
all 10 patients with DM were found to have a molecular alteration, suggesting that 
the molecular driver can be identified in almost all cases of pediatric stage II PTC 
after comprehensive testing. Importantly, this has treatment implications since 
the most commonly identified fusions and point mutations all have commercially 
available, molecularly targeted therapies that can be used for systemic therapy if  
clinically indicated. 

The medical literature is sparse as relates to the molecular profiles of distantly 
metastatic tumors and most prior studies have been limited by the lack of 
comprehensive molecular testing, especially for NTRK fusions. In line with previous 
studies (25,32), RET fusions were the most commonly found oncogenic drivers in 
patients with DM from childhood DTC. A RAS mutation was not found in any of our 
cases, and we are aware of only two reported cases of a RAS mutation (one NRAS and 
one HRAS) in young patients with DM (25,32). ALK fusions were also not identified in 
our patient population. Although ALK fusions in pediatric PTC have been described 
(45), unequivocal cases of ALK fusion positive distantly metastatic childhood PTC have 
not yet been published. Therefore, it can be concluded that point mutations in the RAS 
gene and ALK fusions are rare in this population. Furthermore, there have been cases 
of distantly metastatic tumors with MET (32) and AGK-BRAF fusions (50,66). In the five 
PTC patients comprehensively tested for somatic molecular alterations with negative 
results, we did not identify a BRAF (n=4) or MET fusion (n=3). In three of these cases, 
the tumor was tested in a laboratory (using DNA and RNA sequencing) where we have 
seen false negative results, in one the testing was primarily done via analysis of cell free 
DNA (liquid biopsy), and the fifth case had DNA-based testing alone. Therefore we 
cannot rule out a false negative result in these cases. In the setting of an uninformative 
test result when systemic therapy is warranted and knowledge of the oncogenic driver 
paramount, repeat testing in a different laboratory using RNA-based next generation 
sequencing should be considered, understanding that this approach provides optimal 
screening for fusions in genes such as NTRK1 and NTRK3 (67). 

Our sample size was too small to statistically analyze genotype-phenotype 
correlations. However, it appears that patients with BRAF-mutated tumors had smaller 
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tumor sizes and were diagnosed with DM later than patients with other identified 

oncogenic drivers. It is hypothesized that, due to the increased risk of RAI refractory 

disease in BRAF-mutated PTC (68,69), it takes longer to recognize DM in these 

cases due to the poor sensitivity of RAI scans. There were no obvious differences in 

the clinical characteristics between RET and NTRK fusions.

This study was not designed to evaluate the prevalence of RAIR refractory disease 

since the images of diagnostic and post-therapy RAI scans were not available in 

all cases and for all episodes of therapy. Although the criteria for RAI-refractory 

disease have been defined in adults (68), this has not been studied in children. Some 

of the adult criteria, such as lack of RAI uptake in known structural disease, would 

certainly be applicable to pediatric DTC but others such as the 600 mCi threshold is not 

translatable to children, understanding that the cumulative mCi activity that defines 

RAI refractory disease in an eight-year-old would be quite different from an 18-year-

old. Given the high rate of persistent disease in our study despite a median of two RAI 

treatments and a median cumulative activity of 248.9 mCi, it would appear that RAI-

refractory disease is more common than previously recognized. However, unlike older 

patients with DTC, RAI-refractory disease in children, even if fluorodeoxyglucose-avid, 

can remain indolent for decades (70) and can be associated with declining Tg levels 

despite no further RAI therapy (71). Understanding that the long-term prognosis in 

patients with DM from DTC diagnosed during childhood is excellent and recognizing 

the high rates of persistent disease despite aggressive RAI therapy, one could strongly 

argue that repeated RAI therapy is unlikely to benefit these patients and may result 

in more harm than good over the course of their lives. Ultimately, further studies of 

the genotype-phenotype correlations in pediatric DTC and a better understanding of 

what distinguishes those cured of their disease from those with persistent disease will 

help to inform decisions regarding RAI during childhood.

Strengths and limitations
The main strengths of the current study are the size of the cohort, the length of follow-

up, and the large group of patients whose tumors were tested molecularly. We were 

able to describe the clinical outcomes of 148 patients with DM from childhood DTC 

through decades of follow-up in many cases. We also identified the oncogenic drivers 

in the largest number of childhood DTC patients with DM. Limitations of the study are 

as would be expected for a retrospective study wherein data was not prospectively 

collected or documented in a systematic fashion. We also had several patients in whom 

we could not determine disease status due to incomplete staging and, in exceptional 

cases, structural disease may have been overcalled (for example, an abnormal cervical 

US without confirmatory biopsy; persistent but stable lung nodules that may or may 

not be active sites of cancer); in these cases the Tg or TgAb was still abnormal and 

therefore, at a minimum, would still be categorized as persistent disease. Furthermore, 
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our patient population is likely to be sicker with more advanced disease compared 
with other academic centers due to our practice in a comprehensive cancer center 
with known expertise in thyroid cancer management. Thus our reported outcomes 
may be worse.

In conclusion, at a tertiary cancer center, DM occurs in up to 25% of pediatric DTC 
cases. These cases are more enriched for PTC compared with the expected distribution 
in DTC as a whole and the lungs are universally affected in PTC. Although most cases 
are diagnosed within a year after DTC diagnosis, the recognition of DM can be delayed 
by years, especially in FTC, which highlights the importance of long-term follow-up in 
children with DTC. Fortunately, despite a high prevalence of persistent biochemical 
and structural disease, the prognosis remains excellent with death from DTC occurring 
in few patients and typically decades after diagnosis. Given the excellent long-term 
survival outcomes and high proportion of persistent disease as seen in our study and 
others, it behooves us to reconsider the aggressiveness of treatment at a young age 
when the patient may be more at risk for the life-long sequelae of surgical therapy and 
RAI. Gene rearrangements (i.e. RET and NTRK1/3 fusions) occurred in 88% of PTC cases 
with a known oncogenic driver, and all identified alterations currently have targeted 
systemic therapies available. Future studies should focus on expanding the genotype-
phenotype correlations in stage II pediatric DTC, determining the best way to integrate 
molecularly-targeted therapy into treatment paradigms, and relying less on repeated 
courses of RAI to achieve cure in patients with DM from childhood DTC.
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SUPPLEMENTARY DATA
DOI: https://doi.org/10.6084/m9.figshare.12948386

Supplemental Table 1. Prior Malignancies and Risk Factors for Childhood DTC prior to Diagnosis

All patients

n = 148

PTC

n = 144

FTC

n = 4

History of EBRT to the neck, n (%)
No 129 (90.8) 126 (90.6) 3 (100)

Yes 13 (9.2) 13 (9.4) 0

Malignant condition 7 7 -

Benign condition 6a 6a -

Unknown 6 5 1 

History of previous cancer, n (%)
No 137 (94.5) 133 (94.3) 4 (100)

Yes 8 (5.5) 8 (5.7) 0

Acute myeloid leukemia 2 2 -

Alveolar rhabdomyosarcoma 1 1 -

B-cell acute lymphocytic leukemia 1 1 -

Hodgkin lymphoma 2 2 -

Neuroblastoma 1 1 -

Retinoblastoma 1 1 -

Unknown 3 3 0

History of RAI treatment or exposure, n (%)
No 140 (100) 137 (100) 3 (100)

Unknown 8 7 1 

Previous thyroid disease, n (%)
No 122 (88.4) 121 (89.0) 1 (50.0)

Yes 16 (11.6) 15 (11.0) 1 (50.0)

Hypothyroidism/Hashimoto’s Disease 8 8 0

Hyperthyroidism/Graves’ Disease 4 3 1b

Goiter not otherwise specified 4 4 0

Unknown 10 8 2 

Abbreviations: DTC, differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid 

carcinoma; EBRT, external beam radiation therapy, and RAI, radioactive iodine. a ‘Enlarged glands of the neck’, 

enlarged thymus, hemangioma, tinea, seizures, and tonsillitis. b In one patient, hyperthyroidism was caused by 

the functioning malignant thyroid nodule. 
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Supplemental Table 2. Additional Pathological Characteristics of Patients with Childhood DTC and  

Distant Metastases

Characteristic All patients

n = 148

PTC

n = 144

FTC

n = 4

Tumor stage, n (%)
T1a 3 (2.0) 3 (2.1) 0

T1b 18 (12.2) 18 (12.5) 0

T2 40 (27.0) 36 (25.0) 4 (100)

T3 6 (4.1) 6 (4.2) 0

T3a 34 (23.0) 34 (23.6) 0

T3b 16 (10.8) 16 (11.1) 0

T4a 16 (10.8) 16 (11.1) 0

T4b 0 0 0

Txa 15 (10.1) 15 (10.4) 0

Subtypes PTC
Not otherwise specified - 41 (28.5) -

Conventional variant - 37 (25.7) -

Follicular variant - 27 (18.8) -

Conventional and other subtypeb - 19 (13.2) -

Diffuse sclerosing variant - 16 (11.1) -

Tall cell variant - 1 (0.7) -

Solid and follicular variant - 1 (0.7) -

Subtypes FTC
Encapsulated angioinvasive - - 4 (100)c

Abbreviations: DTC, differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid 

carcinoma. Patients were scored according to the 8th edition of the American Joint Committee on Cancer staging 

system. Pathological staging was leading. If surgical and pathological data were incomplete, clinical data were used 

to complete tumor and node staging. a Two patients with ectopic PTC were considered Tx. Subtypes of FTC were 

classified according to the latest classification of the World Health Organization (minimally invasive FTC; encapsulated 

angioinvasive FTC; or widely invasive FTC). b Cases that included conventional PTC mixed with another subtype. c For 

one patient, the FTC insular subtype was favored. 
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Supplemental Table 3. Patterns of Distant Metastases in Patients with Childhood DTC 

Site of Distant Metastases All patients

n = 148

PTC

n = 144

FTC

n = 4

Maximal spread of DM, n (%)
Lung only 131 (88.5) 129 (89.6) 2 (50.0)

Bone only 2 (1.4) 0 2 (50.0)

Lung and bone 7 (4.7) 7 (4.9) 0

Lung and brain 2 (1.4) 2 (1.4) 0

Lung, bone, and brain 2 (1.4) 2 (1.4) 0

Lung, bone, brain, and liver 3 (2.0) 3 (2.1) 0

Lung, bone, brain, adrenal, and kidney 1 (0.7) 1 (0.7) 0

Abbreviations: DTC, differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid 

carcinoma; DM, distant metastases.
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Supplemental Table 5. Identified Oncogenic Driver and Disease Characteristics of Patients with Childhood 

PTC and Distant Metastases

RET fusion

n = 38

NTRK1 fusion

n = 11

NTRK3 

fusion

n = 7

BRAF V600E 

mutation

n = 8a

Sex, n (%)
Female 23 (60.5) 6 (54.4) 4 (57.1) 7 (87.5)

Male 15 (39.5) 5 (45.5) 3 (42.9) 1 (12.5)

Age at diagnosis (years) 12.6 (9.9-15.0) 11.9 (8.1-16.1) 12.5 (7.9-14.3) 12.5 (10.9-13.5)

Range 6.8-18.9 6.2-17.5 4.0-15.8 7.6-15.7

Primary tumor size (cm) 4.1 (2.5-7.0)b 5.2 (4.6-6.9)c 4.5 (3.3-5.0) 2.9 (2.3-3.2)d

Lymph node status, n (%)
N0 0 0 0 0

N1a 0 0 0 1 (12.5)

N1b 38 (100) 11 (100) 7 (100) 7 (87.5)

Time to diagnosis DM (months) 3.1 (0.8-14.4) 1.6 (0.4-4.4) 1.2 (0.7-7.7) 11.4 (0.8-32.9)

Last disease status, n (%)
Structural disease 36 (97.3) 11 (100) 7 (100) 7 (100)

Biochemical disease 1 (2.7) 0 0 0

No evidence of disease 0 0 0 0

Unable to determine 1 0 0 1 

Died of DTC, n (%)
Yes 0 0  0 0

No 38 (100) 11 (100) 7 (100) 8 (100)

Follow-up time (years)e 8.4 (5.8-14.0) 5.9 (3.8-8.9) 9.8 (5.8-10.7) 11.5 (5.8-19.5)

Numbers shown as median (interquartile range). Abbreviations: PTC, papillary thyroid carcinoma; RET, rearranged 

during transfection; NTRK, neurotrophic tyrosine kinase receptor; BRAF, v-Raf murine sarcoma viral oncogene 

homolog B; DM, distant metastases. a In one patient, both a BRAF V600E and a v-akt murine thymoma viral oncogene 

homolog 1 (AKT1) mutation were found. b 34 cases. c 10 cases. d 6 cases. 
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Supplemental Figure 1. Overall survival (n=148) and disease-specific survival (n=145) of patients 

diagnosed with distant metastases from childhood differentiated thyroid carcinoma (DTC). (A-C) Overall 

survival, specified by (A) sex, (B) age at DTC diagnosis, and (C) age at diagnosis of distant metastases. 

(D-F) Disease-specific survival, specified by (D) sex, (E) age at DTC diagnosis, and (F) age at diagnosis of 

distant metastases. Categories: Sex; females and males. Age at diagnosis; <10 years, 10-15 years, and ≥15 

years. Age at diagnosis of distant metastases; <10 years, 10-15 years, and ≥15 years. Three patients were 

excluded from disease-specific survival because they had an unknown cause of death.
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Supplemental Table 6. Patients with Distant Metastases from Childhood PTC who Died from Disease (n=8)

ID Sex Year of 

diagnosis

Age at PTC 

Diagnosis

(yrs.)

Previous 

disease 

before 

PTC

Initial Treatment # of RAI 

administrations, 

cumulative activity

[mCi]

T stage N stage Time to 

diagnosis 

DM (mos.)

Maximal DM spread Systemic 

Therapy

EBRT Follow-up 

diagnosis to 

Death (years)

Age at 

Death 

(years)

91 M 2004 16.0 Ya TT 2, 227 T2 N1b 36.2 lung, liver, bone and brain Y Palliative 4.5 20.6

110 M 1993 15.9 N TT + CND + BLND 4, 754 T4a N1b 31.0 lung, liver, bone and brain Y Palliative 18.5 34.4

125 M 1956 18.8 N TT + U 3, U Tx Nx 470.0 lung, bone, and brain Y Initial 44.5 63.3

128 F 1960 9.6 Yb TT + CND 3, 350c T3b N1 133.0 lung and bone N Initial 35.3 45.0

145 F 1959 15.3 N TT + CND 5, 806 T3 N1b 15.0 lung and bone N Palliative 21.3 36.6

146 F 1962 15.4 Yd TT 3, 474 T1b N1b 152.2 lung, liver, bone and brain Y Palliative 52.8 68.2

152 F 1970 13.4 N TT + CND + LND 2, 250 T1a N1b 2.4 lung, bone, brain Y Palliative 30.7 44.1

155 F 1972 14.9 N TT + BLND 4, 718 T3b N1b 0.9 lung and bone N Palliative 30.6 45.5

Median 15.4 33.6 30.7 44.6

Abbreviations; PTC, papillary thyroid carcinoma; U, Unknown; Y, Yes; N, No; TT, total thyroidectomy; CND, central neck lymph 

node dissection; LND, lateral neck lymph node dissection; EBRT, external beam radiation therapy. a Stage IV Neuroblastoma 

treated with chemotherapy and whole body radiation prior to autologous stem cell transplant. b Hemangioma treated with 

neck radiation. c Patient received two RAI treatments with a cumulative administered activity of 350 mCi and one dose with an

unknown activity. d Seizures treated with radiation therapy at an unknown dose. None of the patients with follicular thyroid 

carcinoma died from their disease. IDs 110 and 146 were evaluated for mutations or fusions, but had a negative result after not 

being comprehensively tested for fusions. All other patients who died from DTC were not tested for molecular alterations.
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Supplemental Table 6. Patients with Distant Metastases from Childhood PTC who Died from Disease (n=8)

ID Sex Year of 

diagnosis

Age at PTC 

Diagnosis

(yrs.)

Previous 

disease 

before 

PTC

Initial Treatment # of RAI 

administrations, 

cumulative activity

[mCi]

T stage N stage Time to 

diagnosis 

DM (mos.)

Maximal DM spread Systemic 

Therapy

EBRT Follow-up 

diagnosis to 

Death (years)

Age at 

Death 

(years)

91 M 2004 16.0 Ya TT 2, 227 T2 N1b 36.2 lung, liver, bone and brain Y Palliative 4.5 20.6

110 M 1993 15.9 N TT + CND + BLND 4, 754 T4a N1b 31.0 lung, liver, bone and brain Y Palliative 18.5 34.4

125 M 1956 18.8 N TT + U 3, U Tx Nx 470.0 lung, bone, and brain Y Initial 44.5 63.3

128 F 1960 9.6 Yb TT + CND 3, 350c T3b N1 133.0 lung and bone N Initial 35.3 45.0

145 F 1959 15.3 N TT + CND 5, 806 T3 N1b 15.0 lung and bone N Palliative 21.3 36.6

146 F 1962 15.4 Yd TT 3, 474 T1b N1b 152.2 lung, liver, bone and brain Y Palliative 52.8 68.2

152 F 1970 13.4 N TT + CND + LND 2, 250 T1a N1b 2.4 lung, bone, brain Y Palliative 30.7 44.1

155 F 1972 14.9 N TT + BLND 4, 718 T3b N1b 0.9 lung and bone N Palliative 30.6 45.5

Median 15.4 33.6 30.7 44.6

Abbreviations; PTC, papillary thyroid carcinoma; U, Unknown; Y, Yes; N, No; TT, total thyroidectomy; CND, central neck lymph 

node dissection; LND, lateral neck lymph node dissection; EBRT, external beam radiation therapy. a Stage IV Neuroblastoma 

treated with chemotherapy and whole body radiation prior to autologous stem cell transplant. b Hemangioma treated with 

neck radiation. c Patient received two RAI treatments with a cumulative administered activity of 350 mCi and one dose with an

unknown activity. d Seizures treated with radiation therapy at an unknown dose. None of the patients with follicular thyroid 

carcinoma died from their disease. IDs 110 and 146 were evaluated for mutations or fusions, but had a negative result after not 

being comprehensively tested for fusions. All other patients who died from DTC were not tested for molecular alterations.

Supplemental Table 7. Cumulative Activity and Number of Radioactive Iodine Administrations per Disease 

and Vital Status

Cumulative RAI activity (mCi) No. of RAI doses, n

Disease status at last clinical evaluation
No evidence of disease (n=9) 150.0 (75.0-182.1)1 1 (1-2)

Persistent disease (n=118) 238.0 (139.7-352.0) 2 2 (1-3)

Indeterminate (n=21) 253.4 (150.6-340.0) 2 (1-3)

Vital status3

Died of DTC (n=8)4 462.8 (244.2-739.9)5 3 (2-4)

Alive at last contact (n=132) 211.3 (137.7-309.9)6 2 (1-3)

Numbers are shown as median (interquartile range). 1 One of the 9 patients who had no evidence of disease had an 

unknown administered activity of RAI. 2 Of the 117 patients with persistent disease, 2 patients did not receive RAI and 

6 had an unknown cumulative activity of RAI (n=109). 3 Patients who died of other causes or unknown causes were 

excluded from this analysis (n=8).  All patients had PTC. 5 One of the 8 patients who died of DTC had an unknown 

cumulative administered RAI activity. 6 Five patients alive at last contact had an unknown cumulative administered 

activity of RAI and 2 did not receive RAI (n=125). 
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Supplemental Table 8. Patients with Childhood PTC with Distant Metastases with  

No Evidence of Disease at Last Clinical Evaluation (n=9)

ID Sex Year 

of DTC 

diagnosis

Age at DTC 

diagnosis

(yrs.)

Previous 

disease 

before 

DTC

Initial treatment # of RAI 

administration; 

cumulative activity 

(mCi)

T stage N stage Time diagnosis 

to diagnosis DM 

(mos.)

Maximal DM spread Follow-up to last clinical 

evaluation (yrs.)

Follow-up last known 

vital status (yrs.)

67 M 2010 13.5 N TT + CND + BLND 1; 75 T1b N1b 2.6 Lung 5.2 9.2

37 M 2014 10.9 N TT + CND + LND 1; 64 T2 N1b 6.7 Lung 5.56 5.6

90 F 2008 16 N TT + CND + LND 1; 100 T3a N1b 2.1 Lung 7.8 11.6

58 M 2012 16.4 Ya TT + CND + LND 1; 150 T3 N1b 1.3 Lung 7.9 7.9

97 F 2007 2.8 N HT + HT 1; 29 T2 N1a 3.3 Lung 8.3 12.9

129 M 1989 15.5 N TT + LND 1; 156 T1b N1b 0.9 Lung 11.9 30.9

51 M 2007 15.9 N HT + HT 2; 182 T3a N1a 7.8 Lung 12.4 12.4

140 F 1986 9.5 N TT + LND 2; 257 T3a N1b 1.9 Lung 26.0 31.0

103 M 1970 17.8 N HT + HT 2; U  Tx N1b 0.0 Lung 49.6 49.8

Median 15.5         2.13   8.26 15.5

Abbreviations: PTC, papillary thyroid carcinoma; DTC, differentiated thyroid carcinoma; RAI, radioactive iodine; DM, distant 

metastases; ATA, American thyroid association; M, male; F, female; TT, total thyroidectomy; CND, central neck dissection; BLND, 

bilateral neck dissection; T stage, tumor stage; N stage, node stage; LND, lateral neck dissection; HT, hemithyroidectomy; and

U, unknown. a Hodgkin lymphoma diagnosed at age of one year, treated with chemotherapy. None of the patients received 

systemic therapy or external radiation therapy. All patients with follicular thyroid carcinoma had persistent disease at last 

known clinical evaluation.
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Supplemental Table 8. Patients with Childhood PTC with Distant Metastases with  

No Evidence of Disease at Last Clinical Evaluation (n=9)

ID Sex Year 

of DTC 

diagnosis

Age at DTC 

diagnosis

(yrs.)

Previous 

disease 

before 

DTC

Initial treatment # of RAI 

administration; 

cumulative activity 

(mCi)

T stage N stage Time diagnosis 

to diagnosis DM 

(mos.)

Maximal DM spread Follow-up to last clinical 

evaluation (yrs.)

Follow-up last known 

vital status (yrs.)

67 M 2010 13.5 N TT + CND + BLND 1; 75 T1b N1b 2.6 Lung 5.2 9.2

37 M 2014 10.9 N TT + CND + LND 1; 64 T2 N1b 6.7 Lung 5.56 5.6

90 F 2008 16 N TT + CND + LND 1; 100 T3a N1b 2.1 Lung 7.8 11.6

58 M 2012 16.4 Ya TT + CND + LND 1; 150 T3 N1b 1.3 Lung 7.9 7.9

97 F 2007 2.8 N HT + HT 1; 29 T2 N1a 3.3 Lung 8.3 12.9

129 M 1989 15.5 N TT + LND 1; 156 T1b N1b 0.9 Lung 11.9 30.9

51 M 2007 15.9 N HT + HT 2; 182 T3a N1a 7.8 Lung 12.4 12.4

140 F 1986 9.5 N TT + LND 2; 257 T3a N1b 1.9 Lung 26.0 31.0

103 M 1970 17.8 N HT + HT 2; U  Tx N1b 0.0 Lung 49.6 49.8

Median 15.5         2.13   8.26 15.5

Abbreviations: PTC, papillary thyroid carcinoma; DTC, differentiated thyroid carcinoma; RAI, radioactive iodine; DM, distant 

metastases; ATA, American thyroid association; M, male; F, female; TT, total thyroidectomy; CND, central neck dissection; BLND, 

bilateral neck dissection; T stage, tumor stage; N stage, node stage; LND, lateral neck dissection; HT, hemithyroidectomy; and

U, unknown. a Hodgkin lymphoma diagnosed at age of one year, treated with chemotherapy. None of the patients received 

systemic therapy or external radiation therapy. All patients with follicular thyroid carcinoma had persistent disease at last 

known clinical evaluation.
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ABSTRACT
Background
Differentiated thyroid carcinoma (DTC) during childhood is a rare disease. Its excellent 
survival rate requires a focus on possible long-term adverse effects. This study 
aimed to evaluate fertility in female survivors of childhood DTC by assessing various 
reproductive characteristics combined with anti-Müllerian hormone (AMH) levels 
(a marker of ovarian reserve).

Methods
Female survivors of childhood DTC, diagnosed at ≤18 years of age between 1970 and 
2013, were included. Survivors were excluded when follow-up time was less than 
five years or if they developed other malignancies before or after diagnosis of DTC. 
Survivors filled out a questionnaire regarding reproductive characteristics (e.g. age 
at menarche and menopause, pregnancies, pregnancy outcomes, need for assisted 
reproductive therapy). Survivors aged <18 years during evaluation received an altered 
questionnaire without questions regarding pregnancy and pregnancy outcomes. 
These data were combined with information from medical records. AMH levels were 
measured in serum samples and were compared with AMH levels from 420 women not 
treated for cancer.

Results
Fifty-six survivors with a median age of 31.0 (interquartile range, IQR, 25.1–39.6) years 
were evaluated after a median follow-up of 15.4 (IQR 8.3–24.7) years. The median 
cumulative dose of 131I administered was 7.4 (IQR 3.7–13.0) GBq/200.0 (IQR 100.0–350.0) 
mCi. Twenty-five of the 55 survivors aged 18 years or older during evaluation reported 
64 pregnancies, 45 of which resulted in live birth. Of these 55, 10.9% visited a fertility 
clinic. None of the survivors reported premature menopause. Age at AMH evaluation 
did not differ between DTC survivors and the comparison group (P = 0.268). Median 
AMH levels did not differ between DTC survivors and the comparison group [2.0 (IQR 
1.0–3.7) µg/L vs. 1.6 (IQR 0.6–3.1) µg/L, respectively, P = 0.244]. The cumulative dose of 
131I was not associated with AMH levels in DTC survivors (r

s
 = 0.210, P = 0.130). 

Conclusions
Female survivors of DTC who received 131I treatment during childhood do not appear 
to have major abnormalities in reproductive characteristics nor in predictors of  
ovarian failure.
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INTRODUCTION
Childhood differentiated thyroid carcinoma (DTC) is rare, with age-adjusted incidences 

reported between 0.6 and 1.2 per 100 000 per year (1,2). Up to puberty, the female to 

male ratio is similar, but after puberty, mainly females are diagnosed with the disease 

(3). In all age groups, a rise in incidence rates of thyroid cancer has been reported (4). 

Treatment of pediatric DTC most commonly consists of total thyroidectomy with or 

without central or lateral neck dissection (5). After surgery, 131I is often administered. 

Depending on the risk classification of the patient, a certain intensity of thyrotropin 

(TSH) suppression is pursued. Although this treatment results in excellent survival 

rates, up to 99% after 30 years of follow-up (6), DTC treatment, especially therapy 

with 131I, calls for examination of possible long-term adverse effects: reproductive 

characteristics, secondary cancers, salivary dysfunction, bone marrow suppression, 

and alterations in quality of life (7–12).

Female fertility after treatment with 131I has been evaluated in survivors of childhood 

and adult DTC. Only two studies examined survivors of childhood DTC and were limited 

by small numbers of patients and unclear or ill-defined endpoints (9,13). Studies in 

survivors of adult DTC found conflicting results regarding the effect of 131I on female 

fertility, although permanent impairment of fertility is not common (14–21).

Anti-Müllerian hormone (AMH) is released by the granulosa cells and is a reflection 

of the number of antral follicles in the ovaries. Although there is no consensus on 

the clinical value of AMH, it is a commonly used marker for ovarian reserve in cancer 

survivors (22), partly because AMH is not influenced by menstrual cycle fluctuations 

(23,24). AMH levels in adult DTC patients decrease after treatment with 131I (25–27), 

although it is unclear whether this decrease is transient or permanent or even clinically 

relevant (21,27). AMH levels show a greater decrease after 131I in women aged 35 years 

or older during treatment (26).

There is a need for well-defined and systematically performed studies regarding 

effects on long-term fertility in female survivors of childhood DTC. Therefore, 

the primary aim of the current study was to assess the reproductive characteristics 

(pregnancies, number of live births, pregnancy outcomes, and health of offspring) in 

female survivors of childhood DTC treated with 131I. The secondary aim was to compare 

AMH levels (as a measure of ovarian reserve) in female survivors of childhood DTC 

with a group consisting of women who had not been treated for cancer.

MATERIALS AND METHODS
This research is part of a nationwide, long-term follow-up study on childhood DTC 

in the Netherlands, previously described in detail (28). The institutional review 

board of the University Medical Center Groningen approved the study on behalf of 

all participating institutions (ABR NL40572.042.12, file number 2012/183). This study 
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has been registered in the Netherlands Trial Registry (trial NL3280). Written informed 
consent was obtained from all subjects before participation in the study.

Participants
DTC survivors
Included were female patients diagnosed with DTC between 1970 and 2013 at age ≤18 
years and treated in the Netherlands. Treatment most commonly consisted of total 
thyroidectomy, 131I, and TSH suppression therapy (28). Specific exclusion criteria 
in this study were as follows: less than five years since diagnosis, diagnosis of other 
malignancy before or after the DTC diagnosis, thyroid hormone withdrawal or 
recombinant human TSH administration within three months before evaluation, not 
being able to complete a Dutch questionnaire, and not being treated with 131I for DTC. 
Patients were evaluated from February 2013 until November 2014.

Fertility assessment
Fertility was assessed by means of a self-administered questionnaire, information from 
medical records, and a hormonal evaluation.

Questionnaire
Survivors were asked to complete a questionnaire regarding their use of current 
medication (thyroid hormone, contraceptives, or other medications), smoking, and 
reproductive characteristics: obstetric and gynecological medical history (menarche, 
menstrual cycles, age at first pregnancy, children conceived, birth defects and major 
health problems, and visiting a fertility clinic due to problems with conceiving). 
Survivors aged <18 years during evaluation received an altered questionnaire without 
questions regarding pregnancy and pregnancy outcomes.

Medical data
Medical records were accessed to obtain information regarding survivors’ 
characteristics: thyroid carcinoma histology, tumor node metastasis (TNM) 
classification (redefined to the seventh edition of the TNM since the seventh edition 
was current during initial evaluation), treatment modalities (type of surgery and details 
of 131I administrations), and survivors’ outcomes (remission, recurrence, or persistent 
disease, defined as previously described) (28). Comorbidities interacting with fertility 
(e.g. endometriosis or gynecological surgery) were also documented.

Clinical evaluation
Survivors were evaluated during a visit to an outpatient clinic, in the context of 
the study of long-term treatment effects. Height and weight were measured by one of 
the researchers (M.S.K.H.). Fasting blood samples were drawn by venipuncture. Blood 
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samples were subsequently stored in a −80°C environment until processed. Blood 
sampling was performed at a random time during the menstrual cycle for logistical 
reasons. Luteinizing hormone (LH), follicle-stimulating hormone (FSH), and estradiol 
(E2) measurements were performed in survivors who did not use contraceptives 
containing hormones.

AMH, LH, FSH, and E2 analyses of DTC survivors were centrally performed in one 
run in the laboratory of the University Medical Center Groningen, the Netherlands, by 
electrochemiluminescence immunoassay on a Roche Cobas analysis platform. Limit 
of detection (LoD) and intra-assay variation of these assays were 0.010 µg/L and <1.3% 
for AMH, 0.3 IU/L and <1% for higher ranges and 2.2% for values below 1.0 IU/L for LH, 
0.100 IU/L and <2.5% for FSH, and for E2 an LoD of 0.018 nmol/L and an intra-assay 
coefficient of variability (CV) of 1.1–1.6% over the measuring range, whereas values 
below 0.07 nmol/L had a CV of 2.4–6.7%. Reference norms per age group (in years) 
for AMH (in µg/L, 2.5th to 97.5th percentile) were: 15–18.9: 0.34–10.39; 20–24: 1.22–
11.7; 25–29: 0.89–9.85; 30–34: 0.58–8.13; 35–39: 0.15–7.49; 40–44: 0.03–5.47; 45–50: 
0.01–2.71 (29,30). Smoking and body mass index may influence AMH levels and were 
therefore also evaluated (31–34).

Comparison group for AMH levels
The comparison group consisted of sisters of childhood cancer survivors (n = 196) 
and women from the general population (n = 224) who participated in a previous 
nationwide cohort study among Dutch female five-year survivors of childhood cancer 
aiming to evaluate the effects of childhood cancer treatment on fertility (the DCOG-
LATER VEVO-study) (35,36). Participants of the comparison group were aged ≥18 years 
and had not been treated for cancer.

AMH analyses of the comparison group were performed in one run using an ultra-
sensitive Elecsys AMH assay (Roche Diagnostics GmbH, Mannheim, Germany) in 
the laboratory of the VU Medical Center Amsterdam, the Netherlands. The LoD of 
this assay was 0.01 µg/L, the intra-assay CV of this assay was 0.5–1.8%, and the limit of 
quantitation of 0.03 µg/L. Reference norms per age group (in years) for AMH (in µg/L, 
2.5th–97.5th percentile) were: 15–25: 0.26–11; 25–30: 0.49–14; 30–35: 0.14–13; 35–40: 
<11; 40–45: <6; 45 and older: <0.48. There was a good agreement between the two 
AMH assays. The Passing–Bablok regression intercept did not differ significantly from 
0 (−0.003, [95% confidence interval −0.075 to 0.021]) and slope 1.092 [95% confidence 
interval 1.049 to 1.143].

Study definitions
Evaluation date was the date of blood sampling or, in case of lacking blood sample, 
the date of filling in the questionnaire. Follow-up time was defined as the period 
between the date of diagnosis and the date of evaluation. Dosages of 131I of 0.9 GBq 
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(25 mCi) or higher were considered as therapeutic doses. Women were considered 
postmenopausal if they reported 12 months of amenorrhea without any other obvious 
pathological or physiological cause (22). Premature ovarian insufficiency was defined 
as start of menopause before the age of 40 years (22).

Statistical analyses
Descriptive statistics regarding disease, treatment, reproductive characteristics, and 
AMH levels are presented as median (interquartile range [IQR]), unless otherwise 
specified. Cutoff scores for “low AMH levels” were calculated, based on the 10th 
(0.22 µg/L) and 25th percentile (0.64 µg/L) of AMH levels of the complete comparison 
group. Categorical variables were compared using chi-square test or Fisher’s exact 
test (if >20% of the cells had an expected count of <5). Mann–Whitney U test was 
performed for nonnormally distributed continuous or ordinal variables. When 
variables were normally distributed, an independent sample t-test was performed. 
To correlate two nonnormally distributed continuous and/or ordinal variables, 
Spearman’s rank correlation coefficient (r

s
) was used. Simple linear regression 

analysis was performed to evaluate associations between attained age (in years) 
and cumulative 131I dose (in GBq) as predictors and AMH as outcome measure. In 
the first multiple linear regression analysis, log-transformed AMH was predicted by 
attained age in years and group (coded as 0 = comparison group, 1 = DTC survivors). 
A second multiple linear regression analysis predicted log-transformed AMH by 
independent variables: attained age (years) and cumulative dose of 131I (in GBq). A P 
value of <0.05 was considered statistically significant. All tests were performed two-
sided. IBM SPSS Statistics version 23.0.0.3 for Windows (IBM, Armonk, NY) was used for  
statistical analyses.

RESULTS
Participants
Sixty-two of the 105 survivors of the nationwide follow-up study were eligible for this 
substudy. Four survivors declined participation, and two were late for inclusion. Thus, 
56 of the 62 (90.3%) female survivors were included (Supplemental Figure 1). Two of 
the 56 subjects only completed the questionnaire, declining participation in the clinical 
evaluation. Table 1 shows clinical and treatment characteristics of the included 
survivors. The median age of survivors at evaluation was 31.0 (IQR 25.1–39.6) years after 
a median follow-up period of 15.4 (IQR 8.3–24.7) years. The median cumulative activity 
of 131I administered was 7.4 GBq/200.0 mCi (IQR 3.7–13.0 GBq/IQR 100.0–350.0 mCi, 
respectively). Half of the survivors received multiple administrations of 131I.
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Reproductive characteristics
Fifty-six DTC survivors reported their reproductive characteristics in the administered 
questionnaire (Table 2). Four (7.1%) women reported being postmenopausal. Ages 
at menopause were 45, 51, and 52 years, with one age at menopause missing. Of 
the 55 survivors aged ≥18 years during evaluation, 25 (45.5%) reported one or more 
pregnancies. The median age at first pregnancy was 25.5 (IQR 22.5–30.0) years. Sixty-
four pregnancies were reported (2.6 pregnancies per survivor who reported to ever 
having been pregnant), of which 1 was a twin pregnancy. Subsequently, 45 live births 
were reported. Other pregnancy outcomes were miscarriage (n = 13), induced abortion 
(n = 3), unknown outcome (n = 3), and pregnant at evaluation (n = 1). Six (10.9%) 
survivors had visited a fertility doctor or clinic because of problems with conceiving. 
Birth defects and major health problems of children reported by the survivors are 
shown in Supplementary Table 1.

Table 1. Characteristics of survivors of childhood differentiated thyroid carcinoma

Characteristic n = 56

Age at evaluation, years 31.0 (25.1-39.6)

Age at diagnosis, years 16.0 (13.7-17.5)

Follow-up duration, years 15.4 (8.3-24.7)

Histology, n (%)
Papillary 47 (83.9)

Follicular 9 (16.1)

Tumor node metastasis stage, n (%)
T

T1-T2 37 (66.1)

T3-T4 11 (19.6)

Tx 8 (14.3)

N
N0 27 (48.2)

N1 25 (44.6)

Nx 4 (7.1)

M
M0 45 (80.4)

M1 6 (10.7)

Mx 5 (8.9)

Cumulative 131I activity, GBqa 7.4 (3.7-13.0)

Cumulative 131I activity, mCia 200.0 (100.0-350.0)

Multiple 131I administrations, n (%) 28 (50.0)

Numbers shown as median (interquartile range). a the dose of administered was 131I unknown in one survivor, therefore 

n=55. Abbreviation: 131I, radioactive iodine.
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Hormonal evaluation
Characteristics and AMH levels of the female survivors of childhood DTC and 
the comparison group are shown in Table 3. DTC survivors who provided blood 
samples had a median age of 29.4 years (n = 54, IQR 24.8–38.3 years) upon evaluation. 
The median age of the comparison group was 33.1 (IQR 26.8–39.3) years. There 
were no statistically significant differences between the two groups for nationality 
(predominantly Dutch, P = 1.000, data not shown), age upon evaluation, smoking, and 
body mass index. The median AMH levels did not differ between DTC survivors and 
the comparison group (2.0 µg/L vs. 1.6 µg/L, respectively, P = 0.244).

The cumulative dosage of 131I did not correlate with AMH levels (r
s
 = 0.210, P = 0.130). 

In the DTC group, age was negatively correlated with AMH levels (r
s
 = −0.480, P< 0.001).

Eight (14.8%) and 10 (18.5%) of the DTC survivors had an AMH level below 
the cutoff value based on the 10th and 25th percentiles of the comparison group, 
respectively. The number of DTC survivors with “low AMH levels” did not significantly 
differ from those in the comparison group (P = 0.278 and P = 0.296, respectively)  
(Supplementary Table 2).

Because the data of AMH were positively skewed, the values were log transformed. 
Subsequently, all assumptions for linear regression analysis were met. Log-transformed 
AMH levels did not differ between DTC survivors and the comparison group (median 
ln(AMH) 0.7 vs. 0.5, respectively, P = 0.696; Table 3). Results of the simple and multiple 

Table 2. Reproductive characteristics of survivors of childhood differentiated thyroid carcinoma

Characteristic n = 56

Age at menarche, yearsa 13.0 (12.0-13.0)

Postmenopausal, n (%) 4 (7.1)

Use of contraceptives, n (%)
Hormonal contraceptives 24 (42.9)

Non-hormonal contraceptivesb 1 (1.8)

No contraceptives 31 (55.4)

Visited doctor for subfertility (yes), n (%)c 6 (10.9)

Ever been pregnant (yes), n (%)c 25 (45.5)

Age at first pregnancy, yearsc,d 25.5 (22.5-30.0)

Number of pregnancies, nc 64e

Live births, n 45

Women reporting miscarriage, n 8f

Induced abortion, n 3

Pregnant during evaluation, n 1

Unknown pregnancy outcome, n 3

Numbers shown as median (interquartile range). a n=55 because one missing value. b copper intrauterine device.
c not applicable in one participant because age <18y during evaluation, n=55. d n=22 because age first pregnancy 

missing for 3 participants. e 1 twin pregnancy. f 7 women reported 1 miscarriage, 1 woman reported 6 miscarriages.
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Table 3. Anti-Müllerian hormone levels in survivors of childhood differentiated thyroid carcinoma compared 

to the comparison group

Characteristic DTC survivors

n = 54a

Comparison group

n = 420

P Value

Age at evaluation, years 29.4 (24.8–38.3) 33.1 (26.8–39.3) 0.268b

Smoking, n (%) 0.392c

Current 7 (13.0) 78 (18.6)

Ever 13 (24.1) 123 (28.8)

Never 33 (61.1) 221 (52.6)

Missing 1 (1.9) 0 (0)

Body Mass Index, kg/m2 23.8 (21.2–26.8)d 23.0 (21.2–25.9) 0.428b

Type of control, n (%) n.a.

General population - 224 (53.3)

Sister - 196 (46.7)

AMH level, µg/L 2.0 (1.0–3.7) 1.6 (0.6–3.1) 0.244b

ln(AMH) 0.7 (0.0–1.3) 0.5 (-0.4–1.1) 0.696e

Numbers shown as median (interquartile range). a two participants participated only in questionnaire part of study. 
b Mann-Whitney U test; c Pearson Chi-Square Test (Asymptotic Significance). d Length and weight self-reported by 2 

participants. e Independent samples t-test. Abbreviations: AMH, anti-Müllerian hormone; DTC, differentiated thyroid 

carcinoma; and n.a., not applicable.

Table 4. Simple and multiple linear regression analyses for log transformed anti-Müllerian hormone in 54 

survivors of childhood differentiated thyroid carcinoma

Variable Intercept βa 95% CI R2 P Value

Simple linear regression
Age at evaluation, years 4.12 -0.12 [-0.13; -0.11] 0.418 <0.001

Cumulative 131I activity, GBq -0.28 0.06 [-0.01;  0.12] 0.056 0.089

Multiple linear regression
1. Age at evaluation, years

Groupb

4.13 -0.12

-0.06

[-0.13; -0.11]

[-0.40;  0.29]

0.418 <0.001

2. Age  at evaluation, yearsc

Cumulative 131I activity, GBq

3.73 -0.12

0.02

[-0.16; -0.07]

[-0.04;  0.07]

0.414 <0.001

Abbreviations: CI, 95% confidence interval and 131I, radioactive iodine. a Unstandardized coefficients β.  
b comparison group = 0, DTC survivors = 1. c ‘Group’ removed from this analysis, because comparison group did not 

receive 131I administrations.

linear regression analyses for log-transformed AMH are shown in Table 4. Simple linear 
regression showed that age was a significant predictor of log-transformed AMH, but 
cumulative dose of 131I was not. The first multiple linear regression analysis showed that 
age was a significant predictor of log-transformed AMH, but group (i.e. survivor vs. 
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comparison group) was not. In model 2, when log-transformed AMH levels in only DTC 
survivors were predicted by age and cumulative dose of 131I, age remained a significant 
predictor of log-transformed AMH, but cumulative dose of 131I was not.

There was no difference in AMH levels between DTC survivors who did or did not 
use contraceptives containing hormones, or between survivors who had received 
single or multiple doses of 131I (data shown in Supplementary Table 3). LH, FSH, and 
E2 levels of DTC survivors who did not use contraceptives or used nonhormonal 
contraceptives, obtained at a random time during the menstrual cycle, were within 
the reference range (Supplementary Table 4).

DISCUSSION
The current study, focusing on various aspects of female fertility after treatment with 
131I for childhood DTC, shows no major abnormalities in reproductive characteristics 
and no difference in AMH levels between long-term DTC survivors and a comparison 
group after a median follow-up period of 15 years.

In this unique series of patients, the number of live births per pregnancy in 
the current study is comparable to those in the normal population: 70% of pregnancies 
in the DTC survivors resulted in a live birth, which corresponds with the 71% in an 
earlier prospective register-based study (37). The 10% of female DTC survivors who 
visited a fertility clinic or doctor because of problems with conception corresponds 
with that of other couples in the Netherlands who are trying to become pregnant, in 
whom this percentage is around 15% (38,39).

Comparing current results with findings of previous studies among survivors 
of childhood DTC is complicated by the fact that the earlier studies lack concrete 
definitions, report on only a small number of patients, or evaluated only a selection 
of reproductive characteristics (9,13). The cumulative dose of 131I administered to 
the current survivors is similar to the dose administered in the study of Sarkar et al. 
(13). Overall, no clear impairments of fertility have been observed in the current or 
previous studies in female survivors of childhood DTC (9,13).

It is unclear whether adverse effects of 131I have similar consequences in children 
and adults. Quantitatively, damage to the ovaries caused by 131I could be relatively less 
severe in younger women, since girls and adolescent women still have a greater number 
of primary oocytes/primordial follicles than adult women (40). As oocytes decrease 
in quality with increasing age (41), a higher quality of primary oocytes/primordial 
follicles in pre-adult women may also be beneficial. Studies in women aged >35 years 
who were treated with 131I for DTC observed a more pronounced negative effect on 
AMH levels (26) and birth rates (14). Negative effects on fertility in women treated 
with chemotherapy for other types of cancer also increase with age at treatment (42).

In this group of childhood DTC survivors, evaluation of AMH levels is a measure 
for ovarian reserve, and this hormone is not significantly affected by menstrual cycle 
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variations (23,24). However, as AMH levels are strongly affected by age, we adjusted 
our analyses accordingly.

The mere determination of AMH levels as outcome measure in the assessment of 
female fertility provides an incomplete representation. AMH levels have been shown 
to be decreased up to one year after treatment with 131I for DTC in adults (25,26). This 
reflects damage to the secondary and early antral follicles of the ovary since AMH 
expression is highest during these follicular stages (Supplementary Table 5) (43,44). 
Primordial follicles are probably less prone to the effects of 131I treatment, and these 
unharmed primordial follicles can subsequently develop into secondary and early 
antral follicles after therapy, resulting in normal AMH expression over the long term. 
A slight rise in AMH levels in survivors of adult DTC one year after 131I treatment was 
seen in only one study (25); this was not confirmed in another study (26). Seven years 
after treatment at adult ages, AMH levels did not differ between 131I-treated females 
and their controls (21). In the current study, 15 years after treatment during childhood, 
AMH levels were similar to those of the comparison group. Moreover, studies have also 
reported recovery of AMH levels after other anticancer treatments (45–47). Evaluation 
of AMH levels soon after treatment may indicate some form of ovarian damage, but 
long-term evaluation of AMH levels, combined with reproductive characteristics, 
is more appropriate in providing information on possible irrecoverable damage to 
the ovary and subsequent reproductive health.

Unfortunately, we did not evaluate the effects of TSH suppression therapy on 
fertility in the current survivors (28), although effects of subclinical hyperthyroidism 
on fertility have not been proven (48,49), other than the well-known effects of overt 
hyperthyroidism causing, for instance, menstrual disturbances or amenorrhea (50).

Strengths of the present study include the cohort size, given the rarity of DTC 
in childhood, and the availability of an appropriate comparison group for AMH 
levels. Minor limitations deserve consideration as well. The reported reproductive 
characteristics may be subject to change since many of the evaluated survivors in 
this study were of reproductive age, but may not have conceived yet owing to other 
factors. The chosen reproductive characteristics were well defined, based on current 
knowledge. Thereby, we evaluated a broad range of reproductive characteristics that 
determine fertility, including objective outcome measures, such as live births and 
hormonal evaluation.

Although no major impact on fertility after 131I treatment for childhood DTC was 
observed, this does not necessarily imply that 131I can be administered without restriction 
in young female patients. Sparse data show that 131I therapy seems to have no adverse 
effects on the risk of congenital abnormalities in offspring of DTC survivors (51). Other 
adverse effects of 131I (i.e., salivary gland dysfunction, bone marrow suppression) do 
increase with multiple or higher doses (11,12). This study, in accordance with previous 
studies, did not find a dose–response relationship between cumulative administrated 
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131I and AMH levels (21,25,26). Follow-up beyond menopause of the survivors in this 
cross-sectional study will shed light on the full reproductive period. The current study 
can serve as a basis for this evaluation.

To conclude, the current study found no abnormalities in fertility in long-term 
female survivors of childhood DTC. Our conclusions are based on evaluation of a broad 
range of reproductive characteristics: fertility outcomes, parameters of reproductive 
health, indications of impaired fertility, and AMH as a marker of ovarian reserve. 
Altogether, these results regarding long-term reproductive outcomes seem to be 
reassuring for females receiving 131I for childhood DTC.
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SUPPLEMENTARY DATA

Supplemental Figure 1. Flowchart of inclusion. Abbreviations: DTC, differentiated thyroid carcinoma and 

SMN, secondary malignant neoplasm.

Supplemental Table 1. Parentally self-reported birth defects and major health problems in 45 children of 

survivors of childhood differentiated thyroid carcinoma

Reported health problem n

Dilated ureter by birth 1

Blount disease 1

PDD-NOS 1

Lung tumor 1

Hypermobile Ehlers-Danlos syndrome 2a

Facial paralysis 1

Total 7

Abbreviation: PDD-NOS, pervasive developmental disorder-not otherwise specified. aChildren from the same mother.
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Supplemental Table 2. Percentages of differentiated thyroid carcinoma survivors with low AMH based on 

10th percentile and 25th percentile of comparison group

DTC survivors

n = 54a

Comparison group

n = 420

P Value

10th percentile, n (%)b 0.278c

Low AMH 8 (14.8) 42 (10.0)

No low AMH 45 (85.2) 378 (90.0)

25th percentile, n (%)d 0.296c

Low AMH 10 (18.5) 105 (25.0)

No low AMH 44 (81.5) 315 (90.0)

Abbreviations; AMH, anti-Müllerian hormone and DTC, differentiated thyroid carcinoma. a  two participants 

participated only in questionnaire part of study. b threshold 10th percentile = 0.22 µg/L. c Pearson Chi-Square Test 

(Asymptotic Significance). d threshold 25th percentile = 0.64 µg/L.

Supplemental Table 3. Anti-Müllerian hormone levels in subgroups of survivors of childhood differentiated 

thyroid carcinoma

No hormonal contraceptive

n = 30

Hormonal contraceptive

n = 24

P Value

AMH, µg/L 2.3 (0.7-3.7) 1.9 (1.2-3.8) 0.676a

Single dose 131I

n = 28

Multiple doses 131I

n = 26

AMH, µg/L 1.5 (0.4-3.6) 2.3 (1.3-3.9) 0.319a

Abbreviations; AMH, Anti-Müllerian Hormone and 131I, radioactive iodine. Numbers shown as median (interquartile 

range). a Mann-Whitney U test.

Supplemental Table 4. Hormonal evaluation in survivors of differentiated thyroid carcinoma during 

childhood not using hormone contraceptives

Hormone n = 30

Follicle-stimulating hormone, IU/L 5.4 (3.2-13.2)

Luteinizing hormone, IU/L 8.6 (4.5-14.9)

Estradiol, nmol/L 0.4 (0.1-0.7)

Numbers are shown as median (interquartile range).
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Supplemental Table 5. Folliculogenesis and anti-Müllerian hormone secretion

Follicular stage AMH secretion

Primordial follicle -

Primary follicle +

Secondary follicle ++

Early tertiary/ antral follicle +++

Late tertiary/pre-ovulatory follicle -

References: Andersen et al. Hum Reprod. 2010;25(5):1282-7. 

      Weenen et al. Mol Hum Reprod. 2004;10(2):77-83. 
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ABSTRACT 
Background
Radioactive iodine (131I) is often administered as part of the treatment for differentiated 
thyroid carcinoma (DTC). Short-term studies show a decrease in male fertility 
after administration of 131I, but long-term data are scarce. This study evaluated 
long-term male fertility after 131I for DTC, and compared semen quality before and  
after 131I administration.

Methods
This multicenter study involving males diagnosed with DTC was conducted at least 
two years after their final 131I treatment with a total cumulative dose of 131I equal to 
or higher than 100 mCi/3.7 GBq. Evaluation of fertility consisted of semen analysis, 
hormonal evaluation, and a fertility-focused questionnaire. Cut-off scores for ‘low 
semen quality’ were based on reference values of the general population as defined 
by the World Health Organization. 

Results
The 51 participants had a median age of 40.5 (interquartile range, IQR, 34.0-49.6) 
years upon evaluation, and a median follow-up of 5.8 (IQR 3.0-9.5) years after their 
last 131I administration. The median cumulative dose of 131I was 200.0 mCi/7.4 GBq. 
The proportion of males with a low semen volume, concentration, progressive motility, 
or total motile sperm count (TMSC) did not differ from the 10th percentile cut-off based 
on reference ranges of a general population (P=0.500, P=0.131, P=0.094, and P=0.500, 
respectively). However, a significantly and clinically relevant higher proportion of 
participants had semen concentration and motility below the 5th percentile (11.8% vs. 
5%, P=0.029 and 15.0% vs. 5%, P=0.006). The live birth rate before and after 131I were 
82.5% and 78.9%, respectively. Cryopreserved semen was used by one participant 
of the twenty who had preserved their semen. Median TMSC upon follow-up was 
significantly increased compared to TMSC upon semen preservation (121.2 vs. 66.9 
million, respectively. P=0.036); 66.7% of these participants were hypothyroid at 
the moment of preservation.

Conclusions
Although a minority of participants treated with 131I for DTC experienced long-term 
poor semen quality, most participants had a normal long-term semen quality. 
Cryopreservation of semen of males with DTC is not crucial for conceiving a child after 
131I administrations, but may be performed as a precaution.
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INTRODUCTION
After a total thyroidectomy, for the majority of patients treated for differentiated 

thyroid carcinoma (DTC) further treatment consists of administration of radioactive 

iodine (131I) (1). 131I destroys remaining thyroid (cancer) tissue, treats local or distant 

metastases, and/or decreases the chance of recurrence of DTC (2-4). Although 

increasing emphasis is being focused on the adverse effects on female fertility caused 

by administration of 131I (5-7), little research has been performed regarding its effect 

on fertility in males. 
131I treatment can affect male fertility in various ways, mediated by absorption of β 

and γ radiation (8, 9). 131I is excreted primarily through the urine (10), indirectly affecting 

the testes. Therefore, adequate hydration, frequent micturition, and prevention of 

constipation during 131I therapy are recommended to stimulate the excretion of 131I and 

thus prevent its accumulation near the testes (1, 9, 11, 12). In addition, expression of 

the sodium iodine symporter (NIS) has been found in germinal and Leydig cells, but 

whether the NIS facilitates the uptake of 131I in the testes is unknown (13). 

Damage to testicular cells induced by the administration of 131I probably causes 

transient subfertility, but not permanent infertility (9, 11, 12, 14-16). Studies up to 18 

months after 131I treatment show that administration of 131I causes a decreased semen 

quality, elevated levels of luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH), and decreased levels of testosterone (T) (9, 11, 12, 14-18). However, previous 

studies have also shown that males treated with 131I for DTC were later able to conceive 

children (9, 19, 20). The short-term impairment of male fertility has been described 

as dose-dependent (11, 12, 14, 16). Overall, studies on long-term male fertility after 131I 

treatment are scarce.

These limited data seem to suggest that patients who receive multiple or high dose 

treatment may be at risk of permanent impairment of fertility. Fertility preservation 

has therefore been recommended for this group (1). 

The primary aim of this study was to evaluate long-term male fertility after 

administration of a high cumulative dose of 131I (equal to or higher than 100 mCi/3.7 

GBq) for DTC by evaluating semen quality, serum endocrine markers (free T, LH and 

FSH), and reproductive characteristics. The secondary aim was to compare semen 

quality before and after treatment with 131I.

MATERIALS AND METHODS
This multicenter study was initiated by the University Medical Center Groningen 

(UMCG) in the Netherlands. The institutional review board of the UMCG approved 

the protocol on behalf of all participating centers (file number 2016/685), including 

the Erasmus Medical Center, the Radboud University Medical Center, and 

the Leiden University Medical Center. The study was registered in the Netherlands 
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Trial Register, trial ID NL5966. All included patients signed written informed consent  
before participation.

Participants
To select eligible participants, we consulted local databases. All identified male 
patients with an attained age of 18 years or older, diagnosed with DTC as of January 
2000, who had been at least two years in follow-up since their final 131I treatment, 
and had had a total cumulative dose of 131I equal to or higher than 100 mCi/3.7 GBq, 
were eligible for inclusion. Participants were excluded if they used testosterone 
suppletion, chemotherapy, or anabolic steroids; if they had diseases or treatments 
potentially associated with impairment of semen quality (e.g. vasectomy or treatment 
with chemotherapy); if they were under treatment for active or widespread DTC; if 
they had received administrations of 131I only after use of recombinant human thyroid-
stimulating hormone (rhTSH); or if they had noncompliance of thyroid hormone 
substitution, resulting in several measurements of TSH >10 mU/L in the year before 
participation. If a participant had had a fever (body temperature higher than 38.5°C) 
in the three months before the scheduled semen analysis, the semen analysis was 
postponed. Participants were included from May 2017 to March 2019. 

Semen analysis
Participants were asked to abstain from ejaculation for a period of two to four days 
before participation. Semen samples were obtained through masturbation and were 
produced at the fertility departments of each participating center. Semen analysis took 
place within one hour after production. Semen analyses were performed according 
to the laboratory manual for the examination and processing of human semen of 
the World Health Organization, with additional guidelines provided by Björndahl et 
al. and Barrat et al. (21-23). We evaluated whether semen analyses were performed 
according to our protocol, and described protocol deviations. Semen samples were 
evaluated for pH, viscosity (scored as thin liquid, moderately viscous, or very viscous), 
volume (in mL), concentration (per mL), motility (percentage of rapid progressive 
forward, slow progressive forward, non-progressive, and immotile sperm cells), round 
cells (per mL), and morphology (percentage of sperm cells with normal morphology). 
Concentration and motility were evaluated in duplicate (200 sperm cells). Motility 
was assessed at a room temperature of 37°C, except for one center, where this was 
not possible for logistical reasons. Assessment of the percentage sperm of cells with 
a normal morphology was performed centrally in the UMCG according to Tygerberg 
criteria (24) and using Papanicolaou staining. 

Blood sampling and hormonal measurements
Blood was drawn from participants, and samples were stored in a -80°C environment. 
We asked participants to provide the serum samples before noon. All blood samples 
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were then centrally measured in the UMCG. LH, FSH, total and free T, albumin, sex 
hormone-binding globulin (SHBG), TSH, and free thyroxine (FT4) were measured in 
the samples.

LH, FSH, TSH, and FT4 were analyzed by electrochemiluminescent immunoassay 
on the Cobas 6000 immunoanalyzer (Roche Diagnostics, Almere, the Netherlands). 
The interassay coefficients of variation (interCV, %) were 3.6 to 2.3% at levels ranging 
from 1.86 to 72.63 U/L, 2.8 to 2.7% at levels 2.15 to 41.74 U/L, 2.0 to 1.9% at levels 0.52 
to 40.8 mU/L, and 4.2 to 4.5% at levels of 10.58 to 62.72 pmol/L, respectively. Plasma 
albumin was analyzed using the Bromocresol green method on the Cobas 6000 
chemistry analyzer. The interCV ranged from 2.0 to 1.6% at levels ranging from 27.4 
to 46.9 g/L. SHBG was analyzed by chemiluminescent microparticle immunoassay 
in serum on the Architect immunoanalyzer (Abbott Laboratories, Hoofddorp, 
the Netherlands). The interCV ranged from 5.91 to 2.29% at levels ranging from 5.46 
to 117.8 nmol/L. Total T was analyzed by LC-MS/MS. The interCV were 2.4 to 5.6% at 
levels of 0.29 to 49.2 nmol/L. Free T was calculated using the formula of Vermeulen 
(25) using the total T value, SHBG and albumin. Reference ranges of the assays are 
reported in the relevant tables.

Questionnaire
Each participant was asked to complete a questionnaire regarding general health 
(medical history, use of drugs, intoxications, height, and weight), reproductive health 
(diseases, professional or leisure activities associated with impaired male fertility), 
and reproductive characteristics (conceived pregnancies and outcomes, fertility 
treatment, and fertility preservation).

Medical records and results of other semen analyses
Consent to access medical records of the participants was obtained. Medical records 
were evaluated to obtain information about diagnostic, treatment, and follow-up 
characteristics. Additional consent was given to obtain information regarding semen 
analyses outside of the current study. If participants had preserved semen, information 
regarding the quality of the semen during preservation was collected.

Study definitions
Date of diagnosis was defined as the first histological confirmation of DTC. Age upon 
evaluation was defined as age at the moment of the semen analysis. Follow-up was 
defined as time from diagnosis or last 131I administration to semen analysis. The 8th 
edition of the American Joint Committee on Cancer (AJCC) tumor node metastasis 
scoring system was used (26). Total sperm count was defined as the product of 
the concentration and volume of the ejaculate. Total motile sperm count was 
defined as the product of the volume, concentration, and percentage of progressive 
spermatozoa of the ejaculate, divided by 100%.
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“Normal semen quality” has a wide range, and only having low semen quality will 
have clinical consequences. We determined cut-off values for having “low semen 
quality” based on the 10th percentile of the reference values of a general population of 
unscreened males for semen characteristics, provided by the World Health Organization 
(27). Based on this 10th percentile, a total motile sperm count below 10.6 million was 
considered as “low semen quality”. We considered a doubling of the proportion of 
males scoring below the 10.6 million cut-off value to be a clinically relevant finding (i.e. 
20% of the participants). The cut-off values for volume, concentration, progressive 
motility, and total sperm count were also based on the 10th percentile. 

Statistical analysis
Characteristics of participants, and treatment and outcome variables, were described 
using median and interquartile range (IQR), unless stated otherwise. In case of 
protocol violations these parameters were excluded from analysis. For our primary 
aim, we used a binomial test to evaluate whether the proportion of participants having 
a total motile sperm count below 10.6 million significantly differed from the proportion 
in the general population (10%) (27). The Clopper-Pearson binomial proportion 95% 
confidence interval (CI) was used to show estimated proportions. Thereby, we also 
evaluated whether the proportion of participants with a low volume, concentration, 
progressive motility, or total sperm count differed from the 10% in the general 
population. To evaluate whether results changed when we based the cut-off value on 
the 5th or 25th percentiles, we performed binomial tests with these cut-off values. 

Subsequently, using Mann-Whitney U tests we evaluated whether median values 
of age upon evaluation, body mass index (BMI), follow-up period since the last 131I 
administration, or the cumulative dose of 131I differed between the groups that scored 
below or above the 10th percentile cut-off value of semen parameters (volume, 
concentration, motility, and total motile sperm count) or between the participants 
who did or did not conceive children. We evaluated whether the proportion of 
participants scoring below cut-off values differed depending on whether they had 
undergone single or multiple administrations of 131I; for this we used Chi-square tests 
or Fisher’s exact tests (if more than 20% of the cells had an expected count below 5). 
We described results of the questionnaire regarding reproductive characteristics. 

We made paired comparisons between the median total motile sperm count upon 
semen cryopreservation and the median total motile sperm count during follow-up 
using a Wilcoxon signed-rank test. For this analysis, we evaluated only participants who 
cryopreserved semen before their first administration of 131I. If semen was preserved 
multiple times before 131I, we calculated the median total motile sperm count. A P 
value ≤0.05 was considered statistically significant. For statistical analyses, IBM SPSS 
Statistics version 23.0.0.3 for Windows (IBM, Armonk, NY, USA) and Microsoft Excel 
Professional Plus 2016 were used.
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RESULTS
Participants
We identified 236 males who met the inclusion criteria. Seventy-one males met one 
or more exclusion criteria. Most excluded males had undergone a vasectomy (n=25) 
or had a comorbidity interfering with their ability to participate, or they had a disease 
or treatment that impaired semen quality (n=24). Twenty-two males were excluded 
for other reasons. Of the 165 eligible males, 51 (30.9%) gave informed consent and 
completed their participation, see Supplementary Figure 1.

All 51 participants had the Dutch nationality. The median age of participants upon 
evaluation was 40.5 years (IQR 34.0 to 49.6). Participants were diagnosed at a median 
age of 33.7 years (IQR 26.9 to 39.8 years). Participants had a median BMI of 26.8 kg/m2 

(IQR 24.0 to 29.4 kg/m2, unknown in two participants). At the moment of evaluation one 
of the participants (2.0%) was an active smoker, 13 participants (25.5%) had previously 
smoked, and 32 participants (62.7%) had never smoked. The smoking status of five 
participants was unknown. Four participants reported having had an orchidopexy due 
to cryptorchidism. The orchidopexy was performed on both testes in three of these 
four participants. One participant reported having used anabolic steroids; his latest 
use had been three years before evaluation. One participant had been treated with 
testosterone during puberty to decrease his final height; he participated in the study 
at the age of 36.

Treatment and pathology characteristics
Treatment characteristics of the participants are shown in Table 1. All participants were 
treated with a total thyroidectomy, 32 of whom (62.7%) had a lymph node dissection. 
Most participants received one administration of 131I (n=26, 51.0%), and none of them 
had more than four 131I administrations. The median cumulative dose of 131I was 200.0 
mCi/7.4 GBq (IQR 150.0 to 300.0 mCi/5.6 to 11.1 GBq). Median follow-up since the last 
treatment with 131I was 5.8 years (IQR 3.0 to 9.5 years).

Papillary thyroid carcinoma was the most common histology type, with 49 (96.1%) 
cases. One participant (2.0%) had follicular thyroid carcinoma and one (2.0%) was 
diagnosed with Hürthle cell carcinoma. T2 and T3a/T3b were the most common tumor 
stages (n=20, 39.2% and n=18, 35.3%, respectively). Thirty participants (58.8%) had 
metastases of DTC to the regional lymph nodes, and three (5.9%) had lung metastases 
(Supplementary Table 1).

Semen analysis
None of the subjects reported having had a fever within three months before 
evaluation. The median abstinence period was four days (IQR 3 to 6 days). All samples 
were obtained through masturbation. Semen analysis took place within one hour 
after ejaculation for 46 (90.2%) participants. Semen samples were analyzed between 
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Table 1. Treatment Characteristics of Participants treated with Radioactive Iodine for Differentiated  

Thyroid Carcinoma

Characteristic Participants

n=51

Total thyroidectomy1, n (%) 51 (100.0)

Lymph node dissection accompanying thyroid surgery, n (%)
Only central 7 (13.7)

Only (bi)lateral 4 (7.8)

Central and (bi)lateral 21 (41.2)

None 19 (37.3)

Number of 131I administrations, n (%)
One administration 26 (51.0)

Two administrations 17 (33.3)

Three administrations 4 (7.8)

Four administrations 4 (7.8)

Dosage per 131I administration, mCi 150.0 (143.0-150.0)

Cumulative 131I dose, mCi 200.0 (150.0-300.0)

Follow-up since last 131I therapy, years 5.8 (3.0-9.5)

Follow-up since diagnosis, years 6.5 (3.9-11.0)

Numbers shown as median (interquartile range). Abbreviations: 131I, radioactive iodine. 1 15 participants (29.4%) had 

a total thyroidectomy in two tempi. 

one and two hours in four participants. Time to analysis can affect the motility of 
spermatozoa, but the progressive motility percentages did not significantly differ 
between semen samples analyzed within one hour and samples analyzed between 
one and two hours (P=0.447). Time to analysis was unknown in one participant. Semen 
characteristics of the participants are shown in Supplementary Table 2.  

The proportions of participants scoring below the 10th percentile cut-off point for 
volume, concentration, and progressive motile spermatozoa were 9.8%, 15.7% and 
17.5%, respectively (see Table 2). The binomial test showed that these proportions 
did not differ significantly from the 10% in the general population (P=0.500, P=0.131, 
and P=0.094, respectively) (27). The proportion of participants scoring below the 10.6 
million cut-off point for total motile sperm count was 10.0% (n=4). A binomial test 
showed that this proportion did not significantly differ from the 10% in the general 
population (P=0.500) (27). The proportion of participants with a total motile sperm 
count below 10.6 million was lower than the 20% that we defined as clinically relevant. 

When cut-off points for volume, concentration, progressive motility, total 
sperm count, and total motile sperm count were based on the 5th or 25th percentile 
of the general population, the proportion of males with low concentration (11.8% 
and 37.3%, respectively) and low progressive motility (15.0% and 37.5% respectively) 
was statistically significantly higher than the 5% or 25% in the general population 
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(P=0.029, P=0.006, P=0.031, and P=0.050). However, only for the 5th percentile 
cut-off value, the proportions of participants with low concentration and progressive 
motility were higher than the proportion of 10% that we considered clinically 
relevant (Supplementary Table 3). For volume, total sperm count, and total motile 
sperm count, the proportion of participants did not show statistically or clinically  
significant differences.

Evaluation of serum hormone levels
Hormonal evaluation was performed in 48 participants (Table 3). The median values of 
FSH, LH, total T, and free T were within reference values of the corresponding assays, 
except for the median value of total T for participants aged 50 years or older (9.7 
nmol/L, reference range 10.90 to 30.79 nmol/L). The median FT4 of 23.3 pmol/L was 
outside the reference range of 11.0 to 19.5 pmol/L.

Table 2. Semen Characteristics of 51 Participants treated with Radioactive Iodine for Differentiated Thyroid 

Carcinoma compared to the 10th Percentile of Reference Values based on a General Population1 

10th Percentile cut-off points Participants

n (%)

P Value 95% CI of estimated proportion

Volume, mL 0.5002

≥ 1.6 mL 46 (90.2)

< 1.6 mL 5 (9.8) [3.3 – 21.4%]

Concentration, x106 0.1312

≥ 17 million 43 (84.3)

< 17 million 8 (15.7) [7.0 – 28.6%]

Progressive motility3, percentage 0.0942

≥ 39% 33 (82.5)

< 39% 7 (17.5) [7.3 – 32.8%]

Total sperm count, x106 0.4262

≥ 27.2 million 45 (88.2)

< 27.2 million 6 (11.8) [4.4 – 23.9%]

Total motile sperm count3,4, x106 0.5002

≥ 10.6 million 36 (90.0)

< 10.6 million 4 (10.0) [2.8 – 23.7%]

P values in bold indicate a statistically significant difference (P < 0.05). Abbreviations: CI, confidence interval. 1 

Cut-off points were based on the 10th percentile of a general population, as described by Cooper TG et al., Human 

Reproduction update, 2010. 16(3): p. 231-245. 2 Binomial tests with the hypothesized proportion of 0.1. Clopper-Pearson 

binomial proportion confidence intervals are shown. 3 n=40; it was not possible to perform motility evaluations at 

a temperature of 37°C in one center, we excluded these cases from analysis (n=11). 4 Total motile sperm count is 

defined as the product of the cut-off values of the 10th percentile as defined by Cooper et al. for concentration, and 

percentage of progressive spermatozoa of ejaculate, divided by 100%.
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Characteristics associated with male fertility
The proportion of participants scoring above the 10th percentile cut-off value for 
volume had a higher median BMI than the proportion scoring higher than the cut-off 
value (27.1 vs. 22.2 kg/m2, P = 0.009). Participants who conceived children had a higher 
median age upon evaluation than participants who never conceived children (44.7 
vs. 33.6 years, P = 0.005). Other associations between participant or treatment 
characteristics and semen characteristics were not statistically significant (see 
Supplementary Table 4).

Reproductive characteristics
Of 51 participants, 50 completed the questionnaire. Thirty of these 50 participants 
(60.0%) reported having conceived a pregnancy. Three of the 50 participants (6.0%) 
reported having an unfulfilled desire to have (more) children, two due to the lack of 
a partner and one due to a miscarriage. Nine of the 50 participants (18.0%) reported that 
their desire to have children had changed because of their diagnosis and treatment of 
DTC. Some reported having (temporarily or permanently) put off conceiving; others 
reported having expedited conceiving.

Six of the 50 participants (12.0%) had previously visited a fertility clinic or physician 
for not being able to conceive naturally; three of them underwent fertility treatment 
and three never had a fertility treatment. One participant and his partner underwent 
in vitro fertilization and intracytoplasmic sperm injection treatments in the years after 
131I treatment. Another participant and his partner had intra uterine insemination (IUI) 
treatments. One participant did not specify the type of fertility treatment. 

Table 3. Hormonal Evaluation of Participants treated with Radioactive Iodine for Differentiated  

Thyroid Carcinoma

Hormone Participants

n=481

Reference 

range

median (IQR) range

Follicle-stimulating hormone, U/L 3.7 (2.9-5.9) 1.5-23.5 1.5-12.4

Luteinizing hormone, IU/L 4.9 (4.0-6.8) 2.6-11.9 1.7-8.6 

Total Testosterone, nmol/L 13.6 (9.8-16.7) 6.3-28.2 n.a.

<50 years old2 14.7 (10.6-17.1) 6.9-28.2 11.37-34.32

≥50 years old3 9.7 (9.3-15.0) 6.3-24.8 10.90-30.79

Free Testosterone, nmol/L 0.3 (0.2-0.4) 0.2-0.6 0.3-0.64

Thyroid-stimulating hormone, mU/L 0.5 (0.1-1.6) <0.1-7.7 0.5-4.0

Free thyroxine, pmol/L 23.3 (21.4-25.6) 18.3-32.4 11.0-19.5

Abbreviations: IQR, interquartile range and n.a., not applicable. 1 48 of 51 participants had a serum sample drawn.  
2 n = 37. 3 n = 11.
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An overview of conceived pregnancies and pregnancy outcomes before and after 
131I administrations is shown in Supplementary Figure 2. The live birth rate before 131I 
administration was 82.5%, and the live birth rate after 131I administration was 78.9%.  
None of the participants reported having fathered children with congenital 
malformations or major health problems.

Semen cryopreservation and longitudinal evaluation of semen quality
Semen cryopreservation was performed in 20/50 participants (40%). For one 
participant, it was unknown whether semen cryopreservation was performed. 
Participants had a median age of 32.4 years upon semen cryopreservation (IQR 23.6 to 
33.8 years, range 16.6 to 50.1 years). 

One participant (5.0%) reported having used his cryopreserved semen and 
having subsequent IUI treatments. Seventeen participants (85.0%) did not use their 
cryopreserved semen and two (10%) did not report their usage.

For the second aim of the study, we compared semen quality before and after 131I. 
We evaluated only the 15/20 participants in whom semen cryopreservation took place 
before their first administration of 131I. For these 15 participants, the median total motile 
sperm count significantly increased from 66.9 million at semen cryopreservation 
to 121.2 million (IQR 17.1 to 115.1 million and 48.4 to 204.6 million, P=0.036) upon 
follow-up after a median follow-up period of 4.1 years (IQR 3.1 to 6.4 years). Figure 1 
shows the individual changes in semen quality over time from the moment of semen 
cryopreservation to follow-up. Based on available TSH values, 10/15 participants were 
hypothyroid at the moment of semen cryopreservation, 3/15 were euthyroid, and for 
the remaining 2/15 TSH levels were not available at the time of semen cryopreservation.

We asked participants whether they found it important to be offered the possibility 
of semen preservation. 58% reported finding this very important, 18% found it fairly 
important, 18% had a neutral opinion, and 4% found it not important at all. One 
participant did not answer this question.

DISCUSSION
The current study assessed long-term male fertility after treatment with a high dose of 
131I for DTC evaluating semen quality, hormone levels, and reproductive characteristics. 
A relatively small number of participants treated with 131I for DTC had long-term poor 
semen quality, depicted by the higher number of participants who had semen motility 
and concentration below the cut-off value based on the 5th percentile of a general 
population (27). No statistically or clinically relevant differences in proportions were 
seen between the participants and the general population, based on the 10th or 25th 
percentile for having low semen quality. Ultimately, the clinical consequences of 
this finding may be limited since we found no detrimental effects on reproductive 
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characteristics. The evaluation of LH, FSH, total T, and free T did not show clinically 
relevant abnormalities. 

Evaluated after a median of five years after their final treatment with 131I, the normal 
male fertility in the majority of current survivors seems to confirm the prospect of 
recovery of parameters of male fertility over time, as also indicated by other studies. 
Previous studies evaluating semen quality or the functioning of the testes had 
a follow-up to a maximum of 18 months (11, 12, 14-18). All studies reported transient 
damage of male fertility. Some reported normalization of parameters over time; 
others found a persistent disturbance upon 12 or 18 months of follow-up, especially 
in patients treated with higher or multiple administrations of 131I (14, 16), suggesting 
a dose-dependent effect (11, 12, 14, 16). However, this effect was confirmed neither in 
the current study nor a previous study (18). 

By defining various cut-off values for low semen quality, we were able to detect 
subtle disturbances in semen quality of males treated with DTC as we found that there 
were more participants with poor semen motility and concentration in the lower 
range. No predictors for poor semen quality were identified. No relation between BMI 
and semen volume has previously been described (28), our results might be explained 
by a multiple testing effect.

The fact that we did not find a dose-dependent relationship between 131I 
and impairment of male fertility may be explained by our long-term follow-up. 
The increase of semen quality after treatment is the result of spermatogenesis: self-
renewal and differentiation of spermatogonial stem cells into new spermatozoa (29). 
The magnitude of damage caused to the testes by radiation depends on several factors, 
such as radiation dose, the number of doses, and the surface of the testes exposed to 
the radiation (30). The duration of recovery of male fertility increases when the damage 
caused by radiation is greater (16). In the current study, the long-term follow-up 
period apparently allowed for continued spermatogenesis in most participants with 
subsequent normal findings.

A low usage rate of the cryopreserved semen, as in our study, was previously 
described in a study evaluating the usage rate of cryopreserved semen in males treated 
for various cancer types (31). Possible explanations for this low usage rate may be that 
males do not use their preserved semen because they have conceived naturally, but 
it may also indicate a change in the wish to conceive children. Considering the age of 
the participants, future use of cryopreserved semen can, however, not be ruled out.

The reported reproductive characteristics did not show major abnormalities in 
the 12% of participants who sought medical assistance for not being able to conceive. 
This number is comparable to other couples In the Netherlands (32). Thereby, live 
birth rate before and after 131I administration did not differ.

The management guidelines of the American Thyroid Association state that semen 
preservation can be considered for men who receive cumulative 131I doses of more than 



CHAPTER 5

112

5

400 mCi (1). Current Dutch guidelines recommend discussing semen cryopreservation 
with all males to be treated with 131I (33). Based on current and previous results, no 
firm evidence indicates that fertility preservation in males is necessary for conceiving  
a child after treatment with 131I for DTC. However, semen cryopreservation can 
be performed as a precaution, considering the higher occurrence of low semen 
quality after long-term follow-up in some males. Another reason to perform 
semen cryopreservation may be that the patient in question has a desire to have 
children sooner after 131I treatment. One additional argument to continue semen 
preservation in males treated with 131I may be the slight (but significant) elevation 
of numerical chromosomal aberrations in spermatozoa still observed one year after 
131I administration, with its initial peak at three months after 131I administration (15). 
Theoretically, such chromosomal aberrations can affect fecundity and offspring, but 
to date there is no proof that that this clinically affects males treated with 131I for DTC, 
as congenital malformations or health defects were not associated with children 
fathered by patients treated with 131I for DTC in the current or previous studies (9, 20). 

Our data indicate that the impairment in semen quality caused by hypothyroidism 
is more relevant than possible long-term impairment of semen quality caused by 131I. 
If semen is cryopreserved, a euthyroid state of the patient would provide semen of 
optimal quality (34). However, since cryopreserved semen is usually applied in an 
assisted reproduction procedure, preservation of semen with a suboptimal quality is 
also acceptable.

Strengths and limitations
This is the first study to evaluate a broad range of aspects of male fertility after 
a long-term follow-up period subsequent to administration of 131I for DTC. We 
specifically focused on males treated with a relatively high cumulative dose of 131I. 
A limitation of this study was the lack of a control group. Although the reference 
ranges used to compare current results are also currently used in daily practice, it 
would be preferable to have a comparison or control group. By defining several cut-off 
values for our analysis, we avoided basing our results on an arbitrary cut-off point. 
The number of centers eligible to participate in the current study was restricted by 
the fact that not all laboratories were able to perform semen analyses according to 
our protocol. This subsequently limited the number of participants. To provide highly 
accurate data, we excluded results that were not acquired according to the protocol. 
This resulted in the inclusion of fewer participants for the analysis of some parameters

In conclusion, administration of 131I for DTC does not impair long-term male 
fertility in the majority of the patients. However, cryopreservation of semen before 
administration of 131I for DTC should be discussed with all male patients treated with 
a dose of 100 mCi or more, since we could not identify clear risk factors for impaired 
semen quality. Therefore selection of males for fertility preservation is not possible. 
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SUPPLEMENTARY DATA

Supplemental Figure 1. Flowchart of inclusion. Abbreviations: DTC, differentiated thyroid carcinoma; 

rhTSH, recombinant human thyrotropin; RAI, radioactive iodine. 1 All identified males aged 18 to 60 years 

old, diagnosed with differentiated thyroid carcinoma, treated with a cumulative dose of radioactive iodine 

≥100 mCi/3.7 GBq and at least two years after their last treatment with radioactive iodine. 2 Comorbidities: 

malignancy or current or previous treatment with drugs impairing fertility (n=16), erectile dysfunction 

(n=3), psychiatric disorder interfering with ability to participate (n=2), spinal cord injury/paraplegia (n=1), 

treatment with testosterone (n=1), mentally disabled (n=1). 3 Decision physician: vulnerable patient (n=3), 

non-compliant to therapy (n=1).
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Supplemental Figure 2. Overview of number of conceived pregnancies and pregnancy outcomes before 

and after treatment with a cumulative dose of at least 100 mCi of radioactive iodine (RAI) in 50 males 

diagnosed with differentiated thyroid carcinoma. For one participant who conceived two pregnancies, 

it was unknown if the pregnancies were conceived before or after RAI treatments. No participants 

reported having fathered children with congenital malformations or major health problems. One out of 

51 participants did not report on his conceived pregnancies.
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Supplemental Table 1. Pathology Characteristics of Male Participants treated with Radioactive Iodine for 

Differentiated Thyroid Carcinoma

Characteristic Participants

n=51

Histology, n (%)
Papillary 49 (96.1)

Classical variant 31

Follicular variant 9

Tall cell variant 1

Diffuse sclerosing variant 1

Other1 2

Unknown 5

Follicular 1 (2.0)

Minimally invasive variant 1

Hürthle cell carcinoma 1 (2.0)

Primary tumor size2, mm 28.0 (19.3-49.5)

Multifocality, n (%)
Yes 26 (51.0)

No 25 (49.0)

Extranodal growth of lymph nodes3

Yes 9 (17.6)

No 10 (19.6)

Unknown 11 (21.6)

Tumor node metastasis stage, n (%)
T stage

T0 1 (2.0)

T1a 6 (11.8)

T1b 5 (9.8)

T2 20 (39.2)

T3a 16 (31.4)

T3b 2 (3.9)

Tx 1 (2.0)

N stage

N0 21 (41.2)

N1 1 (2.0)

N1a 3 (5.9)

N1b4 26 (51.0)

M stage

M0 48 (4.1)

M15 3 (5.9)

Primary tumor size shown as median (interquartile range).
1 Mixed classical and follicular (n=1), Warthin-like subtype of papillary thyroid carcinoma (n=1). 2 n=48; tumor size was 

unknown in three patients. 3 n=30; no malignant lymph nodes were present in 21 patients. 3 In one patient, a lymph 

node metastasis was found upon reviewing pathology after a parathyroidectomy, therefore N1b. No lymph node 

dissection was performed. 5 All participants with distant metastases had metastases to the lungs.
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Supplemental Table 2. Semen Characteristics of Participants treated with Radioactive Iodine for Differentiated 

Thyroid Carcinoma

Semen Characteristic Participants

n=51

50th percentile of the General 

Population1

pH of semen 7.7 (7.5-8.0) -

Viscosity, n (%) -

Thin liquid 36 (70.6)

Moderately viscous 12 (23.5)

Very viscous 2 (3.9)

Unknown 1 (2.0)

Volume, mL 3.6 (2.7-4.5) 3.2

Concentration, x106/mL 49.0 (26.6-90.0) 64

Motility2, percentage
Grade A3 35.5 (12.3-53.8) 57 (A+B)

Grade B4 8.5 (2.3-28.8)

Grade C5 3.0 (1.0-5.0)

Grade D6 42.5 (32.8-52.5)

Total sperm count, x106 191.7 (71.6-357.0) 196

Total motile sperm count2,7, x106 116.1 (44.4-172.4) 116.7

Round cells8, x106/mL 0.5 (0.2-1.5) -

Morphology9, percentage normal 8.5 (5.8-11.0) -

Numbers are shown as median (interquartile range). Assessment of motility and total motile sperm count shown 

for 40 participants; in one laboratory, evaluation of motility at 37°C was not possible. 1 As described by Cooper TG et 

al., Human Reproduction update, 2010. 16(3): p. 231-245. 2 n=40; in one laboratory, evaluation of motility at 37°C was 

not possible and these cases were excluded from this analysis (n=11). 3 Rapid progressive forward. 4 Slow progressive 

forward. 5 Non-progressive. 6 Immotile. 7 Total motile sperm count is defined as the product of the cut-off values of 

the 10th percentile as defined by Cooper et al. for concentration, and percentage of progressive spermatozoa of 

the ejaculate, divided by 100%. 8 n=39; presence of round cells was unknown in 12 participants. 9 n=50; this parameter 

could not be evaluated in one participant, since only a very low number of immotile spermatozoa were present in 

the ejaculate.
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Supplemental Table 3. Semen Characteristics of 51 Male Participants treated with Radioactive Iodine for 

Differentiated Thyroid Carcinoma, compared to the 5th and 25th Percentile of Reference Ranges based on 

a General Population1 

Cut-off points Participants

n (%)

P Value 95% CI of  

estimated proportion

5TH PERCENTILE

Volume, mL 0.4872

≥ 1.2 mL 49 (96.1)

< 1.2 mL 2 (3.9) [0.5 – 13.5%]

Concentration, x 106 0.0292

≥ 9 million 45 (88.2)

< 9 million 6 (11.8) [4.4 – 23.9%]

Progressive motility3, percentage 0.0062

≥ 31% 34 (85.0)

< 31% 6 (15.0) [5.7 – 29.8%]

Total sperm count, x106 0.4872

≥ 10.8 million 49 (96.1)

< 10.8 million 2 (3.9) [0.5 – 13.5%]

Total motile sperm count3,4, x106 0.5002

≥ 3.3 million 38 (95.0)

< 3.3 million 2 (5.0) [0.6 – 16.9%]

25TH PERCENTILE

Volume, mL 0.3435

≥ 2.2 mL 40 (78.4)

< 2.2 mL 11 (21.6) [11.3– 35.3%]

Concentration, x 106 0.0315

≥ 36 million 32 (62.7)

< 36 million 19 (37.3) [24.1 – 51.9%]

Progressive motility3, percentage 0.0505

≥ 49% 25 (62.5)

< 49% 15 (37.5) [22.7 – 54.2%]

Total sperm count, x106 0.4045

≥ 79.2 million 37 (72.5)

< 79.2 million 14 (27.5) [15.9 – 41.7%]

Total motile sperm count3,4, x106 0.4285

≥ 38.8 million 31 (77.5)

< 38.8 million 9 (22.5) [10.8 – 38.5%]

P values in bold indicate a statistically significant difference (P < 0.05). Abbreviations: CI, confidence interval. 1 Cut-off 

points were based on the 5th and 25th percentile of a general population, as described by Cooper TG et al., Human 

Reproduction update, 2010. 16(3): p. 231-245. 2 Binomial test with the hypothesized proportion of 0.05. 3 n=40; in one 

laboratory, evaluation of motility at 37°C was not possible and these cases were excluded from this analysis (n=11). 
4Total motile sperm count is defined as the product of cut-off values of the 10th percentile as defined by Cooper et al. 

for concentration, and percentage of progressive spermatozoa of the ejaculate, divided by 100%. 5 Binomial test with 

the hypothesized proportion of 0.25. Clopper-Pearson binomial proportion confidence intervals are shown.
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Supplemental Table 4. Associations between Treatment and Semen Characteristics in Participants treated 

with Radioactive Iodine for Differentiated Thyroid Carcinoma 

Volume <10th 

percentile

n = 5

Volume ≥10th 

percentile

n = 46

P Value

Age upon Evaluation, years 49.6 (34.9-55.0) 40.4 (33.8-48.6) 0.2411

Body mass index2, kg/m2 22.2 (19.5-24.7) 27.1 (24.4-29.9) 0.0091

Follow-up since last RAI treatment, years 10.5 (4.3-16.0) 5.6 (3.0-8.5) 0.1281

Cumulative RAI dose, mCi 300.0 (175.0-411.2) 200.0 (149.7-300.0) 0.2381

Number of RAI administrations, n (%) 0.6683

Single administration 2 (40.0) 24 (52.2)

Multiple administrations 3 (60.0) 22 (47.8)

Concentration <10th 

percentile

n = 8

Concentration ≥10th 

percentile

n = 43

P Value

Age upon Evaluation, years 34.4 (28.9-42.2) 42.0 (36.1-49.6) 0.1141

Body mass index2, kg/m2 25.3 (23.4-27.8) 27.1 (24.2-30.2) 0.3581

Follow-up since last RAI treatment, years 6.1 (2.3-11.3) 5.8 (3.5-9.5) 0.9171

Cumulative RAI dose, mCi 299.0 (212.5-421.5) 200.0 (148.6-300.0) 0.1311

Number of RAI administrations, n (%) 0.1403

Single administration 2 (25.0) 24 (55.8)

Multiple administrations 6 (75.0) 19 (44.2)

A+B Motility <10th 

percentile

n = 7

A+B Motility ≥10th 

percentile

n = 33

P Value

Age upon Evaluation, years 43.0 (34.7-46.7) 37.2 (33.1-44.9) 0.5331

Body mass index2, kg/m2 27.2 (23.3-32.1) 25.9 (24.3-28.4) 0.9851

Follow-up since last RAI treatment, years 3.5 (2.1-4.6) 5.7 (3.0-7.2) 0.1051

Cumulative RAI dose, mCi 300.0 (200.0-300.0) 200.0 (149.0-300.0) 0.1901

Number of RAI administrations, n (%) 0.4073

Single administration 2 (28.6) 18 (54.5)

Multiple administrations 5 (71.4) 15 (45.5)

Total motile 

sperm count 

<10th percentile

n = 4

Total motile 

sperm count 

≥10th percentile

n = 36

P Value

Age upon Evaluation, years 38.1 (25.0-52.7) 38.1 (33.5-45.3) 0.8221

Body mass index2, kg/m2 24.3 (21.5-27.1) 27.0 (24.2-28.8) 0.1991

Follow-up since last RAI treatment, years 4.1 (2.2-6.2) 5.0 (2.9-7.3) 0.3921

Cumulative RAI dose, mCi 299.0 (224.5-300.0) 200.0 (150.0-300.0) 0.4391
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Supplemental Table 4. (continued)

Total motile 

sperm count 

<10th percentile

n = 4

Total motile 

sperm count 

≥10th percentile

n = 36

P Value

Number of RAI administrations, n (%) 0.6053

Single administration 1 (25.0) 19 (52.8)

Multiple administrations 3 (75.0) 17 (47.2)

Ever conceived 

child(ren)

n = 30

Never conceived 

child(ren)

n = 20

P Value

Age upon Evaluation, years 44.7 (37.1-49.8) 33.6 (26.0-45.5) 0.0051

Body mass index2, kg/m2 27.1 (23.9-29.8) 25.4 (24.1-29.4) 0.7761

Follow-up since last RAI treatment, years 6.6 (3.7-10.4) 4.6 (2.5-6.4) 0.1781

Cumulative RAI dose, mCi 199.9 (142.8-300.0) 293.0 (150.0-340.5) 0.1061

Number of RAI administrations, n (%) 0.2484

Single administration 17 (56.7) 8 (40.0)

Multiple administrations 13 (43.3) 12 (60.0)

Numbers are shown as median (interquartile range). For A+B motility (progressively motile spermatozoa) and total 

motile sperm count n=40; in one laboratory, evaluation of motility at 37°C was not possible and these cases were 

excluded from this analysis (n=11). P values in bold indicate a statistically significant difference (P < 0.05).

Abbreviations: RAI, radioactive iodine.
1 Mann-Whitney U test. 2 n=49; one participant did not complete the questionnaire; one did not report his current 

weight. 3 Fischer’s Exact test. 4 Pearson Chi-Square test (Asymptotic Significance).
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ABSTRACT
Importance
Pediatric differentiated thyroid cancer (DTC) has an excellent prognosis, requiring 
focus on late effects of treatment. In an initial cardiac evaluation one in five survivors 
were found to have diastolic dysfunction. Compared to age- and sex-matched 
controls, diastolic function was significantly worse in survivors of pediatric DTC. 

Objective
To determine the clinical course of the diastolic dysfunction in survivors of  
pediatric DTC.

Design
This follow-up study conducted between 2018 and 2020, re-evaluated survivors 
initially studied between 2012 and 2014. 

Setting
Nationwide multicenter study in the Netherlands. 

Participants
This evaluation was completed in 47 (71.2%) of 66 long-term survivors of pediatric DTC 
who had completed the first cardiac evaluation within the previous study.

Main outcome and measures
The primary endpoint was diastolic cardiac function (depicted by the mean of the early 
diastolic septal and early diastolic lateral tissue velocity [e’ mean]) assessed using 
echocardiography. Secondary endpoints were other echocardiographical parameters, 
plasma biomarkers (e.g. N-terminal pro–B-type natriuretic peptide, NT-proBNP), and 
survivors’ cardiovascular risk factors.

Results
Of the 47 survivors completing both cardiac evaluations, 41 were women (87.2%). 
The median age was 39.8 (range 18.8-60.3) years and the median follow-up after initial 
diagnosis was 23.4 (range 10.2-48.8) years. Between the first and second evaluation, 
the e’ mean significantly declined with 2.1 cm/s (SD±2.3 cm/s, P<0.001). The early 
diastolic septal tissue velocity (e’ septal) and the early diastolic lateral tissue velocity 
(e’ lateral) also significantly declined (-2.1±2.3 cm/s, P<0.001 and -1.7±2.9 cm/s, P<0.001, 
respectively). The median left ventricular ejection fraction (LVEF) did not significantly 
differ between the two evaluations (58.0% vs. 59.0%, P=0.084). The median NT-proBNP 
level significantly increased between the two evaluations (51.5 to 62.5 ng/L, P=0.023). 
In the best explanatory model of the multivariate linear regression analysis, body 
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mass index and age were significantly associated with e’ mean (β coefficient -0.169 
[95% confidence interval, CI -0.292;-0.047], P=0.008 and β coefficient -0.177  
[95% CI -0.240;-0.113], P<0.001, respectively).

Conclusions and relevance
Diastolic function continues to decline significantly in survivors of pediatric DTC. This 
finding requires further follow-up to assess its clinical consequences. 
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INTRODUCTION
Worldwide, the incidence of pediatric differentiated thyroid carcinoma (DTC) shows 
a sustained increase (1). Fortunately, the prognosis is excellent with a 15-year overall 
survival rate exceeding 95% (2) .

In survivors of adult DTC, thyroid-stimulating hormone (TSH) suppression 
following initial therapy is associated with diastolic dysfunction and an increased 
risk of cardiovascular disease and cardiovascular mortality (3, 4). In a cross-sectional 
cardiac evaluation of long-term survivors of pediatric DTC, one out of five survivors 
had diastolic dysfunction without cardiac arrhythmias or overt systolic dysfunction 
(5). Compared to sex- and age-matched controls, diastolic function of survivors was 
significantly worse. 

We aimed to assess the clinical course of this finding by evaluating the five-year 
follow-up cardiac (diastolic) function in these long-term survivors of pediatric DTC. 

METHODS
All 66 survivors of pediatric DTC participating in the initial evaluation were invited 
to complete a second evaluation (5). This five-year follow-up evaluation consisted 
of a physical examination (blood pressure, waist and hip circumference, heart rate, 
length, and body weight), measurement of serum biomarkers (cholesterol, glucose, 
and N-terminal pro–B-type natriuretic peptide [NT-proBNP]) and echocardiography. 
Smoking status was obtained from a questionnaire completed by the survivor. Details 
regarding treatment and medical history were obtained from survivors’ medical 
records. The echocardiographic evaluation consisted of systolic and diastolic function, 
left ventricle ejection fraction (LVEF), dimensions, wall thickness, tissue Doppler I, and 
tissue velocity imaging. Diastolic function was marked by the diastolic septal (e’ septal) 
and lateral tissue velocity (e’ lateral), and the E/A ratio. Difference values between 
both evaluations are calculated as second minus first evaluation. Diastolic function 
was considered abnormal when values were less than 2 SD of the mean age-adjusted 
reference data (6). The mean TSH level represents the area under the curve (AUC) 
for survivors with at least one available TSH measurement per year from diagnosis to 
second evaluation. A univariate linear regression analysis was performed to evaluate 
whether attained age, sex, smoking, diastolic blood pressure, waist circumference, 
body mass index (BMI) or TSH were significant predictors of diastolic function (e’ 
mean).(7) Variables that were significantly associated (P<0.1) with diastolic function 
were included in a multivariate analysis. Based on reported literature, TSH and sex were 
added to the multivariate model.(7, 8) Missing or unknown cases were excluded from 
statistical testing. Two-sided P values <0.05 were considered statistically significant. 
Performed statistical tests are described in the table legends. IBM SPSS Statistics 
(version 23.0. Armonk, NY: IBM Corp) was used for statistical analysis. This study was 
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approved by the local institutional review board and registered in the Netherlands Trial 
Register (Trial NL3280). Written informed consent was obtained from all survivors.

RESULTS 
The second assessment was completed for 47/66 of the initially evaluated pediatric 
DTC survivors. Comparing clinical and treatment characteristics, and cardiovascular 
risk factors, only systolic blood pressure and e’ lateral significantly differed between 
the participating and the non-participating survivors (114.7 vs. 120.0 mmHg, 
respectively; P=0.049 and 17.0 vs. 15.9 cm/s, respectively; P=0.035). 

Of the 47 participating survivors, 41 were women (87.2%). The median age of 
survivors upon second evaluation was 39.8 (range 18.8-60.3) years, and median 
follow-up was 23.4 (range 10.2-48.8) years after initial diagnosis (Table 1). 

Table 1 shows the treatment characteristics, physical examination, serum 
biomarkers, and smoking status. In the five-year follow-up period, median NT-proBNP 
levels significantly increased from 51.5 to 62.5 ng/L (P=0.023). 

Echocardiographic characteristics are shown in Table 2. For diastolic function, 
the mean e’ septal declined with 2.1 cm/s (SD±2.3 cm/s, P<0.001), the e’ lateral declined 
with 1.7 cm/s (SD±2.9 cm/s, P<0.001), and the E/A ratio declined with 0.2 (SD±0.4, 
P=0.002) between the first and the second evaluation. The LVEF did not significantly 
change between the first and second evaluations (58.0%, range 51-73% vs. 59.0%, 
range 51-70%, respectively; P=0.084). For e’ lateral as well as e’ septal, 20 survivors 
showed a decline of more than 2 cm/s, and three of the 20 had a decline greater than 
6 cm/s (Figure 1).

Based on age-adjusted reference ranges (6), diastolic dysfunction in the second 
evaluation was present in 23.9% for the e’ septal, in 40.4% for the e’ lateral, and 12.8% for 
the E/A ratio, compared to 13.0%, 19.1%, and 14.9% upon first evaluation, respectively. 

In the best explanatory multivariate model, body mass index and attained age were 
significantly associated with e’ mean (β coefficient -0.169 [95% confidence interval, 
CI -0.292;-0.047], P=0.008, and β coefficient -0.177 [95% CI -0.240;-0.113], P<0.001, 
respectively). The median AUC of the TSH values was not significantly associated with 
the e’ mean (Supplemental Table 1). 

DISCUSSION
In this longitudinal study of cardiac function in these relatively young survivors of 
childhood DTC, we found a deterioration of the already impaired diastolic function. 
None of the survivors currently had a known medical history of cardiovascular disease. 
To assess the clinical consequences, these findings require continued follow-up, 
since the presence of diastolic dysfunction is a known risk factor for heart failure and 
accelerated cardiac aging (7-10).
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Table 1. Clinical and treatment characteristics and cardiovascular risk factors in survivors of pediatric 

differentiated thyroid carcinoma

Survivors

n=47

Characteristic Characteristic

Sex (female), n (%) 41 (87.2) TNM stage, n (%)
Age upon diagnosis, y 16.1 (8.7–18.9) T T1-T2 27 (57.4)

Follow-up since diagnosis, y 23.4 (10.2–48.8) T3-T4 11 (23.4)

Histology, n (%) Tx 9 (19.1)

Papillary 40 (85.1) N N0 20 (42.6)

Follicular 7 (14.9) N1a-N1b 22 (46.8)

Total thyroidectomy, n (%) 47 (100.0) Nx 5 (10.6)

Radioiodine treatment, n (%) 45 (95.7) M M0 40 (85.1)

Cumulative activitya, GBq 5.8 (1.3–35.2) M1b 2 (4.3)

TSH levels, mU/L Mx 5 (10.6)

Total follow-up period, AUCc 0.5 (0.2–2.8) Disease remission, n (%) 47 (100.0)

Till first evaluation, AUCd 0.6 (0.1–3.9) Time between evaluations, y 5.5 (4.7–6.7)

Cardiovascular risk factor First evaluation

median (range)

Second evaluation

median (range)

Difference

median (IQR)

P Value

Age upon evaluation, y 34.3 (18.8–60.3) 39.8 (24.6–65.9) 5.5 (5.2–6.2) n.a.

Heart rate, bpm 68.2 (43.5–93.7) 66.0 (52.7–88.8) 2.1 (-7.8–7.1) 0.878e

Body mass index, kg/m2 24.0 (18.9–40.4) 25.6 (19.3–39.4) 1.5 (-0.1–2.4) <0.001e

Overweight (BMI≥25 kg/m2), n (%) 21 (44.7) 24 (51.1) 0.219f

Body surface area, m2 1.8 (1.6–2.4) 1.9 (1.6–2.4) 0.0 (-0.0–0.1)g <0.001e

Smokingh, n (%)
No 32 (74.4) 31 (72.1) 0.317i

Current 1 (2.3) 1 (2.3)

Past 10 (23.3) 11 (25.6)

NT-proBNPj, ng/L 51.5 (7.0–225.0) 62.5 (5.0–653.0) 8.5 (-12.0–31.0) 0.023e

NT-proBNP ≥125 ng/L, n (%) 5 (10.9) 8 (17.4) 0.508f.

Fasting glucosek, mmol/L 4.9 (4.2–5.8) 5.3 (3.7–6.9) 0.4 (0.0–0.7) <0.001e

Cholesterol, mmol/L 4.6 (3.2–7.1) 5.1 (3.8–7.6) 0.3 (-0.1–0.8) 0.002e

Systolic blood pressurel, mmHg 120.0 (100.0–145.0) 121.0 (98.0–173.0) 0.1 (-5.4–10.9) 0.249e

Diastolic blood pressurel, mmHg 77.0 (53.0–100.0) 78.0 (57.0–105.0) 1.0 (-1.5–5.9) 0.056e

Waist circumferencem, cm 83.0 (67.0–123.0) 87.0 (67.0–123.0) 1.5 (-2.5–7.1) 0.044e

Hip circumferencen, cm 102.0 (77.0–134.0) 104.0 (79.0–132.0) 0.5 (-2.5–5.0) 0.404e

History of cardiovascular 

disease, n (%)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 1.000e

In these survivors of pediatric DTC we found no treatment-related risk factors to  
be associated with diastolic function. Moreover, we found no clinically relevant 
increase in cardiovascular risk factors between the two evaluations. However, in 
survivors of adult DTC, the prolonged subclinical hyperthyroidism induced by TSH 
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Table 1. (continued)

P Values in bold indicate a significant difference (<0.05). Variables are shown as median (range). Difference values 

between the two evaluations are calculated as second evaluation minus first evaluation. Difference values are shown as 

median (interquartile range). Abbreviations: IQR, interquartile range; TSH, thyroid stimulating hormone; AUC, mean 

area under the curve; and TNM, tumor node metastasis; y, years; n.a., not applicable; bpm, beats per minute; and NT-

proBNP, N-terminal pro–B-type natriuretic peptide. a 2 survivors had no radioiodine treatment; n=45. b Both survivors 

had lung metastases. c n=10, 37 survivors had incomplete TSH levels. d n=22 survivors, 25 survivors had incomplete TSH 

levels. e Wilcoxon Signed-Rank test. f McNemar test. g Unrounded median difference: 0.04 (-0.01–0.08) m2. h n=43; 4 

survivors excluded from analysis for inconsistent answers. i McNemar-Bowker test. j n=46; blood sample too small in 

one participant. k n=45; blood sample too small in one participant and non-fasting glucose in one participant. l n=44; 

three survivors had no complete physical examination. For two survivors, blood pressure at first or second evaluation 

measured using right arm only. This measurement taken into analysis. m n=42; waist circumference was not measured 

in four survivors and measured incorrectly in one survivor. n n=43; in four survivors hip circumference not measured.

Figure 1. Difference (delta) in diastolic function in 47 survivors of childhood differentiated thyroid 

carcinoma over a median period of five years. Dashed vertical line displays difference of zero cm/s 

between evaluations. Negative values indicate a decrease in diastolic function. Graph A. Difference in 

early diastolic lateral (grey bars, n=47) and septal (black bars, n=46) tissue velocity in cm/s, plotted against 

frequency. Graph B. Difference in mean of early diastolic lateral and septal tissue velocity in cm/s (black 

bars, n=46), plotted against frequency. Abbreviations: e’ lateral, early diastolic lateral tissue velocity; and 

e’ septal, early diastolic septal tissue velocity. For one survivor, data regarding the e’ septal was missing.
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suppression therapy is associated with disturbed myocardial relaxation, which can 
eventually result in diastolic dysfunction (3, 11), and an increased risk of cardiovascular 
disease and mortality (12-15).

Limitations
The retrospective aspect of this study may be considered a limitation, creating 
a limited availability of TSH values and resulting in an incomplete representation of 

Table 2. Echocardiographic measurements of survivors of pediatric differentiated thyroid carcinoma

Variable Survivors

n=47

Difference

mean ± SD

P Value

First  

evaluation

median (range)

Second 

evaluation

median (range)

Dimensions and volumes 
Left ventricular end diastolic 

diameter, mm

47.0 (39.0–58.0) 47.0 (39.0–54.0) -1.4 ± 3.2 0.006

Left ventricular mass at end diastole, g 121.0 (71.0–226.0) 124.0 (78.0–208.0) 7.2 ± 24.7 0.052

Left ventricular mass at end diastole 

index, g/m2

66.2 (41.0–106.0) 65.9 (44.9–114.4) 2.5 ± 13.2 0.196

Left ventricular end systolic 

diameter, mm

31.0 (22.0–46.0) 30.0 (23.0–38.0) -1.5 ± 4.4 0.026

Left atrial volume indexa, mL/m2 28.1 (12.0–46.0) 28.5 (16.0–38.0) 0.5 ± 6.3 0.596

Systolic function
Left ventricular ejection fraction, n (%) 58.0 (51.0–73.0) 59.0 (51.0-70.0) 1.5 ± 5.6 0.084

Diastolic function
Early diastolic mitral valve inflow, m/s 0.8 (0.4–1.2) 0.8 (0.5–1.2) -0.1 ± 0.1b 0.009
Late diastolic mitral valve inflow, m/s 0.5 (0.3–0.9) 0.6 (0.3–1.1) 0.0 ± 0.1c 0.124

Deceleration time of mitral valve 

early inflow, m/s

195.4 (137.8–329.4) 184.9 (76.0–337.3) -11.4 ± 55.2 0.163

E/A ratio 1.6 (0.7–3.3) 1.4 (0.7–3.2) -0.2 ± 0.4 0.002
E/e’ ratiod 6.1 (3.7–9.5) 5.9 (2.8–9.3) -0.3 ± 1.4 0.133

Early diastolic septal tissue  

velocityd, cm/s

12.6 (5.6–19.9) 10.2 (5.1–15.7) -2.1 ± 2.3 <0.001

Early diastolic lateral tissue  

velocity, cm/s

15.9 (6.1–24.6) 13.4 (5.8–23.3) -1.7 ± 2.9 <0.001

Mean of septal and lateral early 

diastolic tissue velocityd, cm/s

14.5 (6.3–20.4) 11.7 (5.5–18.2) -1.9 ± 2.2 <0.001

P Values in bold indicate a significant difference (<0.05). Variables are shown as median (range). Difference values 

between the two evaluations are calculated as second evaluation minus first evaluation. Difference values are shown 

as mean ± standard deviation. Abbreviation: SD, standard deviation. 
a Left atrial volume index was available for 40 patients. b Unrounded mean difference: -0.06 m/s. c Unrounded mean 

difference: 0.003 m/s. d n=46; for one survivor the required echocardiographic image was missing.
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actual TSH levels and suppression. Another limitation includes the lack of age- and 
gender-specific reference values for the decline of diastolic function over time. 

Conclusion
This study showed a significant decline in diastolic function in survivors of pediatric 
DTC after a median follow-up of 23 years. Although the pathophysiological 
mechanisms and clinical consequences have yet to be assessed, this outcome requires 
attention, since diastolic dysfunction is associated with accelerated cardiac aging and 
the survivors included in our study had a median age of only 40 years. Further research 
and follow-up is needed. 
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Supplemental Table 1. Univariate and multivariate linear regression models for diastolic function (e’ mean) 

among 47 survivors of pediatric DTC

Variable Coefficient βa. 95% CI P-value R² Constant B

Univariate models    

Attained age, years -0.199 [-0.264 ; -0.133] <0.001 0.462 20.032

Sex -1.072 [-3.917 ; 1.773] 0.452 0.013 12.239

TSH- Till first evaluation, mU/L 

(n=22)

-0.948 [-2.277 ; 0.381] 0.152 0.100 14.297

TSH- Between evaluations, 

mU/L (n=19)

0.070 [-2.023 ; 2.163] 0.944 0.000 12.046

Diastolic blood pressure, mmHg 

(n=44)

-0.169 [-0.267 ; -0.070] 0.001 0.225 25.240

Current smoking 5.134 [-1.358 ; 11.626] 0.118 0.056 12.016

BMI, kg/m2 -0.258 [-0.410 ; -0.106] 0.001 0.211 19.021

Waist circumference, mm (n=42) -0.109 [-0.172 ; -0.046] <0.001 0.237 21.784

Glucose, mmol/L (n=45) -0.031 [-1.902 ; 1.840] 0.973 0.000 12.306

Cholesterol, mmol/L (n=45) -1.588 [-2.681 ; -0.495] 0.005 0.166 20.248

Multivariate models
Model 1 (n=18) 0.112 0.588 26.060

Attained age -0.168 [-0.315 ; -0.021] 0.028
Diastolic blood pressure -0.028 [-0.240 ; 0.184] 0.774

BMI -0.134 [-0.700 ; 0.432] 0.613

Sex -1.651 [-6.056 ; 2.754] 0.427

TSH- Till first evaluation -0.102 [-1.714 ; 1.510] 0.891

Cholesterol -0.173 [-2.302 ; 1.955] 0.8861

Waist circumference -0.003 [-0.227 ; 0.221] 0.978

Model 2 (n=20) 0.030 0.588 26.027

Attained age -0.169 [-0.294 ; -0.043] 0.012
Diastolic blood pressure -0.029 [-0.210 ; 0.152] 0.739

BMI -0.140 [-0.423 ; 0.143] 0.307

Sex -1.657 [-5.444 ; 2.131] 0.364

TSH- Till first evaluation -0.101 [-1.488 ; 1.287] 0.879

Cholesterol -0.177 [-1.997 ; 1.642] 0.838

Model 3 (n=42) <0.001 0.587 26.251

Attained age -0.171 [-0.241 ; -0.101] <0.001
Diastolic blood pressure -0.029 [-0.134 ; 0.076] 0.580

BMI -0.139 [-0.303 ; 0.026] 0.096

Sex -1.596 [-3.745 ; 0.553] 0.141

Cholesterol -0.223 [-1.216 ; 0.771] 0.653

Model 4 (n=42) <0.001 0.585 25.739

Attained age -0.175 [-0.242 ; -0.107] <0.001
Diastolic blood pressure -0.032 [-0.135 ; 0.071] 0.537

SUPPLEMENTARY DATA
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Supplemental Table 1. (continued)

Variable Coefficient βa. 95% CI P-value R² Constant B

BMI -0.148 [-0.305 ; 0.009] 0.064

Sex -1.732 [-3.770 ; 0.307] 0.094

Model 5 (n=45) <0.001 0.580 24.294

Attained age -0.180 [-0.242 ; -0.118] <0.001
BMI -0.177 [-0.296 ; -0.058] 0.004
Sex -1.805 [-3.735 ; 0.125] 0.066

Model 6 (n=45) <0.001 0.545 23.719

Attained age -0.177 [-0.240 ; -0.113] <0.001
BMI -0.169 [-0.292 ; -0.047] 0.008

Abbreviations: DTC, Differentiated thyroid carcinoma; CI, confidence interval; TSH, Thyroid stimulating hormone; 

BMI, body mass index. P Values in bold represent statistically significant values (<0.05). Variables in italic in 

the multivariate models represent the variable excluded in the successive model. a. Unstandardized coefficient β.
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ABSTRACT 
Context
Little is known about long-term quality of life (QoL) of survivors of pediatric 
differentiated thyroid carcinoma (DTC). Therefore, this study aimed to evaluate 
generic health-related QoL (HRQoL), fatigue, anxiety, and depression in these 
survivors compared with matched controls, and to evaluate thyroid cancer-specific 
HRQoL in survivors only.

Design
Survivors diagnosed between 1970 and 2013 at age ≤18 years, were included. Exclusion 
criteria were a follow-up <5 years, attained age <18 years, or diagnosis of DTC as 
a second malignant neoplasm. Controls were matched by age, sex, and socioeconomic 
status. Survivors and controls were asked to complete 3 questionnaires [Short-Form 
36 (HRQoL), Multidimensional Fatigue Inventory 20 (fatigue), and Hospital Anxiety 
and Depression scale (anxiety/depression)]. Survivors completed a thyroid cancer–
specific HRQoL questionnaire.

Results
Sixty-seven survivors and 56 controls. Median age of survivors at evaluation was 
34.2 years (range 18.8 to 61.7 years). Median follow-up was 17.8 years (range 5.0 to 
44.7 years). On most QoL subscales, scores of survivors and controls did not differ 
significantly. However, survivors had more physical problems (P = 0.031), role 
limitations due to physical problems (P = 0.021), and mental fatigue (P = 0.016) than 
controls. Some thyroid cancer-specific complaints (e.g. sensory complaints and 
chilliness) were present in survivors. Unemployment and more extensive disease or 
treatment characteristics were most frequently associated with worse QoL. 

Conclusions
Overall, long-term QoL in survivors of pediatric DTC was normal. Survivors experienced 
mild impairment of QoL in some domains (physical problems, mental fatigue, and 
various thyroid cancer-specific complaints). Factors possibly affecting QoL need 
further exploration.
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INTRODUCTION
The diagnosis and treatment of childhood cancer constitute a major life event that may 
influence psychosocial functioning and quality of life (QoL) long after initial treatment 
has been completed. Pediatric differentiated thyroid carcinoma (DTC) is a rare 
malignancy with an excellent survival rate (1, 2). The incidence of this disease is rising 
(3, 4). At present there is an increased focus on the long-term consequences of this 
disease and its treatment. After initial treatment, which most often consists of a total 
thyroidectomy followed by radioactive iodine (131I) administration, life-long follow-up is 
initiated (5). Moreover, about a third of the pediatric DTC survivors in The Netherlands 
have postoperative complications, including permanent hypoparathyroidism, which 
also require medical support (2). Both hypothyroidism and hypoparathyroidism have 
been described as negatively affecting the QoL of DTC survivors (6, 7). 

The available data on QoL in survivors of pediatric DTC are limited. Most studies 
evaluate QoL in survivors of adolescent and adult DTC. QoL in survivors of adolescent 
DTC was found to be normal compared to control groups (8, 9). Survivors of adult 
DTC reported lower health-related QoL (HRQoL) and higher levels of fatigue, 
anxiety, and depression compared with healthy controls (5, 10-12). For DTC survivors, 
thyroid cancer-specific complaints may arise after treatment and during follow-up. 
Most long-term survivors of adult DTC with a median follow-up period of 9.6 years 
experienced disease specific symptoms (13). In survivors of pediatric DTC, thyroid 
cancer-specific complaints have not yet been evaluated.

QoL studies performed in survivors of other childhood cancers showed conflicting 
results. QoL varied from no differences to lower QoL in survivors, compared to 
a control or comparison group; this may be explained by the differences in specific 
clinical characteristics of the different types of cancers in which this has been  
studied (14-20). 

Several specific survivor characteristics may influence QoL during follow-up. 
QoL may improve in survivors of adult DTC after a longer time following diagnosis, 
especially ≥5 years after diagnosis (10, 21). Employment and a higher educational 
level were found to be associated with better QoL in survivors of adult DTC (12, 21, 
22). Young adult survivors reported other thyroid cancer-specific complaints than did 
older survivors. For example, young adult survivors reported more scar complaints, 
but less voice complaints (22). QoL in DTC survivors seems to be independent of 
thyrotropin (TSH) levels (8, 10).

So far, information is limited on long-term QoL in survivors of pediatric DTC. 
Therefore, the first aim of our study was to evaluate QoL by means of the self-
reported levels of generic HRQoL, fatigue, anxiety, and depression in adult survivors 
of pediatric DTC compared with those of matched controls. The second aim was to 
evaluate thyroid cancer-specific HRQoL in adult survivors of pediatric DTC. Our third 
aim was to evaluate whether long-term generic HRQoL, fatigue, anxiety, depression, 
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and thyroid cancer-specific HRQoL were associated with survivor, tumor, treatment, 
or follow-up characteristics. 

MATERIALS AND METHODS
Survivors
Adult survivors of pediatric DTC who participated in a nationwide follow-up study were 
asked to participate in this substudy (2). Inclusion criteria for the nationwide study 
were: diagnosis of DTC between January 1970 and December 2013 at the age of ≤18 
years, and treatment in The Netherlands [as described earlier (2)]. Exclusion criteria for 
this substudy were: follow-up <5 years after diagnosis, attained age <18 years, diagnosis 
of DTC as a second malignant neoplasm, lack of command of the Dutch language, and 
131I administration within 3 months before evaluation. 

Controls
To include controls, survivors were asked to approach 1 or 2 persons of similar sex and 
age (± 5 years of the survivors’ age) at time of follow-up. The only exclusion criterion for 
controls was having a medical history of malignancy. Preferably, peers were included 
as controls, trying to match on socioeconomic status. If this was not possible, siblings 
were allowed to be matched controls.

Participants
All survivors and controls gave informed consent before participating in the study. 
The Institutional Review Board of the University Medical Center Groningen approved 
the study on behalf of all participating institutions.

Medical data
Data on survivor and tumor characteristics (tumor node metastasis classification, 
histology, and age at diagnosis), treatment (surgical complications, i.e. 
hypoparathyroidism and recurrent laryngeal nerve injury, and cumulative 131I dose), 
and follow-up (follow-up time; outcome: i.e. remission, recurrence or persistent 
disease; and level of TSH suppression during follow-up) were retrieved from medical 
records. Data on marital status, job status, and level of education were retrieved from 
a questionnaire. 

QoL assessment
Generic HRQoL, fatigue, anxiety, and depression questionnaires were assessed for 
survivors and controls. The thyroid cancer-specific HRQoL questionnaire was assessed 
for survivors only. The questionnaires delineated below were used to assess QoL.
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Short Form 36 
The Short Form 36 (SF-36) (23) is a 36-item health survey, validated for the Dutch 
population (24). This questionnaire measures self-reported HRQoL on 8 domains: 
physical functioning, role limitations due to physical problems, bodily pain, general 
health, vitality, social functioning, role limitations due to emotional problems and 
mental health. Scores of domains are presented on a scale from 0 to 100. A higher 
score indicates better HR-QoL. The scores of the 8 subscales were converted into 
the physical and mental component scales by means of the algorithm of Ware and 
Kosinski (25), based on Dutch norms (24). An example of a question in the SF-36 
questionnaire is: “In general, would you say your health is…” Possible answers are 
“poor,” “fair,” “good,” “very good,” “excellent.” 

Multidimensional Fatigue Inventory 20
The Multidimensional Fatigue Inventory 20 (MFI-20) (26) self-report instrument was 
designed to measure fatigue. Fatigue is scored on 5 domains: general fatigue, physical 
fatigue, mental fatigue, reduced motivation and reduced activity. The MFI-20 was 
proven to be valid for the Dutch population (26). The total score, ranging from 20 to 
100 (higher scores indicating more fatigue), is calculated as the sum of the 5 domains, 
and each domain (range 4 to 20) is the sum of 4 items. Each domain includes 4 items 
on a 1 to 5-point scale ranging from “no, that is not true” to “yes, that is true.” An 
example of an item is “thinking requires effort.”

Hospital Anxiety and Depression Scale 
The Hospital Anxiety and Depression Scale (HADS) (27) is a 14-item self-assessment 
scale measuring levels of depression and anxiety. This questionnaire has been 
validated for Dutch subjects (28). Scores on subscales range from 0 to 21. Scores for 
the total scale can range from 0 to 42. A higher score indicates a higher level of anxiety 
and/or depression. Answers can be given on a 4-point Likert scale. For example, for 
“I feel tense or ‘wound up’,” possible answers are “not at all,” “from time to time, 
occasionally,” “a lot of the time,” or “most of the time.”

Thyroid cancer-specific HRQoL 
The thyroid cancer-specific HRQoL questionnaire (THYCA-QoL) (29) was designed to 
assess treatment- and cancer-specific side effects of thyroid cancer. For a time frame 
dealing with the previous week (except in the case of the sexual interest item, which 
refers to the previous 4 weeks) items can be scored on a 4-point scale ranging from 
1 (“not at all”) to 4 (“very much”). Items are summarized and translated into 7 scales 
(neuromuscular, voice, concentration, sympathetic, throat/mouth, psychological, 
and sensory problems) and 6 single items (problems with scar, felt chilly, tingling 
hands/feet, gained weight, headache, interest in sex). Scales range from 0 to 100. 
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A higher score on this scale indicates more complaints. An example of a question in 
the THYCA-QoL questionnaire is “Have you had a dry mouth?” 

Statistical analysis
Characteristics of survivors included in the QoL study were compared to 
characteristics of the excluded survivors from the nationwide study and to the eligible, 
but not included, survivors in the QoL study. Characteristics of survivors and controls 
were compared to evaluate whether controls were a good comparison group for 
the included survivors. Scores on HRQoL, fatigue, anxiety, and depression of survivors 
and matched controls were compared. Scores on thyroid cancer-specific HRQoL 
were analyzed using descriptive statistics. Associations between survivor, tumor, 
treatment, and follow-up characteristics and scores on QoL were assessed. Single 
items of the THYCA-QoL were dichotomized (not at all and a little = no; quite a bit and 
very much = yes) before testing these associations. Comparisons were made using χ2 

tests or a Fisher’s exact test (if >20% of the cells had an expected count of <5) in case 
of categorical variables. Mann-Whitney U and Kruskal-Wallis tests were performed 
because normality and homogeneity assumptions of dependent variables had been 
violated. For analyses of possible correlations between 2 variables with ordinal scales, 
the Spearman rank correlation coefficient was used. The TSH level for each year of 
follow-up was expressed as the geometric mean of the observed TSH values during 
that year, as published previously (30).  

Missing or unknown values were excluded (listwise deletion) from analyses or, in 
case of the 4 questionnaires, imputed using questionnaire-specific guidelines. For 
SF-36 and the THYCA-QoL, scores were imputed when ≤50% values of the scores for 
this subscale were missing. For MFI-20 and HADS, scores were imputed when ≥2 values 
of the subscale were not missing. When these criteria were not met, survivors or 
controls were excluded from analyses of the relevant subscale. IBM SPSS Statistics for 
Windows version 23 (IBM, Armonk, NY) was used for statistical analyses. Differences 
were considered statistically significant at P <0.05. To adjust for the multiple testing, 
a significance level of 1% (P <0.01) was used for the tested associations between 
survivor, tumor, treatment, and follow-up characteristics and QoL.

RESULTS 
Characteristics of survivors of pediatric DTC and matched controls
Out of 105 survivors participating in the nationwide study (2), 75 survivors were 
eligible for this long-term QoL substudy, 67 of whom (89.3%) agreed to participate. 
Eight survivors eligible for the QoL study were not included (Figure 1). As expected, 
survivors of the nationwide study, excluded for the QoL study, and participating 
survivors in the QoL study differed in age at evaluation (median 19.1 vs. 34.2 years, 
respectively; P <0.001) and follow-up duration (median 2.8 vs. 17.8 years, respectively.  
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Figure 1. Flowchart of inclusion of adult survivors of pediatric differentiated thyroid carcinoma in 

the quality of life study.

Table 1. Characteristics of adult survivors of pediatric differentiated thyroid carcinoma and  

matched controls

Characteristic Survivors 

n = 67

Controls 

n = 56

P Value

Sex, n (%) 0.878a

Female 58 (86.6) 49 (87.5)

Male 9 (13.4) 7 (12.5)

Age at evaluation, years 34.2 (18.8-61.7) 34.0 (19.4-60.2) 0.431b

Age at diagnosis, years 15.8 (7.9-18.8) - n.a.

Follow-up duration, years 17.8 (5.0-44.7) - n.a.

Nationality, n (%) n.a.

Dutch 67 (100) 56 (100)

Marital status, n (%) 0.129a

Relationship 43 (64.2) 43 (76.8)

No relationship 24 (35.8) 13 (23.2)

Completed education, n (%) 0.128a

Low level 16 (23.9) 6 (10.7)

Medium level 25 (37.3) 21 (37.5)

High level 26 (38.8) 29 (51.8)

Employment, n (%) 0.743a

Employed or full-time student 61 (91.0) 50 (89.3)

Unemployed and no full-time student 6 (9.0) 6 (10.7)

Relationship with survivor, n (%) n.a.

Peer - 48 (85.7)

Sibling - 8 (14.3)

Numbers are shown as median (range). Abbreviation: n.a., not applicable. a Chi-square test. b Mann-Whitney U test. 
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P <0.001). For all other survivor, tumor, treatment, or follow-up characteristics, survivors 
of the 3 groups did not differ (Supplemental Table 1). Table 1 shows the demographic 
characteristics of the survivors and their matched controls. Median age of survivors 
at evaluation was 34.2 years (range 18.8 to 61.7). Most survivors were female (86.6%), 
were married or in a relationship (64.2%), and had a paid job or were full-time students 
(91.0%). Tumor, treatment, and follow-up characteristics of survivors are shown in 
Supplemental Table 1. Survivors had a median follow-up time of 17.8 years (range 5.0 
to 44.7) after diagnosis. All survivors underwent a total thyroidectomy and 131I was 
administered to 97.0%. Of the survivors, 82.1% remained in remission during follow-
up. Ten percent had recurrence of the disease and 7% had persistent disease. The 67 
survivors gathered 59 controls. Three controls were not included because matching 
criteria were not met. The survivor and control groups did not differ significantly with 
respect to sex, age, marital status, employment/education, nationality, or completed 
education (Table 1). Almost 14% of the controls were siblings of the survivors. 

QoL in adult survivors of pediatric DTC (vs. matched controls)
Table 2 summarizes self-reported QoL measurements in survivors and controls. For 
the subscales of the questionnaires, survivors had significantly lower scores on physical 
functioning and role limitations due to physical problems as compared with controls 
(P = 0.031 and P = 0.021, lower scores represent worse HRQoL) [Figure 2(A) and 2(B)]. 
Mental fatigue scores were significantly higher in survivors (P = 0.012, higher scores 
represent more fatigue) [Figure 2(C)]. Scores on the remaining SF-36 and MFI-20 
subscales and all HADS subscales did not differ significantly between survivors and 
controls. In 12 out of 15 subscales on generic HRQoL, fatigue, anxiety, and depression, 
the interquartile range of scores was larger for survivors than for controls; for none 

Table 2. Quality of life in adult survivors of pediatric differentiated thyroid carcinoma and matched 

controls

 Questionnaire Survivors

n = 67

Controls

n = 56

P Value

Survivors vs. controls
SF-36

Physical functioning 95 (85-100)a 100 (95-100)b 0.031c

Role limitations due to physical problems 100 (75-100)a 100 (100-100)b 0.021c

Bodily pain 84 (72-100)a 100 (74-100)d 0.104

Social functioning 88 (63-100) 100 (81-100) 0.065

Mental health 84 (72-92)a 84 (76-92) 0.723

Role limitations due to emotional problems 100 (67-100)a 100 (67-100)b 0.711

General health perceptions 72 (57-87)a 77 (67-89) 0.231

Vitality 65 (50-78)a 70 (60-80) 0.194

Mental component summary scale 54 (41-56)e 53 (47-56)b 0.961
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Table 2. (continued)

Survivors

n = 67

Controls

n = 56

P Value

Physical component summary scale 53 (47-57)e 57 (53-59)b 0.024c

MFI-20

General fatigue 10 (8-15) 9 (5-12) 0.075

Physical fatigue 8 (5-12) 6 (4-10) 0.083

Reduced activity 8 (5-11) 8 (5-11) 0.613

Reduced motivation 6 (4-9) 6 (4-9) 0.879

Mental fatigue 9 (5-15) 7 (4-10) 0.012c

Total 41 (31-57) 36 (27-54) 0.129

HADS

Anxiety 4 (2-9) 3 (2-6) 0.317

Depression 1 (0-4) 1 (0-3) 0.964

Total 6 (2-11) 4 (3-9) 0.392

Survivors only 
THYCA-QoL scales

Neuromuscular 11 (0-22)

Voice 0 (0-17)

Concentration 0 (0-17)

Sympathetic 0 (0-17)

Throat/mouth 11 (0-22)

Psychological 8 (0-17)

Sensory 17 (0-33)

THYCA-QoL single items, n (%) No A Little Quite a Bit Very Much

Problems with scara 56 (84) 8 (12) 2 (3) 0 (0)

Felt chilly 39 (58) 13 (19) 9 (13) 6 (9)

Tingling hands/feet 42 (63) 19 (28) 5 (8) 1 (2)

Gained weight 47 (70) 16 (24) 3 (5) 1 (2)

Headache 34 (51) 29 (43) 2 (3) 1 (2)

Interested in sex 8 (12) 37 (55) 21 (31) 1 (2)

Numbers are shown as median (interquartile range). Abbreviations: SF-36, short form 36; MFI-20, multidimensional 

fatigue inventory 20; HADS, hospital anxiety and depression scale; and THYCA-QoL; thyroid cancer-specific 

health-related quality of life. For SF-36, higher scores indicate a better HRQoL; subscales range from 0 to 100. For 

MFI-20, higher scores indicate more fatigue; subscales range from 4 to 20; the total scale ranges from 20 to 100. 

For HADS, higher scores indicate higher levels of anxiety and/or depression; subscales range from 0 to 21; the total 

scale ranges from 0 to 42. For THYCA-QoL, a higher score indicates more symptoms; subscales range from 0 to 

100. Scores on the SF-36, MFI-20, and HADS were compared using the Mann–Whitney U test. a n = 66 because 1 

survivor filled in the questionnaire erroneously. b n = 54 because 2 controls filled in the questionnaire erroneously. 
c P < 0.05. d n = 53 because 3 controls filled in the questionnaire erroneously. e n = 65 because 2 survivors filled in 

the questionnaire erroneously.

of the 15 subscales the interquartile range of scores for controls was larger than that 
for the survivors. For the component scales, scores on the physical component scale 
were significantly lower in survivors compared to controls (P = 0.024; lower scores 
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represent worse HRQoL). Scores of other summary scales (mental component scale, 

total MFI-20, and total HADS scores) did not differ significantly between survivors and 

controls. Scores of survivors with a second malignant neoplasm (SMN) are reported in 

Supplemental Table 2. Three survivors developed a SMN after DTC. Scores of QoL of 

the 2 women diagnosed with breast cancer were similar compared with the survivors 

that were not diagnosed with a SMN. For 1 woman diagnosed with a high-grade cervical 

intraepithelial neoplasia, QoL scores were lower compared with the survivors that were 

not diagnosed with a SMN after DTC. Siblings of survivors did not differ significantly 

from nonsiblings in scores on questionnaires (data not shown). For thyroid cancer-

specific QoL, scores of survivors are shown in Table 2 and Figure 2(D). Most frequently 

reported were neuromuscular, throat/mouth, psychological and sensory complaints, 

feeling chilly, and headache.

Characteristics associated with QoL in adult survivors of pediatric DTC 
Characteristics that were possibly associated with QoL in adult survivors of pediatric 

DTC are shown in Supplemental Table 3. Male survivors reported higher levels 

of reduced motivation and more depression than did females (P = 0.007 and P = 

0.009). Unemployment was associated with lower scores on physical functioning 

and the physical component scale (P = 0.005 and P = 0.003) and higher levels of 

general fatigue, physical fatigue and total fatigue (P = 0.009, P = 0.009, and, P = 0.004, 

respectively). Treatment with a higher cumulative dose of 131I was associated with more 

complaints of headache (P = 0.006). Survivors with recurrent or persistent disease 

and survivors with a higher level of TSH suppression reported more complaints 

about the scars in their necks (P <0.001 and P = 0.002). Marital status at follow-up, 

educational level, age at follow-up, all tumor characteristics (i.e. age at diagnosis, 

tumor node metastasis stage, and histology), surgical complications (permanent 

hypoparathyroidism and recurrent laryngeal nerve injury), and follow-up duration 

showed no significant associations with QoL (HRQoL, fatigue, anxiety, depression, 

and/or thyroid cancer-specific HRQoL).

Figure 2. Quality of Life (QoL) scores in survivors of pediatric differentiated thyroid carcinoma. An 

asterisk (*) indicates a statistically significant difference. (A-C) Scores of survivors vs. controls. (A) Physical 

functioning (Short Form 36, health-related QoL) scores of survivors of vs. matched controls. Scale ranges 

from 0 to 100. A higher score indicates a better QoL. (B) Limitations in role functioning due to physical 

health (Short Form 36, health-related QoL) scores of survivors vs. matched controls. Scale ranges from 

0 to 100. A higher score indicates a better QoL. (C) Mental fatigue (Multidimensional Fatigue Inventory, 

fatigue) scores of survivors vs. matched controls. Scale ranges from 4 to 20. A higher score indicates 

a worse QoL. (D) Scores of survivors only (THYCA-QoL, thyroid cancer-specific health-related QoL). 

Scores of survivors on neuromuscular, throat/mouth, psychological, and sensory complaints are shown. 

Scales range from 0 to 100. A higher score indicates a worse QoL. 
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DISCUSSION
In the present study, we focus on QoL in long-term adult survivors of pediatric DTC, 
and our results show overall normal HRQoL, fatigue, anxiety, and depression in these 
survivors compared to matched controls. This normal QoL is similar to that found in 
studies performed in survivors of adolescent DTC (8, 9). Although survivors reported 
more physical problems, role limitations due to physical problems, and mental fatigue, 
the overall scores of survivors on these domains were still within the normal range. 
Thyroid cancer-specific complaints were present in some survivors, but most survivors 
reported relatively few or no complaints [Table 2 and Figure 2(D)]. Another reflection 
of the normal QoL of the survivors is their full participation in society, exemplified in 
most of these survivors by high employment and relationship rates and an educational 
level comparable to matched controls. Thereby, most (88%) of the survivors reported 
to have an interest in sex.

Remarkably, the overall QoL in survivors of pediatric DTC seems to be better than 
the QoL of survivors diagnosed with DTC at older ages. HRQoL, fatigue, anxiety, and 
depression were reported as worse in both short- and long-term survivor studies in 
adult DTC compared with controls (10, 11). Additionally, survivors of (young) adult DTC 
seem to experience more severe thyroid cancer-specific complaints than do survivors 
of pediatric DTC (5, 13, 22).

Although overall QoL is normal in pediatric DTC survivors compared to controls, 
physical problems seemed to be relatively more prominent in the survivor group 
compared with controls. The impaired physical functioning observed in survivors of 
pediatric DTC has been described previously in other childhood cancer survivors (18, 
19). Also in adult DTC survivors, the largest differences in scores between survivors 
and the general population were observed for physical complaints and complaints  
of fatigue (11).

Besides physical obstacles, survivors in the present study experienced mental 
constraints, in particular mental fatigue, entailing the inability to stay concentrated. 
Husson et al. (5) proposed that (mental) fatigue in survivors of (adult) DTC might be 
due to a suboptimal TSH level suppression target or could otherwise be explained by 
the presence of cancer-related fatigue (5, 31). The present data provided no support 
for a possible relationship between TSH levels and fatigue, which is consistent with 
findings in DTC survivors diagnosed at older ages (8, 10). 

Normal anxiety and depression levels as we found in the survivors of pediatric DTC 
were similar to the reported similar levels of emotional distress found in survivors of 
other childhood cancers (e.g. acute lymphatic leukemia, renal tumor, non-Hodgkin 
lymphoma, and other types of cancer) and controls (32).

Survivors reported neuromuscular, throat/mouth, psychological, and sensory 
problems to be most present in the symptom scale items. Headache and feeling chilly 
were reported most frequently in the single items. Complaints most often reported 
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in survivors of adult DTC were sympathetic complaints, neuromuscular complaints, 
and complaints of fatigue (13). Physicians underestimate the incidence of several 
thyroid cancer-specific complaints in survivors (21). For example, although 40% 
of the survivors reported voice problems, for only 15% of the survivors, recurrent 
laryngeal nerve injury was reported in their medical records (Supplemental Table 1).  
Because only 3 survivors were diagnosed with a SMN after DTC (Supplemental  
Table 2), general conclusions regarding QoL in this specific group of survivors cannot 
be drawn.

QoL is more variable in survivors compared with controls, as shown by the wider 
distribution toward worse QoL in survivors [Figure 2(A-C)]. It would be of great value 
to be able to portend QoL (variability) based on predictors. Therefore, the present 
study evaluated whether long-term generic HRQoL, fatigue, anxiety, depression, and 
thyroid cancer-specific HRQoL were associated with survivor, tumor, treatment, or 
follow-up characteristics. Of all possible predictors of QoL, unemployment was most 
frequently associated with worse QoL on many domains. However, the retrospective 
design of the study does not allow us to make statements regarding the causality 
of this impairment. This means that employment could influence QoL or vice versa. 
Socioeconomic factors could play a role in the level of QoL, as has been described 
previously in studies evaluating QoL in survivors of adult DTC (21, 22). Additionally, we 
found evidence for a more impaired QoL among survivors undergoing more extensive 
treatment or survivors with a more extended disease. Survivors with a worse outcome 
may report more complaints due to their more active disease and treatment. Lower 
QoL in female survivors of DTC compared with male survivors has been reported by 
several authors (21, 22). However, owing to the limited number of male survivors in 
the current study, conclusions regarding associations between sex and QoL could 
not be drawn. Adverse late effects on physical functioning have been described after 
administration of 131I to survivors of adult DTC (33, 34). An association between worse 
QoL and higher doses of 131I in survivors of adult DTC has previously been described 
(35). The present data on survivors of pediatric DTC also show an association between 
higher cumulative doses of 131I and worse QoL. In contrast, QoL in survivors of pediatric 
DTC was shown to be independent of other tumor or treatment characteristics, which 
confirms findings of studies in survivors of adult DTC (10, 21). Survivors of adult DTC 
showed an increasing QoL >5 years after diagnosis (21). The normal QoL in the present 
survivors may be explained by their long-term follow-up, but present results do not 
confirm this hypothesis: a longer follow-up period was not associated with better QoL.

The present study has both strengths and limitations. This study considers the QoL 
of adult survivors of both pediatric and adolescent DTC. Moreover, survivors were 
compared to sex, age, and socioeconomic-matched controls. Because of the cross-
sectional design of the study ≥5 years after diagnosis, short-term QoL was not 
evaluated. Because pediatric DTC is uncommon, gathering a larger group of survivors 
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is difficult. owing to nonnormally distributed data and the limited number of survivors 
included in this study, multivariable regression or stratified analysis was not feasible. 
To make more conclusive statements, international collaboration in prospective 
studies assessing QoL in pediatric DTC survivors is urgently needed. Moreover, to 
identify characteristics that predict QoL, longitudinal prospective studies would be 
more appropriate.

Finally, the results of this study were based only on quantitative data. Combining 
quantitative and qualitative elements to assess QoL in survivors of pediatric DTC could 
help to evaluate perceived physical and mental limitations and parameters that could 
in turn predict QoL more clearly; such methodology has also been applied in studies 
of survivors of adult DTC (36). 

To identify vulnerable childhood cancer survivors early and offer them the care 
they need, regular measurement of QoL parameters should be implemented during 
follow-up. This is in accordance with Dutch evidence-based guidelines for follow-up 
of childhood cancer survivors (37). Additionally, measurements at baseline and 
during treatment should also be performed to evaluate individual alterations in QoL. 
In our opinion, follow-up regarding monitoring QoL is necessary in survivors of  
pediatric DTC. 

In conclusion, this study shows that, in general, long-term adult survivors of 
pediatric DTC function well in society, with relatively good HRQoL and levels of fatigue, 
anxiety, and depression that are similar to matched controls. Various thyroid cancer-
specific complaints were present (e.g. sensory complaints, headache, and chilliness), 
but mostly in mild forms. However, physical problems and mental fatigue seemed to 
be relatively more prominent in the survivor group compared with controls. Thereby, 
scores on QoL in survivors are widespread, indicating individual differences between 
survivors. Factors most frequently associated with worse QoL were unemployment 
and more extensive disease or treatment characteristics. These predictors will have to 
be further explored in future studies. We recommend evaluating changes in the QoL 
of individual pediatric DTC patients from diagnosis to long-term follow-up, using 
a prospective screening program to be able to provide early and individualized care to 
prevent long-term alterations in QoL. 
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SUPPLEMENTARY DATA

Supplemental Table 1. Tumor-, treatment-, and follow-up characteristics of adult survivors of pediatric 

differentiated thyroid carcinoma included in the quality of life study compared to eligible, but not 

included survivors (non-participants) and compared to survivors excluded for the quality of life study

Survivors in the nationwide study

n = 105

Survivors included for QoL

n = 75

Survivors excluded for QoL

n = 30

Participants

n = 67

Non-

participants

n = 8

P Value P Value

Gender, n (%) 0.3333 0.5443

Female 58 (86.6) 6 (75.0) 24 (80.0)

Male 9 (13.4) 2 (25.0) 6 (20.0)

Age at evaluation, years 0.837² <0.001*²

Median (range) 34.2 (18.8-61.7) 39.3 (12.2-51.4) 19.1 (10.6-39.5)

Age at diagnosis, years 0.066² 0.898²

Median (range) 15.8 (7.9-18.8) 13.8 (5.8-17.0) 15.9 (6.1-18.9)

Follow-up duration, years 0.595² <0.001*²

Median (range) 17.8 (5.0-44.7) 24.1 (6.4-34.5) 2.8 (1.1-21.5)

Histology, n (%) 1.0003 0.5341

Papillary 55 (82.1) 7 (87.5) 23 (76.7)

Follicular 12 (17.9) 1 (12.5) 7 (23.3)

TNM stage, n (%)
T 0.6683 0.1401

T1-T2 40 (59.7) 7 (87.5) 18 (60.0)

T3-T4 13 (19.4) 1 (12.5) 12 (40.0)

Tx 14 (20.9) 0 (0) 0 (0)

N 0.7103 0.2591

N0 31 (46.3) 3 (37.5) 19 (63.3)

N1 30 (44.8) 5 (62.5) 11 (36.7)

Nx 6 (9.0) 0 (0) (0)

M 0.5563 0.1093

M0 54 (80.6) 6 (75.0) 22 (73.3)

M1 6 (9.0) 1 (12.5) 7 (23.3)

Mx 7 (10.4) 1 (12.5) 1 (3.3)

Surgery, n (%) n.a. n.a.

Total thyroidectomy 67 (100) 8 (100) 30 (100)

LND 1.000³ 0.1151

None 31 (46.3) 4 (50.0) 14 (46.7)

Central LND 4 (6.0) 0 (0) 6 (20.0)

LND incl. lateral levels 24 (35.8) 4 (50.0) 8 (26.7)

Unknown 8 (11.9) 0 (0) 2 (6.7)
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Supplemental Table 1. (continued)

Survivors in the nationwide study

n = 105

Survivors included for QoL

n = 75

Survivors excluded for QoL

n = 30

Participants

n = 67

Non-

participants

n = 8

P Value P Value

Surgical complications, n (%)
Permanent HP (yes) 17 (25.4) 1 (12.5) 0.6623 7 (23.3) 0.6421

RLN injury (yes) 10 (14.9) 0 (0) 0.573³ 3 (10.0) 0.5253

131I administration, n (%)
131I administered (yes) 65 (97.0) 8 (100) 29 (96.7)

Cumulative 131I activity, 

GBq 

0.567² 0.1222

Median (range) 6.0 (1.2-35.2)a 5.6 (1.7-29.8)b 2.0 (0.7-17.1)c

Outcome, n (%) 1.000³ 0.1363

Remission 55 (82.1) 6 (75.0) 24 (80.0)

Recurrence 7 (10.4) 1 (12.5) 0 (0)

Persistent disease 5 (7.5) 0 (0) 4 (13.3)

Abbreviations: QoL, quality of life; TNM, tumor node metastasis; LND, lymph node dissection; HP, hypoparathyroidism; 

RLN, recurrent laryngeal nerve; and 131I, radioactive iodine. a n=64 because 131I was not administered in two survivors 

and 131I dose was unknown in one survivor. b n=29 because 131I dose was unknown in one non-participant. c n=8 because 
131I was not administered to one non-QoL participant. Significant values (P <0.05) are marked with an asterisk (*).  

¹ χ2 test. ² Mann-Whitney U test. ³ Fisher’s exact test. 
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Supplemental Table 2. Quality of life in adult survivors of pediatric differentiated thyroid carcinoma 

diagnosed with a secondary malignant neoplasm

Survivors 

with no SMN 

after DTC

n = 64

Survivors with SMN after DTC

High- 

grade 

CIN 

n = 1

Breast 

cancer  

survivor 1 

n = 1

Breast 

cancer  

survivor 2 

n = 1

Short Form-361, median 
Physical functioning 95a 60 95 65

Role limitations due to physical problems 100a 0 100 100

Bodily pain 84a 12 84 84

Social functioning 88 0 100 88

Mental health 84a 68 92 84

Role limitations due to emotional problems 100a 0 100 100

General health perceptions 72a 35 92 72

Vitality 65a 30 75 50

Mental component summary scale 53b 31 56 54

Physical component summary scale 53b 31 55 47

Multidimensional Fatigue Index 202, median
General fatigue 10 20 10 10

Physical fatigue 8 20 7 9

Reduced activity 8 17 5 5

Reduced motivation 6 5 6 4

Mental fatigue 9 18 6 9

Total 41 80 34 37

Hospital Anxiety and Depression Scale3, median
Anxiety 4 13 1 0

Depression 1 3 0 0

Total 6 16 1 0

THYCA-QoL scales4, median 
Neuromuscular 11 89 0 33

Voice 0 100 0 0

Concentration 0 67 17 0

Sympathetic 0 33 17 33

Throat/mouth 11 44 0 0

Psychological 8 83 8 0

Sensory 17 67 0 17

THYCA-QoL singe items5, n (%)
Problems with scar (yes) 10 (15)a,c no no no

Felt chilly (yes) 26 (41)c very much a little no

Tingling hands/feet (yes) 22 (34)c quite a bit a little a little

Gained weight (yes) 18 (28)c very much a little no

Headache (yes) 29 (45)a,c a little a little a little

Interested in sex (yes) 57 (89)c quite a bit quite a bit no
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Supplemental Table 2. (continued)

Abbreviations: SMN, second malignant neoplasm; DTC, differentiated thyroid carcinoma; CIN, cervical intraepithelial 

neoplasia. 1 Higher scores indicate a better HRQoL, subscales range from 0-100. 2 Higher scores indicate more fatigue, 

subscales range from 4-20, the total scale ranges from 20-100. 3 Higher scores indicate higher levels anxiety and/or 

depression, subscales range from 0-21, the total scale ranges from 0-42. 4 A higher score indicates more symptoms, 

subscales range from 0-100. 5 Not at all = no; a little, quite a bit and very much = yes. a n=63 and b n=62 because 

one and two survivors, respectively, filled in the questionnaire erroneously. c For detailed a description of all scores,  

see Table 2. 
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Supplemental Table 3. Characteristics associated with quality of life in adult survivors of pediatric  

differentiated thyroid carcinoma

Questionnaire - (sub)scale Survivor characteristics

Gender Marital status Employment/study Completed education Age at 

evaluation 

(years)

Females

n = 58

Median

Males

n = 9

P value Relationship

n = 43

Median

No

relationship

n = 24

P value Employed/student

n = 61

Median

Not employed 

and no student

n = 6

P value Low level

n = 16

Median

Medium 

level

n = 25

High 

level

n = 26

P value

 

Corr. 

coeff.

P value

SF-361

Physical functioning 95 100  0.080 100 100  0.361 98 75 0.005* 88 100 100 0.028 - 0.185 0.137

Role physical 100 100  0.188 100 100  0.213 100 0 0.035 100 100 100 0.676 - 0.026 0.836

Bodily pain 84 92  0.638 84 84  0.276 84 52 0.049 84 84 84 0.956 0.169 0.175

Social functioning 94 88  0.445 88 88  0.922 88 81 0.326 94 88 100 0.550 - 0.017 0.888

Mental health 84 80  0.464 88 88  0.658 84 76 0.534 82 84 88 0.293 - 0.028 0.825

Role emotional 100 100  0.788 100 100  0.888 100 83 0.319 100 100 100 0.171 - 0.088 0.480

Vitality 65 75  0.221 70 70  0.583 68 50 0.376 65 60 70 0.250 0.197 0.112

General health 72 85  0.088 79 79  0.385 77 54 0.029 72 82 67 0.446 - 0.055 0.659

Physical component scale 53 57  0.082 57 57  0.142 55 41 0.003* 53 55 51 0.231 0.071 0.574

Mental component scale 54 51  0.563 54 54  0.858 54 52 0.956 53 49 55 0.113 0.039 0.755

MFI-202 
General fatigue 11 8  0.056 9 9  0.172 10 17 0.009* 11 11 9 0.448 - 0.021 0.867

Physical fatigue 8 5  0.040 6 6  0.082 7 17 0.009* 8 8 8 0.821 0.095 0.442

Reduced activity 7 8  0.290 7 7  0.413 7 14 0.010 8 8 6 0.352 0.049 0.693

Reduced motivation 6 9  0.007* 6 6  0.613 6 8 0.129 7 8 6 0.225 0.024 0.845

Mental fatigue 9 11  0.477 9 9  0.655 8 16 0.045 11 10 8 0.186 0.066 0.596

Total fatigue 41 41  0.832 40 40  0.578 40 73 0.004* 45 48 38 0.282 0.021 0.863

HADS3 
Anxiety 4 5  0.684 3 3  0.200 3 9 0.025 5 3 5 0.774 0.047 0.705

Depression 1 3  0.009* 1 1  0.615 1 3 0.395 0 2 1 0.351 0.036 0.772

Total HADS 5 10  0.119 6 6  0.345 5 13 0.073 5 6 6 0.962 0.031 0.803

THYCA-QOL scales4

Neuromuscular 11 0  0.124 11 11  0.209 11 33 0.161 17 11 11 0.369 0.095 0.446

Voice 0 0  0.891 0 0  0.736 0 17 0.305 8 0 0 0.725 0.030 0.809

Concentration 0 0  0.566 0 0  0.742 0 25 0.089 0 0 0 0.554 0.222 0.071

Sympathetic 17 0  0.055 0 8  0.615 0 8 0.676 8 0 8 0.523 0.106 0.392

Throat/mouth 11 0  0.039 11 6  0.535 11 11 0.513 11 11 11 0.947 0.017 0.894

Psychological 8 8  0.397 8 8  0.249 8 38 0.014 4 8 8 0.997 0.159 0.197

Sensory 17 17  0.596 17 17  0.125 17 17  0.724 17 17 17 0.558 0.017 0.890
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Supplemental Table 3. Characteristics associated with quality of life in adult survivors of pediatric  

differentiated thyroid carcinoma

Questionnaire - (sub)scale Survivor characteristics

Gender Marital status Employment/study Completed education Age at 

evaluation 

(years)

Females

n = 58

Median

Males

n = 9

P value Relationship

n = 43

Median

No

relationship

n = 24

P value Employed/student

n = 61

Median

Not employed 

and no student

n = 6

P value Low level

n = 16

Median

Medium 

level

n = 25

High 

level

n = 26

P value

 

Corr. 

coeff.

P value

SF-361

Physical functioning 95 100  0.080 100 100  0.361 98 75 0.005* 88 100 100 0.028 - 0.185 0.137

Role physical 100 100  0.188 100 100  0.213 100 0 0.035 100 100 100 0.676 - 0.026 0.836

Bodily pain 84 92  0.638 84 84  0.276 84 52 0.049 84 84 84 0.956 0.169 0.175

Social functioning 94 88  0.445 88 88  0.922 88 81 0.326 94 88 100 0.550 - 0.017 0.888

Mental health 84 80  0.464 88 88  0.658 84 76 0.534 82 84 88 0.293 - 0.028 0.825

Role emotional 100 100  0.788 100 100  0.888 100 83 0.319 100 100 100 0.171 - 0.088 0.480

Vitality 65 75  0.221 70 70  0.583 68 50 0.376 65 60 70 0.250 0.197 0.112

General health 72 85  0.088 79 79  0.385 77 54 0.029 72 82 67 0.446 - 0.055 0.659

Physical component scale 53 57  0.082 57 57  0.142 55 41 0.003* 53 55 51 0.231 0.071 0.574

Mental component scale 54 51  0.563 54 54  0.858 54 52 0.956 53 49 55 0.113 0.039 0.755

MFI-202 
General fatigue 11 8  0.056 9 9  0.172 10 17 0.009* 11 11 9 0.448 - 0.021 0.867

Physical fatigue 8 5  0.040 6 6  0.082 7 17 0.009* 8 8 8 0.821 0.095 0.442

Reduced activity 7 8  0.290 7 7  0.413 7 14 0.010 8 8 6 0.352 0.049 0.693

Reduced motivation 6 9  0.007* 6 6  0.613 6 8 0.129 7 8 6 0.225 0.024 0.845

Mental fatigue 9 11  0.477 9 9  0.655 8 16 0.045 11 10 8 0.186 0.066 0.596

Total fatigue 41 41  0.832 40 40  0.578 40 73 0.004* 45 48 38 0.282 0.021 0.863

HADS3 
Anxiety 4 5  0.684 3 3  0.200 3 9 0.025 5 3 5 0.774 0.047 0.705

Depression 1 3  0.009* 1 1  0.615 1 3 0.395 0 2 1 0.351 0.036 0.772

Total HADS 5 10  0.119 6 6  0.345 5 13 0.073 5 6 6 0.962 0.031 0.803

THYCA-QOL scales4

Neuromuscular 11 0  0.124 11 11  0.209 11 33 0.161 17 11 11 0.369 0.095 0.446

Voice 0 0  0.891 0 0  0.736 0 17 0.305 8 0 0 0.725 0.030 0.809

Concentration 0 0  0.566 0 0  0.742 0 25 0.089 0 0 0 0.554 0.222 0.071

Sympathetic 17 0  0.055 0 8  0.615 0 8 0.676 8 0 8 0.523 0.106 0.392

Throat/mouth 11 0  0.039 11 6  0.535 11 11 0.513 11 11 11 0.947 0.017 0.894

Psychological 8 8  0.397 8 8  0.249 8 38 0.014 4 8 8 0.997 0.159 0.197

Sensory 17 17  0.596 17 17  0.125 17 17  0.724 17 17 17 0.558 0.017 0.890
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale

THYCA-QOL single items5

Survivor characteristics

Gender Marital status Employment/study Completed education Age at 

evaluation

(years)

Females

n = 58

n (%)

Males

n = 9

P value Relationship

n = 43

n (%)

No

relationship

n = 24

P value Employed/student

n = 61

n (%)

Not employed 

and no student

n = 6

P value Low level

n = 16

n (%)

Medium 

level

n = 25

High 

level

n = 26

P value Median P value

Problems with scar 0.130 1.000 0.580 0.154 0.497

yes 7 (12) 3 (33) 6 (14) 4 (17) 10 (16) 0 (0) 4 (25) 1 (4) 5 (19) 28.3

no 50 (86) 6 (67) 36 (84) 20 (83) 50 (82) 6 (100) 12 (75) 23 (92) 21 (81) 34.1

Felt chilly 0.069 0.616 0.668 0.593 0.387

yes 27 (47) 1 (11) 17 (40) 11 (46) 25 (41) 3 (50) 8 (50) 11 (44) 9 (35) 32.1

no 31 (53) 8 (89) 26 (60) 13 (54) 36 (59) 3 (50) 8 (50) 14 (56) 17 (65) 34.3

Tingling hands/feet 0.466 0.981 0.186 0.195 0.300

yes 23 (40) 2 (22) 16 (37) 9 (38) 21 (34) 4 (67) 8 (50) 6 (24) 11 (42) 36.0

no 35 (60) 7 (78) 27 (63) 15 (63) 40 (66) 2 (33) 8 (50) 19 (76) 15 (58) 32.1

Gained weight 0.260 0.228 0.060 0.624 0.132

yes 19 (33) 1 (11) 15 (35) 5 (21) 16 (26) 4 (67) 5 (31) 9 (36) 6 (23) 37.5

no 39 (67) 8 (89) 28 (65) 19 (79) 45 (74) 2 (33) 11 (69) 16 (64) 20 (77) 32.0

Headached 0.151 0.402 1.000 0.423 0.270

yes 30 (52) 2 (22) 22 (51) 10 (42) 29 (48) 3 (50) 6 (38) 11 (44) 15 (58) 28.8

no 27 (47) 7 (78) 20 (47) 14 (58) 31 (51) 3 (50) 10 (63) 13 (52) 11 (42) 35.9

Interest in sex 1.000 0.021 1.000 0.110 0.363

yes 51 (88) 8 (89) 41 (95) 18 (75) 54 (89) 5 (83) 12 (75) 22 (88) 25 (96) 32.3

no 7 (12) 1 (11) 2 (5) 6 (25) 7 (11) 1 (17) 4 (25) 3 (12) 1 (4) 42.3
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale

THYCA-QOL single items5

Survivor characteristics

Gender Marital status Employment/study Completed education Age at 

evaluation

(years)

Females

n = 58

n (%)

Males

n = 9

P value Relationship

n = 43

n (%)

No

relationship

n = 24

P value Employed/student

n = 61

n (%)

Not employed 

and no student

n = 6

P value Low level

n = 16

n (%)

Medium 

level

n = 25

High 

level

n = 26

P value Median P value

Problems with scar 0.130 1.000 0.580 0.154 0.497

yes 7 (12) 3 (33) 6 (14) 4 (17) 10 (16) 0 (0) 4 (25) 1 (4) 5 (19) 28.3

no 50 (86) 6 (67) 36 (84) 20 (83) 50 (82) 6 (100) 12 (75) 23 (92) 21 (81) 34.1

Felt chilly 0.069 0.616 0.668 0.593 0.387

yes 27 (47) 1 (11) 17 (40) 11 (46) 25 (41) 3 (50) 8 (50) 11 (44) 9 (35) 32.1

no 31 (53) 8 (89) 26 (60) 13 (54) 36 (59) 3 (50) 8 (50) 14 (56) 17 (65) 34.3

Tingling hands/feet 0.466 0.981 0.186 0.195 0.300

yes 23 (40) 2 (22) 16 (37) 9 (38) 21 (34) 4 (67) 8 (50) 6 (24) 11 (42) 36.0

no 35 (60) 7 (78) 27 (63) 15 (63) 40 (66) 2 (33) 8 (50) 19 (76) 15 (58) 32.1

Gained weight 0.260 0.228 0.060 0.624 0.132

yes 19 (33) 1 (11) 15 (35) 5 (21) 16 (26) 4 (67) 5 (31) 9 (36) 6 (23) 37.5

no 39 (67) 8 (89) 28 (65) 19 (79) 45 (74) 2 (33) 11 (69) 16 (64) 20 (77) 32.0

Headached 0.151 0.402 1.000 0.423 0.270

yes 30 (52) 2 (22) 22 (51) 10 (42) 29 (48) 3 (50) 6 (38) 11 (44) 15 (58) 28.8

no 27 (47) 7 (78) 20 (47) 14 (58) 31 (51) 3 (50) 10 (63) 13 (52) 11 (42) 35.9

Interest in sex 1.000 0.021 1.000 0.110 0.363

yes 51 (88) 8 (89) 41 (95) 18 (75) 54 (89) 5 (83) 12 (75) 22 (88) 25 (96) 32.3

no 7 (12) 1 (11) 2 (5) 6 (25) 7 (11) 1 (17) 4 (25) 3 (12) 1 (4) 42.3
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale Tumor characteristics

Age at diagnosis 

(years)

T stage N stage M stage Histology

Corr. coeff. P value T1-2

n = 40

Median

T3-4

n = 13

P value N0

n = 31

Median

N1

n=30

P value M0

n = 54

Median

M1

n = 6

P value PTC

n = 55

Median

FTC

n = 12

P value

SF-361

Physical functioning -0.058 0.645 95 100 0.453 95 100 0.673 95 95 0.855 95 100 0.902

Role physical -0.147 0.238 100 100 0.376 100 100 0.701 100 50 0.153 100 100 0.728

Bodily pain 0.132 0.290 84 84 0.982 84 84 0.939 84 67 0.081 84 79 0.468

Social functioning -0.080 0.520 88 88 0.394 88 94 0.401 88 81 0.622 88 94 0.403

Mental health -0.159 0.202 84 88 0.154 84 84 0.976 88 74 0.153 84 86 0.738

Role emotional -0.196 0.115 100 100 0.115 100 100 0.428 100 50 0.193 100 100 0.500

Vitality -0.094 0.453 65 73 0.093 65 70 0.608 65 63 0.874 68 55 0.822

General health -0.116 0.355 72 77 0.913 72 72 0.711 72 75 0.893 71 76 0.164

Physical component scale 0.096 0.447 53 52 0.876 55 53 0.412 54 52 0.931 53 54 0.960

Mental component scale -0.222 0.075 52 54 0.214 52 54 0.704 54 44 0.118 54 53 0.879

MFI-202 
General fatigue 0.035 0.777 11 10 0.138 11 10 0.347 10 11 0.727 10 11 0.883

Physical fatigue 0.119 0.339 8 8 0.248 8 7 0.228 8 7 0.588 8 6 0.489

Reduced activity 0.111 0.307 8 5 0.050 8 6 0.206 7 8 0.819 7 7 0.843

Reduced motivation 0.127 0.307 7 5 0.376 7 6 0.592 6 7 0.819 6 7 0.635

Mental fatigue 0.159 0.199 11 7 0.334 12 8 0.486 10 12 0.447 9 10 0.761

Total fatigue 0.119 0.339 48 37 0.102 48 39 0.356 41 44 0.674 41 36 0.612

HADS3 
Anxiety 0.195 0.113 5 2 0.049 4 3 0.685 3 7 0.082 4 4 0.724

Depression 0.025 0.842 1 0 0.463 1 2 0.899 1 5 0.259 1 2 0.973

Total HADS 0.189 0.125 7 4 0.082 6 5 0.806 5 11 0.074 6 5 0.694

THYCA-QOL scales4

Neuromuscular 0.058 0.640 11 11 0.864 11 14 0.249 11 19 0.303 11 11 0.892

Voice 0.030 0.810 0 0 0.811 0 0 0.224 0 8 0.492 0 0 0.449

Concentration 0.089 0.476 0 0 0.582 0 0 0.573 0 33 0.055 0 0 0.937

Sympathetic 0.072 0.564 0 17 0.028 0 17 0.249 0 8 0.857 0 0 0.403

Throat/mouth 0.083 0.503 11 0 0.922 11 6 0.555 11 17 0.433 11 0 0.301

Psychological 0.306 0.012 8 0 0.141 8 8 0.637 8 17 0.572 8 4 0.416

Sensory 0.063 0.612 17 17 0.176 17 17 0.167 17 25 0.327 17 17 0.521
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale Tumor characteristics

Age at diagnosis 

(years)

T stage N stage M stage Histology

Corr. coeff. P value T1-2

n = 40

Median

T3-4

n = 13

P value N0

n = 31

Median

N1

n=30

P value M0

n = 54

Median

M1

n = 6

P value PTC

n = 55

Median

FTC

n = 12

P value

SF-361

Physical functioning -0.058 0.645 95 100 0.453 95 100 0.673 95 95 0.855 95 100 0.902

Role physical -0.147 0.238 100 100 0.376 100 100 0.701 100 50 0.153 100 100 0.728

Bodily pain 0.132 0.290 84 84 0.982 84 84 0.939 84 67 0.081 84 79 0.468

Social functioning -0.080 0.520 88 88 0.394 88 94 0.401 88 81 0.622 88 94 0.403

Mental health -0.159 0.202 84 88 0.154 84 84 0.976 88 74 0.153 84 86 0.738

Role emotional -0.196 0.115 100 100 0.115 100 100 0.428 100 50 0.193 100 100 0.500

Vitality -0.094 0.453 65 73 0.093 65 70 0.608 65 63 0.874 68 55 0.822

General health -0.116 0.355 72 77 0.913 72 72 0.711 72 75 0.893 71 76 0.164

Physical component scale 0.096 0.447 53 52 0.876 55 53 0.412 54 52 0.931 53 54 0.960

Mental component scale -0.222 0.075 52 54 0.214 52 54 0.704 54 44 0.118 54 53 0.879

MFI-202 
General fatigue 0.035 0.777 11 10 0.138 11 10 0.347 10 11 0.727 10 11 0.883

Physical fatigue 0.119 0.339 8 8 0.248 8 7 0.228 8 7 0.588 8 6 0.489

Reduced activity 0.111 0.307 8 5 0.050 8 6 0.206 7 8 0.819 7 7 0.843

Reduced motivation 0.127 0.307 7 5 0.376 7 6 0.592 6 7 0.819 6 7 0.635

Mental fatigue 0.159 0.199 11 7 0.334 12 8 0.486 10 12 0.447 9 10 0.761

Total fatigue 0.119 0.339 48 37 0.102 48 39 0.356 41 44 0.674 41 36 0.612

HADS3 
Anxiety 0.195 0.113 5 2 0.049 4 3 0.685 3 7 0.082 4 4 0.724

Depression 0.025 0.842 1 0 0.463 1 2 0.899 1 5 0.259 1 2 0.973

Total HADS 0.189 0.125 7 4 0.082 6 5 0.806 5 11 0.074 6 5 0.694

THYCA-QOL scales4

Neuromuscular 0.058 0.640 11 11 0.864 11 14 0.249 11 19 0.303 11 11 0.892

Voice 0.030 0.810 0 0 0.811 0 0 0.224 0 8 0.492 0 0 0.449

Concentration 0.089 0.476 0 0 0.582 0 0 0.573 0 33 0.055 0 0 0.937

Sympathetic 0.072 0.564 0 17 0.028 0 17 0.249 0 8 0.857 0 0 0.403

Throat/mouth 0.083 0.503 11 0 0.922 11 6 0.555 11 17 0.433 11 0 0.301

Psychological 0.306 0.012 8 0 0.141 8 8 0.637 8 17 0.572 8 4 0.416

Sensory 0.063 0.612 17 17 0.176 17 17 0.167 17 25 0.327 17 17 0.521
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale Tumor characteristics

Age at diagnosis 

(years)

T stage N stage M stage Histology

Median P value T1-2

n = 40

n (%)

T3-4

n = 13

P value N0

n = 31

n (%)

N1

n=30

P value M0

n = 54

n (%)

M1

n = 6

P value PTC

n = 55

n (%)

FTC

n = 12

P value

THYCA-QOL single items5

Problems with scar 0.629 1.000 0.488 1.000 0.187

yes 16.4 5 (13) 2 (15) 4 (13) 6 (20) 8 (15) 1 (17) 10 (18) 0 (0)

no 15.7 34 (85) 11 (85) 26 (84) 24 (77) 45 (83) 5 (83) 44 (80) 12 (100)

Felt chilly 0.670 0.173 0.684 1.000 0.193

yes 16.0 21 (53) 4 (31) 14 (45) 12 (40) 22 (41) 2 (33) 25 (45) 3 (25)

no 15.6 19 (48) 9 (69) 17 (55) 18 (60) 32 (59) 4 (67) 30 (55) 9 (75)

Tingling hands/feet 0.337 0.579 0.529 0.179 0.751

yes 16.3 15 (38) 6 (46) 10 (32) 12 (40) 18 (33) 4 (67) 20 (36) 5 (42)

no 15.6 25 (63) 7 (54) 21 (68) 18 (60) 36 (67) 2 (33) 35 (64) 7 (58)

Gained weight 0.681 0.480 0.298 1.000 0.160

yes 15.5 10 (25) 5 (38) 11 (35) 7 (23) 15 (28) 2 (33) 14 (25) 6 (50)

no 16.6 30 (75) 8 (62) 20 (65) 23 (77) 39 (72) 4 (67) 41 (75) 6 (50)

Headached 0.509 0.262 0.073 0.092 0.246

yes 15.5 17 (43) 8 (62) 11 (35) 17 (57) 23 (43) 5 (83) 28 (51) 4 (33)

no 16.2 22 (55) 5 (38) 20 (65) 12 (40) 30 (56) 1 (17) 26 (47) 8 (67)

Interest in sex 0.817 1.000 0.707 0.541 0.147

yes 15.6 35 (88) 11 (85) 26 (84) 27 (90) 48 (89) 5 (83) 50 (91) 9 (75)

no 16.2 5 (13) 2 (15) 5 (16) 3 (10) 6 (11) 1 (17) 5 (9) 3 (25)
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale Tumor characteristics

Age at diagnosis 

(years)

T stage N stage M stage Histology

Median P value T1-2

n = 40

n (%)

T3-4

n = 13

P value N0

n = 31

n (%)

N1

n=30

P value M0

n = 54

n (%)

M1

n = 6

P value PTC

n = 55

n (%)

FTC

n = 12

P value

THYCA-QOL single items5

Problems with scar 0.629 1.000 0.488 1.000 0.187

yes 16.4 5 (13) 2 (15) 4 (13) 6 (20) 8 (15) 1 (17) 10 (18) 0 (0)

no 15.7 34 (85) 11 (85) 26 (84) 24 (77) 45 (83) 5 (83) 44 (80) 12 (100)

Felt chilly 0.670 0.173 0.684 1.000 0.193

yes 16.0 21 (53) 4 (31) 14 (45) 12 (40) 22 (41) 2 (33) 25 (45) 3 (25)

no 15.6 19 (48) 9 (69) 17 (55) 18 (60) 32 (59) 4 (67) 30 (55) 9 (75)

Tingling hands/feet 0.337 0.579 0.529 0.179 0.751

yes 16.3 15 (38) 6 (46) 10 (32) 12 (40) 18 (33) 4 (67) 20 (36) 5 (42)

no 15.6 25 (63) 7 (54) 21 (68) 18 (60) 36 (67) 2 (33) 35 (64) 7 (58)

Gained weight 0.681 0.480 0.298 1.000 0.160

yes 15.5 10 (25) 5 (38) 11 (35) 7 (23) 15 (28) 2 (33) 14 (25) 6 (50)

no 16.6 30 (75) 8 (62) 20 (65) 23 (77) 39 (72) 4 (67) 41 (75) 6 (50)

Headached 0.509 0.262 0.073 0.092 0.246

yes 15.5 17 (43) 8 (62) 11 (35) 17 (57) 23 (43) 5 (83) 28 (51) 4 (33)

no 16.2 22 (55) 5 (38) 20 (65) 12 (40) 30 (56) 1 (17) 26 (47) 8 (67)

Interest in sex 0.817 1.000 0.707 0.541 0.147

yes 15.6 35 (88) 11 (85) 26 (84) 27 (90) 48 (89) 5 (83) 50 (91) 9 (75)

no 16.2 5 (13) 2 (15) 5 (16) 3 (10) 6 (11) 1 (17) 5 (9) 3 (25)
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale Treatment characteristics

Permanent 

hypoparathyroidism

RLN injury Cumulative 131I 

dose (mCi)

no HP

n = 40

Median

HP

n = 17

P value no RLN

injury

n = 41

Median

RLN

injury

n = 10

P value Corr.

coeff.

P value

SF-361

Physical functioning 100 90 0.276 95 100 0.398 -0.161 0.197

Role physical 100 100 0.654 100 100 0.940 -0.137 0.272

Bodily pain 84 84 0.730 84 84 0.308 -0.120 0.336

Social functioning 88 100 0.101 88 94 0.541 -0.118 0.342

Mental health 84 88 0.829 84 82 0.372 -0.117 0.350

Role emotional 100 100 0.681 100 100 0.637 0.047 0.706

Vitality 65 75 0.037 65 78 0.079 -0.205 0.099

General health 77 72 0.681 72 71 0.865 -0.176 0.157

Physical component scale 54 53 0.913 54 55 0.346 -0.259 0.037

Mental component scale 52 55 0.105 52 52 0.747 -0.147 0.244

MFI-202 
General fatigue 10 9 0.285 10 8 0.068 0.145 0.241

Physical fatigue 7 7 0.580 8 5 0.014 0.109 0.378

Reduced activity 8 5 0.091 8 5 0.389 -0.026 0.832

Reduced motivation 8 5 0.365 7 5 0.519 0.005 0.965

Mental fatigue 10 7 0.380 10 8 0.811 0.030 0.807

Total fatigue 43 34 0.171 41 35 0.132 0.087 0.483

HADS3 
Anxiety 4 3 0.726 3 5 0.720 0.038 0.759

Depression 1 0 0.388 1 2 0.931 0.006 0.960

Total HADS 6 5 0.490 6 6 0.730 0.028 0.821

THYCA-QOL scales4

Neuromuscular 11 22 0.055 11 19 0.344 0.206 0.095

Voice 0 17 0.732 0 17 0.116 -0.040 0.747

Concentration 0 0 0.957 0 0 0.862 0.210 0.088

Sympathetic 0 17 0.089 0 17 0.134 0.159 0.197

Throat/mouth 11 11 0.861 11 11 0.313 -0.028 0.822

Psychological 8 8 0.906 8 8 0.739 0.037 0.764

Sensory 17 17 0.748 17 17 0.763 0.020 0.872
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Supplemental Table 3. (continued)

Questionnaire - (sub)scale Treatment characteristics

Permanent 

hypoparathyroidism

RLN injury Cumulative 131I 

dose (mCi)

no HP

n = 40

n (%)

HP

n = 17

P value no RLN

injury

n = 41

n (%)

RLN

injury

n = 10

P value Median P value

THYCA-QOL single items5

Problems with scar 0.250 0.397 0.105

yes 8 (20) 1 (6) 7 (17) 3 (30) 347.0

no 31 (78) 16 (94) 33 (80) 7 (70) 155.5

Felt chilly 0.738 0.167 0.279

yes 16 (40) 6 (35) 19 (46) 2 (20) 200.0

no 24 (60) 11 (65) 22 (54) 8 (80) 151.0

Tingling hands/feet 0.297 0.722 0.037

yes 13 (33) 8 (47) 16 (39) 5 (50) 200.0

no 27 (68) 9 (53) 25 (61) 5 (50) 150.0

Gained weight 0.751 0.250 0.476

yes 10 (25) 5 (29) 13 (32) 1 (10) 179.5

no 30 (75) 12 (71) 28 (68) 9 (90) 157.0

Headached 0.150 0.480 0.006*

yes 21 (53) 5 (29) 17 (41) 6 (60) 262.5

no 19 (48) 11 (65) 23 (56) 4 (40) 101.4

Interest in sex 0.164 0.250 0.847

yes 34 (85) 17 (100) 38 (93) 8 (80) 159.0

no 6 (15) 0 (0) 3 (7) 2 (20) 155.5
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Supplemental Table 3. (continued)

Questionnaire - 

(sub)scale

Follow-up characteristics

TSH levels 

(mU/L)

Follow-up 

duration 

(years)

Outcome

Corr.

coeff.

P value Corr.

coeff.

P value Remission

n = 55

Median

Recurrence

n = 7

Persistent

disease

n = 5

P value

SF-361

Physical 

functioning

-0.020 0.874 -0.186 0.134 98 85 95 0.082

Role physical -0.020 0.871 0.018 0.889 100 100 100 0.756

Bodily pain -0.057 0.651 0.161 0.197 84 84 84 1.000

Social 

functioning

-0.093 0.453 0.004 0.972 100 88 88 0.242

Mental health -0.095 0.447 0.012 0.923 88 76 80 0.223

Role emotional -0.106 0.396 -0.022 0.860 100 100 100 0.589

Vitality 0.009 0.943 0.249 0.044 70 50 60 0.118

General health -0.016 0.901 -0.025 0.845 77 62 69 0.309

Physical 

component scale

-0.015 0.906 0.050 0.695 54 52 52 0.586

Mental 

component scale

0.026 0.837 0.118 0.350 54 50 52 0.180

MFI-202 
General fatigue 0.072 0.560 -0.050 0.686 10 10 11 0.694

Physical fatigue 0.070 0.571 0.034 0.785 7 11 6 0.065

Reduced activity 0.169 0.173 -0.001 0.996 8 7 7 0.431

Reduced 

motivation 

0.026 0.834 0.006 0.962 6 7 8 0.542

Mental fatigue -0.040 0.751 0.025 0.839 8 13 12 0.330

Total fatigue 0.017 0.891 -0.022 0.860 36 41 41 0.396

HADS3 
Anxiety 0.074 0.549 0.011 0.929 4 5 5 0.945

Depression -0.005 0.966 0.039 0.754 1 0 5 0.645

Total HADS 0.042 0.733 0.028 0.821 5 7 10 0.938

THYCA-QOL scales4

Neuromuscular -0.069 0.579 0.062 0.617 11 22 17 0.051

Voice -0.139 0.263 0.044 0.721 0 17 0 0.289

Concentration -0.087 0.484 0.192 0.120 0 33 33 0.043

Sympathetic -0.149 0.230 0.098 0.432 0 17 17 0.294

Throat/mouth -0.061 0.622 0.026 0.836 11 11 0 0.947

Psychological -0.073 0.555 0.041 0.744 8 17 8 0.369

Sensory -0.079 0.523 0.043 0.732 17 17 17 0.799



QUALITY OF LIFE AFTER CHILDHOOD DIFFERENTIATED THYROID CARCINOMA

171

7

Supplemental Table 3. (continued)

Questionnaire -  

(sub)scale

Follow-up characteristics

TSH levels 

(mU/L)

Follow-up 

duration 

(years)

Outcome

Median P value Median P value Remission

n = 55

n (%)

Recurrence

n = 7

Persistent 

disease

n = 5

P value

THYCA-QOL single items5

Problems with scar 0.002* 0.474 <0.001*

yes 0.06 12.8 4 (7) 1 (14) 5 (100)

no 0.20 18.2 50 (91) 6 (86) 0 (0)

Felt chilly 0.731 0.525 0.116

yes 0.18 17.6 20 (36) 4 (57) 4 (80)

no 0.17 18.2 35 (64) 3 (43) 1 (20)

Tingling hands/feet 0.525 0.650 0.257

yes 0.19 18.1 18 (33) 4 (57) 3 (60)

no 0.16 17.6 37 (67) 3 (43) 2 (40)

Gained weight 0.763 0.244 1.000

yes 0.20 21.5 17 (31) 2 (29) 1 (20)

no 0.16 17.4 38 (69) 5 (71) 4 (80)

Headached 0.663 0.275 0.251

yes 0.18 14.9 26 (47) 5 (71) 1 (20)

no 0.17 19.3 28 (51) 2 (29) 4 (80)

Interest in sex 0.699 0.428 0.191

yes 0.17 17.5 50 (91) 5 (71) 4 (80)

no 0.18 24.8 5 (9) 2 (29) 1 (20)

Significant values (P <0.01) are marked with an asterisk (*). Abbreviations: Corr. coeff., correlation coefficient; PTC, 

papillary thyroid cancer; FTC, follicular thyroid cancer; HP, hypoparathyroidism; RLN, recurrent laryngeal nerve; 

TSH, thyroid-stimulating hormone. 1 Short Form-36. Higher scores indicate a better health-related quality of life, 

subscales range from 0-100. 2 Multidimensional Fatigue Inventory 20. Higher scores indicate more fatigue, subscales 

range from 4-20, the total scale ranges from 20-100. 3 Hospital Anxiety and Depression Scale. Higher scores indicate 

higher levels anxiety and/or depression, subscales range from 0-21, the total scale ranges from 0-42. 4 A higher score 

indicates more symptoms, subscales range from 0-100. 5 Thyroid cancer-specific health-related quality of life. Not at 

all and a little = no, quite a bit and very much = yes. 
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ABSTRACT
Objective
The impact of childhood differentiated thyroid carcinoma (DTC) on psychosocial 
development has not yet been studied. The aim of this study was to evaluate 
the achievement of psychosocial developmental milestones in long-term survivors of 
childhood DTC.

Design and methods
Survivors of childhood DTC diagnosed between 1970 and 2013 were included. Reasons 
for exclusion were age <18 or >35 years at follow-up, a follow-up period <5 years or 
diagnosis with DTC as a second malignant neoplasm. Survivors gathered peer controls 
of similar age and sex (n = 30). A comparison group non-affected with cancer (n = 508) 
and other childhood cancer survivors (CCS) were also used to compare psychosocial 
development. To assess the achievement of psychosocial milestones (social, 
autonomy, and psychosexual development), the course of life questionnaire (CoLQ) 
was used.

Results
We included 39 survivors of childhood DTC (response rate 83.0%, mean age at 
diagnosis 15.6 years, and mean age at evaluation 26.1 years). CoLQ scores did not 
significantly differ between survivors of childhood DTC and the two non-affected 
groups. CoLQ scores of childhood DTC survivors were compared to scores of other CCS 
diagnosed at similar ages (n = 76). DTC survivors scored significantly higher on social 
development than other CCS, but scores were similar on autonomy and psychosexual  
developmental scales.

Conclusions
Survivors of childhood DTC showed similar development on social, autonomy, and 
psychosexual domains compared to non-affected individuals. Social development 
was slightly more favorable in DTC survivors than in other CCS, but was similar on 
autonomy and psychosexual domains.
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BACKGROUND
Childhood diagnosis of thyroid cancer is rare. Age-adjusted incidence rates of 
pediatric thyroid cancer are reported between 0.6 and 1.2 per 100 000 per year, but 
rates are increasing (1-3). Differentiated thyroid carcinoma (DTC) is the most frequently 
diagnosed histological subtype of this disease, accounting for over 90% of the thyroid 
cancers in children (1). The incidence of childhood DTC peaks during puberty and 
mainly affects girls (4, 5). The effect of DTC on the psychosocial development of 
children diagnosed with this disease has not been studied.

Childhood cancer arises in a period where several psychosocial developmental 
milestones are reached (6), also referred to as ‘the course of life’ (7). The psychosocial 
development from childhood toward adulthood involves increasing independence, 
growth of more symmetrical parent–adolescent relationships, maturation of 
personality and identity, and encountering and maintaining (first) psychosexual and 
social contacts (8). The diagnosis and treatment of childhood cancer may impair 
the psychosocial development as some childhood cancer survivors (CCS) have been 
shown to be hindered in their development. For example, CCS had fewer friends and 
tended to be older when they experienced their first sexual intimacy. However, data are 
inconclusive (7, 9-12). In survivors of various types of childhood cancer the biological 
behavior of the cancer and the impact of treatment interfere differently in the course 
of life: survivors of brain tumors seem most severely affected (9-11, 13).

Unfortunately, despite the excellent cure rates, most DTC survivors remain patients 
for the rest of their lives. Treatment of DTC consists of a thyroidectomy, and in case 
of lymph node metastases, it is extended with a lymph node dissection in the neck. In 
the Netherlands, about a third of the survivors of childhood DTC experience surgical 
complications: the most common complications are hypoparathyroidism and recurrent 
laryngeal nerve damage (5). Surgery is followed by one or more administrations of 
radioactive iodine (131I). During the 131I administrations, patients are withdrawn from 
thyroid hormone for several weeks; this causes deep hypothyroidism, involving 
changes in metabolism (14). Initial treatment usually takes from one to several years. 
Subsequently, lifelong thyroid hormone therapy is initiated. Especially for high-risk 
patients, relatively high levels of thyroid hormone are prescribed to induce subclinical 
hyperthyroidism, which decreases the risk of cancer recurrence (15). However, large 
fluctuations in thyroid hormone levels are known to have a great impact on well-
being, behavior, and learning ability (16, 17). Childhood DTC has an excellent survival, 
with 5-year and 10-year survival rates >95% (4, 5). Furthermore, specific aspects of DTC 
survivorship include lifelong use of hormone medication and blood tests as well as 
the possibility of cancer recurrences even after decades of disease-free survival (18).

An explorative study was set up, ultimately to evaluate whether interventions 
for these survivors are necessary. Our aims were (I) to compare the developmental 
milestones reached by adult survivors of childhood DTC and by individuals non-
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affected with cancer; (II) to compare psychosocial development in adult survivors of 
childhood DTC and in survivors of other types of childhood cancer and (III) to assess 
whether the psychosocial development of survivors of childhood DTC is associated 
with medical characteristics.

SUBJECTS AND METHODS
This cross-sectional study was performed in the context of a Dutch nationwide study 
examining medical characteristics and long-term treatment effects (including a paper 
questionnaire) of childhood DTC from 2012 to 2014 (5). The Institutional Review 
Board of the University Medical Center Groningen approved the study on behalf of all 
participating institutions (ABR NL40572.042.12, file number 2012/183). This study was 
registered in the Netherlands Trial Registry (trial registration number 3448).

Participants
DTC survivors
For the nationwide study, all patients diagnosed with DTC at age ≤18 years between 
1970 and 2013 treated in the Netherlands were included (5). Exclusion criteria were, 
as previously reported: follow-up <5 years after diagnosis, attained age <18 years, 
diagnosis of DTC as a second malignant neoplasm, lack of understanding of the Dutch 
language, and 131I administration within three months before evaluation (19). For 
the current study, survivors aged >35 years during evaluation were also excluded 
because the questionnaire is validated only up to the age of 35 years (7).

Groups used for comparison
Comparison to individuals unaffected by cancer

DTC survivors were compared to a group of persons unaffected by cancer from 
the survivors’ environment (peer controls) and compared to an unaffected group 
reflecting the general population (comparison group).

Peer controls: DTC survivors were asked to find one or two peers of the same sex 
and age (range plus or minus 5 years from the survivor’s age at evaluation, minimum 
age 18 years). Controls who had a medical history of malignancy were excluded. 
Although we preferred peers (e.g. friends, colleagues), we allowed inclusion of family 
members, provided they met the in/exclusion criteria (19). For the current substudy, 
peer controls aged >35 years were also excluded.

All DTC survivors and peer controls gave written informed consent before 
participating in the study.

Comparison group: A comparison group, gathered by general practitioners in 
a previous study, was used (7). For this comparison, group persons aged 18–30 years, 
with no history of cancer and with the ability to understand Dutch questionnaires 
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were included. This group consisted of 508 persons (consisting of 53% females and  
47% males).

Comparison to survivors of other childhood cancers

Survivors of other childhood cancers: For this comparison, we used data of other CCS, 
gathered in a study by Stam and coworkers (7). These survivors were diagnosed with 
cancer at age <18 years, were at least 5 years in follow-up, aged 17–30 years during 
evaluation, and were able to understand Dutch questionnaires. The different cancer 
diagnoses were grouped as leukemia/lymphoma (e.g. acute lymphoblastic leukemia, 
(non-) Hodgkin lymphoma), solid tumors (e.g. rhabdomyosarcoma, osteosarcoma) 
and brain tumors (7). Three hundred and fifty-three CCS were eligible for comparison. 
Survivors of thyroid cancer (n = 3) were excluded from analyses since we only wanted 
to compare DTC survivors to other types of childhood cancer. Subsequently, 350 CCS 
of other types of cancer (hereafter referred to as CCS) were available for comparison.

Measures
Psychosocial development
Psychosocial development was assessed using the course of life questionnaire (CoLQ) 
(7), which measures achievement of developmental milestones on five domains: (1) 
social development, (2) autonomy development, (3) psychosexual development, 
(4) antisocial behavior, and (5) substance use and gambling. To restrict the length of 
the questionnaire, for the current study only domains 1–3 were evaluated. Possible 
scores for each item were scored 1 (milestone not (yet) achieved) or 2 (milestone 
achieved). Scores were added-up to form 3 scales: social development (12 items, range: 
12–24), autonomy development (6 items, range: 6–12) and psychosexual development 
(4 items, range: 4–8). Higher scores indicate earlier achievement or achievement 
of more developmental milestones. The validity of the course of life scales is good. 
The internal consistency of the scales is satisfactory, except the autonomy scale, 
probably because the items refer to diverging aspects of autonomy (7). The Cronbach’s 
alphas in the populations under study were moderate to good: (1) social development 
(range: 12–24): DTC survivors 0.70, peer controls 0.76, comparison group 0.71, CCS 
0.75; (2) autonomy development (range: 6–12): DTC survivors 0.52, peer controls 0.49, 
comparison group 0.49, CCS 0.43; (3) psychosexual development (range: 4–8): DTC 
survivors 0.91, peer controls 0.75, comparison group 0.71, CCS 0.74.

Sociodemographic and medical data
Sociodemographics (marital status, educational level (low, medium and 
high) and employment status) and data regarding disease, treatment, 
and follow-up characteristics were retrieved from medical records and  
a self-administered questionnaire.
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Statistical methods
Data are presented as median (interquartile range) unless otherwise specified. 
Characteristics and scores on the CoLQ (on scale level and item level) of survivors of 
childhood DTC were compared separately with the characteristics or scores of the peer 
controls, the comparison group and the CCS (total, and divided by type of diagnosis). 
Associations between medical characteristics and scores on developmental domains 
were evaluated.

χ 2 tests or Fisher’s exact tests (if >20% of the cells had an expected count of <5) 
were used for categorical variables. Mann–Whitney U and Kruskal–Wallis tests were 
performed for non-normally distributed continuous or ordinal variables. Spearman’s 
rank correlation coefficient was used to correlate two non-normally distributed 
continuous and/or ordinal variables. The tests performed are described in the table 
legends. Missing or unknown values were excluded from statistical testing (pairwise 
deletion). To compensate for multiple testing, we considered differences to be 
statistically significant at P < 0.01. All tests were two-sided. IBM SPSS Statistics for 
Windows, version 23 (IBM) was used for statistical analyses.

RESULTS
I) Comparison to individuals unaffected with cancer
Sample characteristics
One hundred and five survivors were included in the nationwide study (of 169 eligible 
subjects, response rate 62.1%) (5). Of the 47 survivors eligible for the current study, 
39 (83.0%) participated (Supplementary Figure 1, see section on supplementary data 
given at the end of this article). The survivors gathered 59 peer controls, 30 of whom 
participated: 26 peer controls were excluded because of an age >35 years and 3 peer 
controls were excluded because they did not meet matching criteria.

Demographic characteristics appear in Table 1. Median age of the DTC survivors 
at evaluation was 26.2 years (range 18.8–35.7), compared to a median age of 25.8 
years (range 19.4–34.4, P = 0.628) of peer controls and a median age of 23.8 years of 
the comparison group (range 18.0–31.0, P = 0.012). The group of DTC survivors had 
significantly more females than the comparison group (87% vs. 53%, P < 0.001). DTC 
survivors reported significantly more frequently higher levels of education than 
the comparison group (P = 0.002). Other characteristics did not significantly differ 
between DTC survivors and the other two groups. 

All DTC survivors and peer controls had the Dutch nationality. Ninety-seven 
percent of the comparison group had the Dutch nationality; this was not significantly 
different from the DTC survivors (P = 0.558).

Psychosocial development
Because scores on psychosocial development did not differ between males and 
females in all evaluated groups (data not shown), no correction for sex was performed.
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Scale scores: Scores of the survivors of childhood DTC on all three developmental 
milestone scales (i.e. social development, autonomy development and psychosexual 
development) did not differ significantly from those of peer controls or of 
the comparison group (P = 0.592, P = 0.084, P = 0.841, P = 0.233, P = 0.241, and P = 0.556, 
respectively, Table 2).

Item scores: Item scores regarding social development, autonomy development 
and psychosexual development during or after secondary school did not differ 
between survivors of childhood DTC and the peer controls or the comparison group 
(Supplementary Table 1a, b, and c).

Table 1. Characteristics of survivors of childhood DTC vs. individuals non-affected with cancer

Characteristic DTC Survivors

n = 39

Peer controls

n = 30

P Value Comparison group

n = 508

P Value

Age at evaluation, years 26.2 (18.8-35.7) 25.8 (19.4-34.4) 0.628† 23.8 (18.0-31.0) 0.012†

Sex, n (%) 0.690‡ <0.001§

Female 34 (87) 28 (93) 269 (53)

Male 5 (13) 2 (7) 239 (47)

Employment, n (%) 0.576‡ 1.000‡

Employed and/or student 38 (97) 28 (93) 486 (96)

Not employed and  

no student

1 (3) 2 (7) 21 (4)

Missing 0 (0) 0 (0) 1 (0)

Completed education, n (%) 0.035‡ 0.002§

Low level 7 (18) 0 (0) 143 (28)

Medium level 15 (39) 12 (40) 246 (48)

High level 17 (44) 18 (60) 97 (19)

Missing 0 (0) 0 (0) 22 (4)

Marital status‖, n (%) 0.303§ n.a.

Relationship 24 (62) 22 (73) -

No relationship 15 (38) 8 (27) -

Marital status‖, n (%) n.a. n.a.

Not married and not  

living together

- - 299 (59)

Married or living together - - 192 (38)

Missing - - 17 (3)

†, Mann Whitney U test; ‡, Fisher’s Exact Test; §, Chi square test. ‖, answer options regarding marital status of two 

different questionnaires were non-mergeable, therefore these are shown separately. Missing values were excluded 

for statistical testing (pairwise deletion). Continuous variables are presented as median (range). P values in bold 

indicate a statistically significant difference (P < 0.01). Abbreviations: DTC, differentiated thyroid carcinoma; n.a., not 

applicable; CCS, childhood cancer survivors.
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Sample characteristics
Age at diagnosis was significantly different between survivors of childhood DTC and 

other CCS (15.6 vs. 6.3 years old, respectively, P < 0.001); the large majority (35 out of 

39, 90%) of survivors of childhood DTC were diagnosed during secondary school. We 

therefore chose to focus primarily on survivors (DTC and other CCS) diagnosed at age 

≥12 years (the age at which Dutch children generally start secondary school).

Thirty-five of the DTC survivors were diagnosed at age ≥12 years (Supplementary 

Figure 1). Of the 350 CCS non-affected with thyroid cancer 76 were diagnosed at age 

≥12 years.

As shown in Table 3, the median age of these 35 DTC survivors at diagnosis was 15.8 

years (range 12.0–18.7), and the median age at diagnosis of CCS was 14.0 years (range 

12.0–17.0, P < 0.001). The group of DTC survivors included significantly more females 

than the CCS (91% vs. 55%, P < 0.001). Median follow-up period for DTC survivors was 

10.7 years (range 5.0–23.3), and for the CCS, it was 12.0 years (range 6.2–18.1, P = 0.088). 

DTC survivors and CCS did not differ significantly on other characteristics. Ninety-

seven percent of the CCS group were Dutch; this was not significantly different from 

the DTC survivors (P = 1.000). 

Psychosocial development
Scale scores: DTC survivors scored higher on social development than did CCS (both 

diagnosed at ≥12 years, 22 (21, 23) vs. 21 (19, 22) out of 24, respectively, P = 0.005). DTC 

survivors also scored higher on social development compared to survivors of childhood 

leukemia diagnosed at age ≥12 years (22 (21, 23) vs. 20 (18, 22) respectively, P = 0.001), 

but their scores were not significantly different from those of survivors of solid tumors 

Table 2. Scores on psychosocial developmental domains: comparison of survivors of childhood DTC with 

individuals non-affected with cancer

Domain DTC 

survivors

n = 39

Peer 

controls

n = 30

P Value Comparison 

group

n = 508

P Value

Social development † 22 (20.3, 23) 22 (18, 23) 0.592 21 (19, 23) 0.233

Autonomy development ‡ 9 (8, 10) 10 (9 ,11) 0.084 9 (8, 11) 0.241

Psycho-sexual development § 8 (6.5, 8) 8 (6, 8) 0.841 8 (7, 8) 0.556

Scores are shown as median (p25, p27). Comparisons between DTC survivors and other groups were performed 

using Mann Whitney U tests. Higher scores indicate earlier achievement or achievement of more psychosocial 

developmental milestones; †, scale ranges 12-24; ‡, scale ranges 6-12; §, scale ranges 4-8. Missing values were excluded 

from statistical testing (pairwise deletion). P values in bold indicate a significant value (P <0.01). Abbreviations: DTC, 

differentiated thyroid carcinoma; CCS, childhood cancer survivors.
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or brain tumors. Scale scores of CCS and subgroups of CCS, compared to DTC survivors, 
did not differ on autonomy development and psychosexual development (Table 4). 

Item scores: Given the age at diagnosis of DTC survivors, only items that apply 
to the period during or after secondary school are discussed. Item scores regarding 
social development, autonomy development, and psychosexual development during 
or after secondary school did not differ between survivors of DTC and CCS diagnosed 
at ≥12 years old (Figure 1 and Supplemental Table 2a, b and c). 

Characteristics and psychosocial development scale scores of DTC survivors and 
CCS diagnosed at all ages are shown in Supplemental Tables 3 and 4.

Table 3. Characteristics of survivors of childhood DTC vs. survivors of other childhood cancers (both 

diagnosed age ≥12 years old)

Characteristic DTC Survivors

n = 35

Other CCS

n = 76

P Value

At diagnosis
Age at diagnosis, years 15.8 (12.0-18.7) 14.0 (12.0-17.0) <0.001†

Sex, n (%) <0.001§

Female 32 (91) 42 (55)

Male 3 (9) 34 (45)

At follow-up
Age at evaluation, years 26.3 (18.8-35.7) 26.2 (18.9-31.1) 0.741†

Follow-up period, years 10.7 (5.0-23.3) 12.0 (6.2-18.1) 0.088†

Employment, n (%) 1.000‡

Employed and/or student 34 (97) 72 (95)

Not employed and no student 1 (3) 3 (4)

Missing 0 (0) 1 (1)

Completed education, n (%) 0.237§

Low level 6 (17) 15 (20)

Medium level 13 (37) 36 (47)

High level 16 (46) 21 (28)

Missing 0 (0) 4 (5)

Marital status‖, n (%) n.a.

Relationship 23 (66) -

No relationship 12 (34) -

Marital status‖, n (%) n.a.

Not married and not living together - 31 (55)

Married or living together - 31 (41)

Missing - 3 (4)

†, Mann Whitney U test; ‡, Fisher’s Exact Test; §, Chi square test. ‖, answer options regarding marital status of two 

different questionnaires were non-mergeable, therefore these are shown separately. Missing values were excluded 

for statistical testing (pairwise deletion). Continuous variables are presented as median (range). P values in bold 

indicate a statistically significant difference (P < 0.01). Abbreviations: DTC, differentiated thyroid carcinoma; n.a., not 

applicable; CCS, childhood cancer survivors.
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Figure 1. Scores of survivors of childhood DTC (n = 35) and childhood cancer survivors (CCS, n = 76) 

of other types of cancer, both diagnosed at age ≥12 years old, on individual items of the CoLQ. Scores 

indicate the percentage of the group that has reached the developmental milestone. Dark bars: DTC 

survivors, light bars: other CCS. An asterisk (*) indicates a P value <0.01.
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Possible determinants of psychosocial development
Disease- treatment and, follow-up characteristics were not significantly associated 
with scores on domains of psychosocial development (Supplemental Table 5).

DISCUSSION
The current study shows similar achievement of psychosocial developmental 
milestones in long-term survivors of childhood DTC as compared to non-affected 
groups. A slightly better social development in DTC survivors was observed compared 
to other CCS; differences with leukemia survivors were the most pronounced. Medical 
characteristics were not associated with a better or worse psychosocial development. 
Altogether, this indicates that even though the diagnosis of DTC during childhood 
is a life-altering event, the disease does not seem to have consequences related to 
altered psychosocial development. Current results align with the overall normal QoL 
reported in a previous study describing the same cohort (19).

Current results imply that survivors of childhood DTC may be less restricted in 
their psychosocial development than other CCS; previous studies report hampered 
psychosocial development in other CCS compared to a non-affected comparison 
group of similar sex and age (7). This indicates that the degree to which a child is 
hindered in his or her development depends on the type of cancer (13). For instance, 
survivors of brain tumors and CCS treated with neurotoxic treatment (i.e. cranial 
irradiation, intrathecal chemotherapy and specific intravenous chemotherapies) were 
found to be most vulnerable to impairment of psychosexual and social development 
as compared to other CCS (10, 11, 13, 20). However, this finding was not confirmed 
in the current study. This could be due to the fact that results in the current study 
were based on brain tumor survivors diagnosed during secondary school: brain tumor 
survivors diagnosed at younger ages were not represented while younger age at 
diagnosis of a brain tumor is associated with more developmental impairment (21).

Current results allow for conclusions regarding the majority of survivors of 
childhood DTC that was diagnosed during secondary school. Diagnosis of childhood 
DTC before secondary school occurs less frequently, therefore, concise conclusions 
cannot be made.

Factors that could interfere with psychosocial development (e.g. sex, age at 
diagnosis, age at follow-up or follow-up duration: Supplemental Table 5) were 
evaluated, but surprisingly showed no significant associations with psychosocial 
development. It may be that other, not investigated, factors may have played a role.

A first possible explanation for the normal psychosocial development of survivors 
of childhood DTC could lie in the excellent prognosis of the disease. In addition, 
the indolent course of DTC allows for flexibility in treatment, thus accommodating 
school schedules. In general, attending school benefits social development. The more 
favorable social development in DTC survivors compared to other CCS emphasizes 
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this explanation. However, this statement remains speculative since we did not 
study school attendance. DTC treatment modalities differ from those of other types 
of cancer, using chemotherapeutics administered over longer periods of time. 
Another explanation could be the age upon diagnosis of most children with DTC. 
Relatively older upon diagnosis, these children as well as their parents have already 
experienced considerable developmental progression. For example, the foundations 
for social interactions (friendly as well as romantic) have already been formed. Lastly, 
fluctuations in thyroid hormone levels during periods of thyroid hormone withdrawal 
or long-term treatment effects of DTC, such as a weakened voice or the need for 
medication monitoring, may have less impact on psychosocial development than 
the aforementioned neurotoxicity and other physical or mental sequelae involved in 
other childhood cancer treatments (9, 10, 12, 22). It is common practice to substitute 
DTC survivors with levothyroxine after initial treatment and only use triiodothyronine 
in preparation for treatment with 131I (23). As a result, current results suggest that 
neurological development of childhood DTC survivors is not affected by this approach 
to treatment.

Strengths and limitations
There is a great lack of knowledge regarding the long-term impact of childhood 
thyroid cancer on psychosocial domains (23). A strength of the current study is that 
it is the first to evaluate psychosocial development in a, though relatively small, 
unique cohort of survivors of childhood DTC. Using various groups for comparison 
allowed psychosocial development in these survivors to be placed in different 
perspectives. However, when interpreting the results, one must keep in mind 
the limitations of the study. One cannot use the results of this cross-sectional design 
in long-term survivors to elaborate about psychosocial development in the first 5 
years after diagnosis, but eventual long-term results are promising. Not all predictors 
of psychosocial development were evaluated; for instance, we did not include 
the dependency of autonomy development on parenting behavior. Moreover, since 
most DTC survivors were diagnosed during secondary school, the items regarding 
elementary school were less relevant for the current population. However, the CoLQ 
is only validated containing all items (7).

Clinical implications
Current results may be reassuring for children newly diagnosed with DTC, and for their 
families and caregivers, regarding the possible psychosocial impact of their disease. 
However, the results do not imply that physicians need not monitor problems with 
psychosocial development in these survivors. This study presents data of a group of 
survivors, but individual differences should not be overlooked. Presenting patients 
with thyroid cancer as a good cancer makes them feel that physicians are downplaying 
their cancer experiences (24).
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In conclusion, the current study aimed to evaluate the achievement of psychosocial 
developmental milestones in survivors of childhood DTC and found no delay in 
autonomy, social, and psychosexual domains after diagnosis compared to individuals 
non-affected with cancer. It did find a slightly more favorable development in DTC 
survivors compared to other CCS. However, before drawing definite conclusions, 
current findings need to be confirmed in subsequent studies.
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SUPPLEMENTARY DATA

Supplemental Figure 1. Flowchart of inclusion of long-term survivors of childhood differentiated thyroid 

carcinoma in the current study evaluating achievement of psychosocial developmental milestones. 1 Klein 

Hesselink MS et al. J Clin Endocrinol Metab. 2016;101(5):2031-2039.
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Supplemental Table 1a. Social development in survivors of childhood DTC versus peer controls and 

comparison group on item level

Item DTC 

Survivors

n = 39

Peer 

controls

n = 30

P Value Comparison 

group

n = 508

P Value

At least one year competitive sports, 

elementary school, n (%)

.4401 0.1752

Yes 36 (92) 24 (80) 427 (84)

No 3 (8) 4 (13) 80 (16)

Missing 0 (0) 2 (7) 1 (0)

Number of friends in kindergarten 

through third grade, elementary 

school, n (%)

.0342 0.0072

Less than 4 6 (15) 11 (37) 187 (37)

4 or more 33 (85) 18 (60) 319 (63)

Missing 0 (0) 1 (3) 2 (0)

Number of friends in fourth-sixth 

grade, elementary school, n (%)

0.5342 0.2032

Less than 4 8 (21) 8 (27) 156 (31)

4 or more 30 (77) 21 (70) 349 (69)

Missing 1 (3) 1 (3) 3 (1)

Best friend, elementary school, n (%) 0.1561 0.0112

Yes 36 (92) 23 (77) 377 (74)

No 3 (8) 6 (20) 131 (26)

Missing 0 (0) 1 (3) 0 (0)

Most of time  playing with … 

elementary school, n (%)

0.0662 1.0001

Friends 34 (87) 20 (67) 436 (86)

Brothers and/or sisters, parents, on 

your own

5 (13) 9 (30) 62 (12)

Missing 0 (0) 1 (3) 10 (2)

At least one year competitive sports, 

middle and/or high school, n (%)

0.8002 0.8092

Yes 28 (72) 20 (67) 373 (73)

No 11 (28) 9 (30) 134 (26)

Missing 0 (0) 1 (3) 1 (0)

Number of friends, middle and/or high 

school, n (%)

0.547² 0.9652

Less than 4 12 (31) 7 (23) 154 (30)

4 or more 27 (69) 22 (73) 352 (69)

Missing 0 (0) 1 (3) 2 (0)

Best friend, middle and/or high school, 

n (%)

0.853² 0.7402

Yes 27 (69) 20 (67) 372 (73)

No 11 (28) 9 (30) 134 (26)

Missing 1 (3) 1 (3) 2 (0)
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Supplemental Table 1a. (continued)

Item DTC 

Survivors

n = 39

Peer 

controls

n = 30

P Value Comparison 

group

n = 508

P Value

Belonging to a group of friends, middle 

and/or high school, n (%)

0.5741 0.0102

Yes 37 (95) 27 (90) 403 (79)

No 1 (3) 2 (7) 97 (19)

Missing 1 (3) 1 (3) 8 (2)

Leisure time, mainly with … middle 

and/or high school, n (%)

0.7471 0.6022

Friends 32 (82) 25 (83) 430 (85)

Brothers and/or sisters, parents, on 

your own

7 (18) 4 (13) 75 (15)

Missing 0 (0) 1 (3) 3 (1)

Going to a bar or disco, middle and/or 

high school, n (%)

0.310² 0.1662

Sometimes / often 29 (74) 25 (83) 430 (85)

Never 9 (23) 4 (13) 77 (15)

Missing 1 (3) 1 (3) 1 (0)

At least one year competitive sports, 

after high school, n (%)

0.197² 0.0812

Yes 13 (33) 14 (47) 243 (48)

No 25 (64) 14 (47) 254 (50)

Missing 1 (3) 2 (7) 11 (2)

¹ Fisher’s Exact test ² Chi squares test. P Values in bold are P values <0.01
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Supplemental Table 1b. Autonomy development in survivors of childhood DTC versus peer controls and 

comparison group on item level

Item DTC 

Survivors

n = 39

Peer 

controls

n = 30

P Value Comparison 

group

n = 508

P Value

Regular chores/tasks in your family, 

elementary school, n (%)

0.1702 0.0132

Yes 10 (26) 12 (40) 233 (46)

No 29 (74) 17 (57) 273 (54)

Missing 0 (0) 1 (3) 2 (0)

Paid jobs, elementary school, n (%) 0.2782 0.3092

Yes 10 (26) 11 (37) 170 (33)

No 29 (74) 18 (60) 336 (66)

Missing 0 (0) 1 (3) 2 (0)

Regular chores/tasks in your family, 

middle and/or high school, n (%)

0.0382 0.0422

Yes 17 (44) 20 (67) 304 (60)

No 22 (56) 9 (30) 201 (40)

Missing 0 (0) 1 (3) 3 (1)

Paid jobs, middle and/or high school, n (%) 0.7151 0.8051

At the age of 18 or younger 35 (90) 25 (83) 443 (87)

At the age of 19 or older / never 4 (10) 4 (13) 64 (13)

Missing 0 (0) 1 (3) 1 (0)

First time vacation without adults, n (%) 0.2132 0.0962

At the age of 17 or younger 26 (67) 15 (50) 268 (53)

At the age of 18 or older / never 13 (33) 14 (47) 239 (47)

Missing 0 (0) 1 (3) 1 (0)

Leaving parents’ home, n (%) 0.1562 0.3622

Not living with parents 28 (72) 25 (83) 328 (64)

Still living with parents 11 (28) 4 (13) 180 (35)

Missing 0 (0) 1 (3) 0 (0)

¹ Fisher’s Exact test ² Chi squares test. P Values in bold are P values <0.01
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Supplemental Table 1c. Psychosexual development in survivors of childhood DTC versus peer controls 

and comparison group on item level

Item DTC 

Survivors

n = 39

Peer 

controls

n = 30

P Value Comparison 

group

n = 508

P Value

First girlfriend / boyfriend, n (%) 0.9072 0.3162

At the age of 17 or younger 28 (72) 21 (70) 407 (80)

At the age of 18 or older / never 10 (26) 8 (27) 99 (19)

Missing 1 (3) 1 (3) 2 (0)

First time falling in love, n (%) 0.2241 0.3621

At the age of 18 or younger 33 (85) 28 (93) 462 (91)

At the age of 19 or older / never 5 (13) 1 (3) 42 (8)

Missing 1 (3) 1 (3) 4 (1)

First time sexual intimacy, n (%) 0.9862 0.5342

At the age of 18 or younger 31 (80) 23 (77) 421 (83)

At the age of 19 or older / never 8 (21) 6 (20) 84 (17)

Missing 0 (0) 1 (3) 4 (1)

First time sexual intercourse, n (%) 0.7462 0.1892

At the age of 18 or younger 27 (69) 19 (63) 296 (58)

At the age of 19 or older / never 12 (31) 10 (33) 210 (41)

Missing 0 (0) 1 (3) 2 (0)

¹ Fisher’s Exact test ² Chi squares test. P Values in bold are P values <0.01
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Supplemental Table 2a. Social development in survivors of childhood DTC versus other childhood cancer 

survivors (diagnosed at age ≥12 years) on item level

Item DTC Survivors

n = 35

Childhood Cancer 

Survivors

n = 76

P Value

At least one year competitive sports, elementary 

school, n (%)

    0.0592

Yes 32 (91) 58 (76)  

No 3 (9) 18 (24)  

Missing 0 (0) 0 (0)  

Number of friends in kindergarten through third 

grade, elementary school, n (%)

    0.0052

Less than 4 3 (9) 25 (33)  

4 or more 32 (91) 49 (65)  

Missing 0 (0) 2 (3)  

Number of friends in fourth-sixth grade, 

elementary school, n (%)

    0.0542

Less than 4 5 (14) 24 (32)  

4 or more 30 (86) 52 (68)  

Missing 0 (0) 0 (0)  

Best friend, elementary school, n (%)     0.0082

Yes 33 (94) 55 (72)  

No 2 (6) 21 (28)  

Missing 0 (0) 0 (0)  

Most of time playing with ….., elementary school, 

n (%)

    0.3341

Friends 32 (91) 61 (80)  

Brothers and/or sisters, parents, on your own 3 (9) 11 (14)  

Missing 0 (0) 4 (5)  

At least one year competitive sports, middle and/

or high school, n (%)

    0.3452

Yes 24 (69) 45 (59)

No 11 (31) 31 (41)

Missing 0 (0) 0 (0)  

Number of friends, middle and/or high school, n (%)     0.3942

Less than 4 10 (29) 28 (37)  

4 or more 25 (71) 48 (63)  

Missing 0 (0) 0 (0)  

Best friend, middle and/or high school, n (%)     0.9862

Yes 25 (71) 56 (74)  

No 9 (26) 20 (26)  

Missing 1 (3) 0 (0)  

Belonging to a group of friends, middle and/or 

high school, n (%)

    0.0112

Yes 33 (94) 59 (78)  

No 1 (3) 17 (22)  



CHAPTER 8

196

8

Supplemental Table 2a. (continued)

Item DTC Survivors

n = 35

Childhood Cancer 

Survivors

n = 76

P Value

Missing 1 (3)  0 (0)

Leisure time, mainly with ….., middle and/or high 

school, n (%)

    0.0262

Friends 31 (89) 51 (67)  

Brothers and/or sisters, parents, on your own 4 (11) 23 (30)  

Missing 0 (0) 2 (3)  

Going to a bar or disco, middle and/or high school, 

n (%)

    0.7972

Sometimes / often 28 (80) 61 (80)  

Never 6 (17) 15 (20)  

Missing 1 (3) 0 (0)  

At least one year competitive sports, after high 

school, n (%)

    0.9202

Yes 11 (31) 25 (33)  

No 23 (66) 50 (66)  

Missing 1 (3) 1 (3)  

¹ Fisher’s Exact test ² Chi squares test. P Values in bold are P values <0.01
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Supplemental Table 2b. Autonomy development in survivors of childhood DTC versus other childhood 

cancer survivors (diagnosed at age ≥12 years) on item level

Item DTC Survivors

n = 35

Childhood Cancer

Survivors

n = 76

P Value

Regular chores/tasks in your family, elementary 

school, n (%)

    0.0332

Yes 8 (23) 33 (43)  

No 27 (77) 42 (55)  

Missing 0 (0) 1 (1)  

Paid jobs, elementary school, n (%)     0.4772

Yes 8 (23) 22 (29)  

No 27 (77) 53 (70)  

Missing 0 (0) 1 (1)  

Regular chores/tasks in your family, middle and/

or high school, n (%)

    0.3492

Yes 16 (46) 42 (55)

No 19 (54) 34 (45)  

Missing 0 (0) 0 (0)  

Paid jobs, middle and/or high school, n (%)     0.0972

At the age of 18 or younger 32 (91) 59 (78)  

At the age of 19 or older / never 3 (9) 17 (22)  

Missing 0 (0) 0 (0)  

First time vacation without adults, n (%)     0.1462

At the age of 17 or younger 24 (69) 41 (54)

At the age of 18 or older / never 11 (31) 35 (46)  

Missing 0 (0) 0 (0)  

Leaving parents’ home, n (%)     0.9362

Not living with parents 26 (74) 57 (75)

Still living with parents 9 (26) 19 (25)  

Missing 0 (0) 0 (0)  

¹ Fisher’s Exact test ² Chi squares test. P Values in bold are P values <0.01
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Supplemental Table 2c. Psychosexual development in survivors of childhood DTC versus other childhood 

cancer survivors (diagnosed at age ≥12 years) on item level 

Item DTC Survivors

n = 35

Childhood Cancer

Survivors

n = 76

P Value

First girlfriend / boyfriend, n (%)     0.0802

At the age of 17 or younger 26 (74) 45 (59)

At the age of 18 or older / never 8 (23) 31 (41)  

Missing 1 (3) 0 (0)  

First time falling in love, n (%)     0.6961

At the age of 18 or younger 30 (86) 68 (90)  

At the age of 19 or older / never 4 (11) 7 (9)  

Missing 1 (3) 1 (1)  

First time sexual intimacy, n (%)     0.2562

At the age of 18 or younger 30 (86) 58 (76)

At the age of 19 or older / never 5 (14) 18 (24)  

Missing 0 (0) 0 (0)  

First time sexual intercourse, n (%)     0.0102

At the age of 18 or younger 27 (77) 39 (51)

At the age of 19 or older / never 8 (23) 37 (49)  

Missing 0 (0) 0 (0)  

¹ Fisher’s Exact test ² Chi squares test. P Values in bold are P values <0.01
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Supplemental Table 3. Characteristics of survivors of childhood DTC versus survivors of other childhood 

cancers (diagnosed at all ages)

Characteristic DTC Survivors

n = 39

Childhood Cancer 

Survivors

n = 350‖

P Value

At diagnosis 
Age at diagnosis, years 15.6 (8.7-18.7) 6.3 (0.0-17.0) 0.001§

Sex, n (%) <0.001‡

Female 34 (87) 176 (50)

Male 5 (13) 175 (50)

At follow-up
Age at evaluation, years 26.2 (18.8-35.7) 24.4 (17.7-31.1) 0.021§

Follow-up period, years 10.7 (5.0-25.3) 16.9 (6.2-30.7) <0.001§

Employment, n (%) 0.338†

Employed and/or student 38 (97) 318 (91)

Not employed and no student 1 (3) 27 (8)

Missing 0 (0) 5 (1)

Completed education, n (%) <0.001‡

Low level 7 (18) 113 (32)

Medium level 15 (39) 167 (48)

High level 17 (44) 54 (15)

Missing 0 (0) 16 (5)

Marital status¶, n (%) n.a.

Relationship 24 (62) -

No relationship 15 (38) -

Marital status¶, n (%) n.a.

Not married and not living together - 234 (67)

Married or living together - 104 (30)

Missing - 12 (3)

† Fisher’s Exact Test ‡ Chi square test § Mann Whitney U test. ‖ n = 350, three childhood cancer survivors diagnosed with 

thyroid cancer were removed for analyses (two had thyroid carcinoma as primary malignancy, one had thyroid cancer 

as second malignant neoplasm); ¶, answer options regarding marital status of two different questionnaires were 

non-mergeable, therefore these are shown separately. Missing values were excluded for statistical testing (pairwise 

deletion). Continuous variables are presented as median (range). P Values in bold indicate a significant difference (P 

< 0.01). Abbreviations: DTC, differentiated thyroid carcinoma; n.a., not applicable.
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Supplemental Table 5. Medical characteristics associated with psychosocial development scales in survivors 

of childhood DTC 

Characteristic Social 

development

P Value Autonomy 

development

P Value Psychosexual 

development

P Value

Survivor characteristics            

Sex, n (%) 0.790† 0.107† 0.949†

Females (n = 34) 22 9 8

Males (n = 5) 22 8 8

Age at evaluation, 

years

0.946‡ 0.043‡ 0.713‡

Correlation 

coefficient

-0.012 0.325 0.063

Tumor characteristics            

Age at diagnosis, 

years

0.691‡ 0.816‡ 0.140‡

Correlation 

coefficient

0.069 0.038 0.248

T stage, n (%) 0.676† 0.578† 0.224†

T1-2 (n = 27) 22 9 8

T3-4 (n = 10) 23 10 6

N stage, n (%) 0.539† 0.989† 0.772†

N0 (n = 16) 23 9 8

N1 (n = 23) 22 9 8

M stage, n (%) 0.292† 0.474† 0.350†

M0 (n = 34) 22 9 8

M1 (n = 5) 21 9 6

Histology, n (%) 0.450† 0.488† 0.293†

PTC (n = 35) 22 9 8

FTC (n = 4) 23 9 8

Treatment 

characteristics

           

Permanent 

hypoparathyroidism, 

n (%)

0.428† 0.832† 0.428†

Yes (n = 10) 21 10 8

No (n = 28) 22 10 8

RLN injury, n (%) 0.955† 0.450† 0.565†

Yes (n = 4) 22 9 7

No (n = 32) 22 9 8

Cumulative 131I dose, 

MBq

0.511‡ 0.114‡ 0.946‡

Correlation 

coefficient

0.113 0.257 0.012
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Supplemental Table 5. (continued)

Characteristic Social 

development

P Value Autonomy 

development

P Value Psychosexual 

development

P Value

Follow-up 

characteristics

           

TSH suppression, mU/l 0.448‡ 0.858‡ 0.396‡

Correlation 

coefficient

0.129 0.035 0.142

Follow-up duration, 

years

0.615‡ 0.038‡ 0.700‡

Correlation 

coefficient

-0.087 0.334 -0.065

Outcome, n (%) 0.043§ 0.539§ 0.789§

Remission (n = 32) 22 9 8

Recurrence (n = 3) 23 12 8

Persistent disease 

(n = 4)

24   10   8  

Scores are presented as medians, except when otherwise specified. † Mann-Whitney U test ‡ Spearman’s rank 

correlation coefficient § Kruskal-Wallis test. P Values in bold are P values <0.01. Abbreviations: DTC, differentiated 

thyroid carcinoma; TNM stage (according to 7th ed. Of American Joint Committeea), tumor node metastases stage; 

RLN, recurrent laryngeal nerve; 131I, radioactive iodine; MBq, megabecquerel; TSH, thyroid-stimulating hormone; 

mU/l, milliunits per liter.
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SUMMARY
Clinical course and outcome of childhood differentiated thyroid cancer
In Chapter 2, we evaluated the clinical course of patients diagnosed with differentiated 
thyroid carcinoma (DTC) during childhood (i.e. diagnosed before the age of 19 years). 
Disease-specific survival of 170 patients was 100% after a median follow-up period of 
13.5 years. One patient had died from a cause other than DTC. From 105 survivors, we 
obtained informed consent to review their medical record. After surgical treatment, 
almost one in three patients suffered from permanent complications such as 
hypoparathyroidism or recurrent laryngeal nerve injury. Patients with more advanced 
primary tumors, lymph node or distant metastases (DM) were treated with a higher 
number of radioactive iodine (131I) administrations and a higher cumulative dose of 
131I. The majority of the patients remained in remission during follow-up, but 9% had 
persistent disease and 8% experienced disease recurrence. Having a higher tumor, 
node or metastases stage was associated with having persistent disease. 

A minority of patients with childhood DTC develops distant metastatic disease 
and no large scale studies have been conducted regarding long-term outcomes of 
these patients. When patients with an aggressive form of DTC do not respond to 
standard treatment, molecular targeted therapy may be beneficial. However, further 
development of targeted therapy requires better definition of the mutational landscape 
in patients with childhood DTC. In Chapter 3 we therefore described the clinical 
course and mutational landscape of patients diagnosed with DM from childhood DTC 
in a cohort of patients treated at the MD Anderson Cancer Center in the United States. 
We showed that distant spread of childhood DTC is persistent in nature, but mild in 
its course. The median overall survival was 50.7 years, with a median disease-specific 
survival of 52.8 years. Patients were treated with surgery and 131I, and – in exceptional 
cases – with systemic therapy. Most patients with an identified oncogenic driver had 
a fusion involving the rearranged during transfection (RET) gene. The presence of 
fusions involving the neurotrophic tyrosine kinase receptor (NTRK) gene and v-Raf 
murine sarcoma viral oncogene homolog B (BRAF) mutations was less pronounced. 
No clear genotype-phenotype associations were discovered.

Late effects of the administration of radioactive iodine
In Chapter 4, we evaluated female fertility in the Dutch nationwide cohort, using 
a fertility-focused questionnaire and measuring serum Anti-Müllerian Hormone 
(AMH, a marker of ovarian reserve), luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and estradiol (E2). The numbers of live births and of couples reporting 
problems with conceiving were comparable to the general population. AMH levels 
evaluated after a median follow-up period of 15.4 years did not differ significantly 
from the comparison group consisting of women not treated for cancer, even after 
adjusting for age. LH, FSH, and E2 levels were within reference ranges. Based on this 
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broad evaluation of female fertility, we concluded that there is no evidence to suggest 
that long-term female fertility is impaired after the treatment of childhood DTC. 

In the nationwide childhood DTC study, 17 males participated, four of whom 
agreed to participate in semen analysis. Because of this low number, and to obtain 
a representative number of males, we decided to evaluate male fertility in survivors of 
adult DTC, as shown in Chapter 5. We examined 51 males who had had a follow-up period 
of at least two years after their last administration of 131I. Depending on the cut-off for 
‘low semen quality’, a minority of participants had low semen quality compared to 
a general population (1). However, reproductive characteristics and evaluation of LH, 
FSH, and Testosterone showed no overt disturbances.

Late effects of thyroid-stimulating hormone suppression therapy 
A first evaluation of cardiac function in the current cohort of survivors of childhood 

DTC revealed the presence of diastolic dysfunction in one out of five survivors after 
a median follow-up of 17 years after diagnosis (2). When compared to age- and 
sex-matched controls, the median (left ventricular) diastolic function was lower in 
survivors. Systolic function was unaffected and no atrial fibrillation was observed. 
As diastolic dysfunction is associated with accelerated cardiac aging and an increased 
risk of cardiovascular disease, we re-evaluated 47 of the aforementioned survivors five 
years after their first cardiac evaluation, as described in Chapter 6. Paired analyses 
showed a significant decrease in diastolic function over these five years. Moreover, 
compared to the results of the first evaluation, the number of survivors with diastolic 
dysfunction had increased. When the decline in diastolic function of the current 
survivors was compared to the average decline based on age-categorized reference 
ranges, the decline among survivors was greater. Thereby, the significant increase 
of the N-terminal pro–B-type natriuretic peptide (NT-proBNP) between the two 
evaluations also indicated an increase in cardiac damage. In a multivariate linear 
regression analysis, body mass index and attained age were significantly associated 
with diastolic function, but thyroid-stimulating hormone (TSH) levels during follow-up 
were not. 

Late effects on well-being and psychosocial development
In Chapter 7, survivors of childhood DTC were compared to age- and sex-matched 
controls regarding health-related quality of life (HRQoL) and the presence of fatigue, 
anxiety, and depression. Survivors’ thyroid cancer-specific complaints were also 
evaluated. The overall well-being of survivors did not differ from their controls, except 
for a slightly higher but statistically significant rate of physical problems and mental 
fatigue. The majority of the survivors reported none or few thyroid cancer-specific 
complaints. Extensive disease and treatment and unemployment were associated with 
worse well-being.
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To evaluate whether and to what extent the course of life was influenced 
by the diagnosis and treatment of childhood DTC, in Chapter 8 we evaluated 
the achievement of psychosocial developmental milestones of these survivors. 
Their psychosocial development was compared to age- and sex-matched controls 
and to survivors of other childhood cancers. Social, autonomy, and psychosexual 
development in childhood DTC survivors and controls was similar. Compared to 
survivors of other childhood cancers, social development in childhood DTC survivors 
was better. Development of autonomy and psychosexual development were similar in 
both groups. Overall, the diagnosis and treatment of childhood DTC did not seem to 
affect psychosocial development.
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DISCUSSION
The aim of this thesis was to evaluate the clinical course and late effects of childhood 
DTC. The ultimate aim of the studies was to provide an outlook for newly diagnosed 
patients, but also to provide relevant information for patients previously treated for 
childhood DTC. Finally, we aimed to contribute knowledge for developing future 
management guidelines to optimize care for patients diagnosed with childhood DTC.

Clinical course and outcome of childhood differentiated thyroid cancer
Deaths caused by childhood DTC have been consistently low, with survival rates 
higher than 95% after decades (3, 4). This high survival rate is confirmed in  
Chapters 2 and 3. Even in children presenting with advanced disease, the survival 
of children with DTC remains excellent (Chapter 3). This is unlike in adults, were 
the presence of local or distant metastases increases the risk of thyroid cancer-related 
deaths (5). Despite the high survival rate, long-term follow-up of childhood DTC 
patients is recommended because recurrence of the disease can occur decades after 
initial treatment (6). Follow-up is also required because thyroid hormone levels must 
be regularly evaluated, as life-long substitution of levothyroxine is necessary due to 
iatrogenic hypothyroidism after a thyroidectomy. 

Because of the low mortality rate from childhood DTC, optimal treatment for these 
children involves balancing between reducing the chance of recurrent or persistent 
disease and limiting the risk of the negative consequences of treatment. 

Optimization of treatment of childhood DTC starts with adequate and timely 
diagnosis of the disease. The Dutch pediatric guidelines indicate which diagnostic 
steps are appropriate at the right level of care: rare diagnoses are treated in referral 
centers to provide more experienced and multidisciplinary treatment (7). Initial thyroid 
surgery, consisting of a total thyroidectomy for the majority of children diagnosed 
with DTC, also has to be performed in dedicated centers, as advised by the pediatric 
management guidelines of the American Thyroid Association (ATA) (8). 

Increasing evidence supports that a hemithyroidectomy may also be sufficient 
for childhood DTC patients who have a small, unifocal tumor, no extrathyroidal 
extension, and no lymph node metastases, or only a small number of lymph node 
metastases (9, 10). However, most children present with T3 or T4 tumors and 
locoregional lymph node metastases (3, 11) and require more aggressive surgery, 
as advanced disease is associated with a higher chance of recurrence or persistent 
disease (12, 13). Unfortunately, extensive surgery is correlated with the occurrence of 
more surgical complications. These occur to a lesser extent, however, when children 
are treated by high-volume surgeons (14-16). Minimizing surgical complications 
decreases long-term disease burden, such as voice problems caused by vocal cord 
paralysis. Other problems include parathyroid damage, which creates a need for daily 
medication, frequent laboratory controls, and additional clinical evaluation. Children 
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with hypoparathyroidism, for instance, are at risk of nephrocalcinosis (17). To meet 
a higher quality standard, (surgical) treatment of children with DTC in the Netherlands 
has in recent years been centralized (7), which will benefit patient outcomes (18). 
However, to optimize treatment, not only surgery but all disciplines involved with 
childhood DTC management (e.g. endocrinology, nuclear medicine, pathology, and 
radiology) require a centralized experienced multidisciplinary management team to 
offer patient-tailored advice in individual situations. 

Along with the disease burden caused by initial thyroid surgery, additional negative 
effects induced by treatment of childhood DTC may also arise. Long-term adverse 
consequences of cancer treatment are called late effects. 

Late effects of the administration of radioactive iodine
Female fertility after radioactive iodine
Chapter 4 presents an elaborate assessment of reproductive characteristics and 
ovarian reserve of female survivors of childhood DTC; the assessment showed no 
long-term impairment. 

Scarce evidence obtained from previous studies performed in survivors of 
childhood DTC presumed similar indications, but the small number of patients and 
lack of well-defined outcomes hindered drawing firm conclusions (19, 20). 

131I administration in women treated for adult DTC caused a decrease in levels of AMH 
particularly pronounced in women aged 35 years and older (21-23), but after long-term 
follow-up normal AMH levels were found (24, 25). The clinical consequences of these 
studies solely reporting on AMH levels may be limited, since the assessment of AMH 
levels does not provide a complete evaluation of all aspects of (onco)fertility. Reviews 
and large-scale studies concluded that transient disturbances of fertility may occur 
after treatment with 131I in women treated for adult DTC, but long-term fertility is not 
affected because gonadal function, the ability to conceive, birthrates, and pregnancy 
outcomes were not permanently impaired (26-29).

Two factors may explain the normal fertility in the survivors of childhood DTC: 
duration of follow-up and age at treatment. First, an increased follow-up duration may 
allow primordial follicles to develop into secondary and early antral follicles, resulting 
over time in a rise of AMH levels (30). The temporary disruption of the menstrual cycle 
seen up to one year in women treated with 131I could reflect damage to the secondary 
and early antral follicles only (26). Secondly, the larger ovarian reserve in children 
will be relatively less impacted than the smaller number of oocytes present in adult 
women, manifested by a more pronounced decrease in AMH levels in women treated 
at ages 35 and older (21, 23, 28).

The research in Chapter 4 combined with extrapolated results from studies of 
adult DTC do not indicate that long-term female fertility is impaired after treatment of 
childhood DTC. 



CHAPTER 9

212

9

Male fertility after radioactive iodine
To date, because of the small number of boys diagnosed with the disease, no studies 
have been performed to evaluate male fertility after childhood DTC. Thereby, 
earlier studies on male fertility after 131I administrations for adult DTC were limited by 
a short-term follow-up, a limited study size, and an incomplete evaluation of fertility 
parameters (31-36). Chapter 5 presents an assessment of male fertility after adult DTC 
after long-term follow-up. All males were treated with a relatively high cumulative dose 
of 131I (100 mCi or more). Semen quality, reproductive hormones, and reproductive 
characteristics were evaluated. 

The normal long-term semen quality of the majority of the participants in  
Chapter 5 may be a result of the long follow-up period in the study. Radiation may  
initially impair semen quality, but spermatogenesis continues as long as 
spermatogonial stem cells are unaffected (37). In earlier studies in adult males treated 
with 131I for DTC, initial damage and some recovery of male fertility was seen after  
131I treatment, but patients were followed up to a maximum of only 18 months after  
131I administration (31-36). Unlike female fertility, male fertility is not dependent on  
age, and spermatogenesis takes place up to the last decades of life (38). The long-term 
follow-up described in Chapter 5 may have provided time for recovery of the semen 
quality in the majority of male DTC patients. 

Next to the comparison with adult DTC survivors, an indication of the possible 
damage to fertility in boys treated for DTC can be derived from other childhood cancer 
survivors treated with radiotherapy. The radiation dose to the testes in other childhood 
cancer radiotherapies is up to 10 or 100 times higher than the testicular dose from 131I 
therapy (39-41), but even after high doses of radiotherapy, semen quality can recover 
(42). No clear radiation-induced threshold for permanent azoospermia is defined, but 
a higher dose of radiation leads to an increased recovery period. Studies in survivors of 
other childhood cancers showed that the effects of radiotherapy on gonadal tissue are 
similar in children and adults (43, 44). Compared to other (childhood) cancer patients 
receiving radiation to the testes, the damage to male fertility caused by 131I radiation is 
probably of a smaller order.

Of course, characteristics of each cancer and its treatment need to be recognized, 
since consequences for male fertility may differ. For instance, it is unknown whether 
the expression of the sodium iodine symporter (NIS) in germinal and Leydig cells 
facilitates the uptake of 131I in the testes (45). Additionally, treatment of DTC is 
accompanied by periods of hyper- and hypothyroidism which also have a transient 
negative effect on semen quality (46, 47). 

Although future studies face logistical challenges in acquiring a representative 
number of participants, research regarding male fertility after childhood DTC is 
essential for drawing ultimate conclusions. To gather an adequate sample size, (inter)
national collaboration is needed. Until then, patients should be informed about 
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the low risk of poor long-term semen quality. Since we do not know which patients 
are at risk, fertility preservation should be discussed and offered as a precaution to 
all postpubertal boys and to adults receiving doses of 131I equal to or higher than 100 
mCi. In prepubertal boys, performing testicular sperm extraction or testicular tissue 
freezing is too great an intervention for the possible minimal effect of 131I administration 
on fertility. When semen is cryopreserved, it is highly recommended that the patient 
is euthyroid upon preservation, since we found that hypothyroid patients did not 
preserve semen of optimal quality.

Short-term fertility after 131I administration
Short-term disruption of female and male fertility is observed after the administration 
of 131I. A disruption of the menstrual cycle or decrease in semen quality may transiently 
reduce the chance of conceiving. For females, the tendency in most studies is that 131I 
does not affect pregnancy outcomes or the health of children (26, 27), but a single 
study observed an increase in miscarriages the first year after 131I administration 
(48). For males, it is unknown if the increased DNA fragmentation and chromosomal 
abnormalities that are observed in spermatozoa up to one year after 131I administration 
(32, 49) have clinical consequences or impair the health of conceived children. 
However, no evidence exists that their children experience health problems (19, 50). 
Guidelines cautiously advise to avoid (conceiving) pregnancies 6 to 12 months after 
131I administration (8), but to date, there is no convincing evidence to assume that 131I 
impairs pregnancy (outcomes). Males with a short-term desire to have children may 
benefit from cryopreserving their semen. 

Salivary gland function after radioactive iodine
Salivary gland function was also evaluated in our cross-sectional nationwide study 
by performing sialometry, sialochemistry, and analysis of the completed xerostomia 
inventory. Almost half of the survivors of childhood DTC had impaired salivary gland 
function, and one in three survivors reported complaints of xerostomia (51). The extent 
of damage to the stimulated salivary secretion and the occurrence of complaints of 
xerostomia increased with a higher cumulative dose of 131I. Salivary gland dysfunction 
(SGD) can be explained by the presence of the sodium iodine symporter in the salivary 
glands, which facilitates uptake of (radioactive) iodine. In adults, salivary gland function 
also decreases after treatment with 131I (52, 53). SGD can cause a range of difficulties 
such as problems with swallowing, chewing or speaking. SGD is also associated with 
a higher risk of dental caries, halitosis, and oral candidiasis (54). Xerostomia or SGD 
can be treated (symptomatically), but prevention of SGD should be the main focus. 
Stimulation of the salivary glands during 131I treatment, such as eating sour candy or 
drinking lemon juice, has been advised to prevent SGD, but no specific studies have 
been performed to evaluate the effectiveness of these precautions in children (8). 
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Secondary primary malignancies after radioactive iodine
Children or young adults who have been treated for DTC may have a slightly higher risk 
of developing SPM (55, 56). One study found that survivors of childhood DTC who died 
predominantly died of SPM (56). 131I is also associated with a slightly higher incidence of 
SPM in survivors of adult DTC (57-59).  The SPM found in patients treated with 131I mainly 
concerns rare cancers, such as salivary gland carcinomas (55, 59). It is the question 
if this increase represents a likely threat to DTC patients (60). Moreover, it could be 
that DTC patients have a genetic predisposition for the development of cancer(s). In 
the cohort of 105 patients described in Chapter 2, three patients were diagnosed with 
a SPM. However, studies to evaluate SPM require large cohorts, emphasizing the need 
for international collaboration. 

Pulmonary fibrosis after radioactive iodine
Pulmonary fibrosis is a rare but serious side effect of 131I administration in patients 
with lung metastases (61). In Chapter 3 we described one patient who died from 
pulmonary fibrosis as a complication of 131I administration. The ATA pediatric guidelines 
advise adjusting the dose of 131I when significant (diffuse) lung uptake is present on 
the diagnostic whole-body scan in patients with lung metastases (8).

Bone marrow suppression after radioactive iodine
131I has a suppressing effect on the bone marrow (62, 63). Moreover, the concentration 
of 131I in bone metastases can also cause bone marrow toxicity. However, long-term 
bone marrow suppression after administration of 131I is rare (8). No studies have been 
performed in children with DTC to evaluate long-term bone marrow suppression 
following 131I administration. In the Dutch cohort, no long-term bone marrow 
suppression was observed (unpublished results). 

Considerations regarding 131I administration in childhood DTC
To improve the recurrence free survival of children with DTC, 131I was routinely 
administered to those having residual disease after their initial thyroid surgery (64). 
In line with this, 131I administration in addition to initial thyroid surgery is considered 
beneficial in high risk patients with (inoperable) lymph node metastases or with 
distant metastases (8). However, large-scale studies have shown conflicting results 
regarding the potential decrease in recurrences ascribed to administration of 131I (56, 
65, 66). Some studies show that recurrence rates are not changed by administration of 
131I, while others report that 131I does decrease the chance of recurrence. 

Therefore, in children with DTC who have (inoperable) local or distant metastases, 
administration of 131I is more easily justified than in patients with small initial tumors, 
no thyroid remnant after surgery, and no metastases. For the last group of patients, 
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refraining from administration of 131I can be considered (8). Further, when giving 131I, 
the size of the dose or the number of doses of 131I can be adjusted per patient. 

SGD is a late effect of 131I administration that is the most prominent. Possible 
long-term damage to fertility is not an argument for administering less, or no 131I. It 
should be discussed whether the increased risk of late effects is acceptable when 
administering (more) 131I. Whenever 131I is administered, children and their caregivers 
must be able to make an informed decision. 

Late effects of TSH suppression therapy 
Cardiac function after TSH suppression therapy
The decreased diastolic function initially found in childhood DTC survivors (2) 
further deteriorated in the five years following the initial evaluation, as shown in  
Chapter 6. The first evaluation did not identify arrhythmias or systolic function defects. 
The substantial incidence of diastolic dysfunction in this relatively young group of 
survivors with no pronounced cardiovascular risk factors requires follow-up, since 
the presence of diastolic dysfunction is associated with a higher risk of accelerated 
cardiac aging.

No explanation has yet been found for the cardiac damage in these survivors of 
childhood DTC. Diastolic dysfunction is also seen in other (childhood) cancer survivors, 
but the etiology in these patients lies within the cardiotoxic effects of chemotherapy 
or damage caused by the irradiation (67-69). The most plausible cause of the diastolic 
dysfunction in survivors of childhood DTC is the TSH suppression therapy, since TSH 
suppression therapy is strongly associated with (reversible) diastolic dysfunction in 
survivors of adult DTC (70-73): prolonged subclinical hyperthyroidism is associated 
with impaired diastolic function due to slowed myocardial relaxation (80). Survivors 
of adult DTC have an increased risk of cardiovascular disease and cardiovascular 
mortality when they are being treated with TSH suppression therapy (74). However, 
in contrast with results in survivors of adult DTC, in the first and second evaluations 
of the described survivors of childhood DTC, TSH levels were no significant predictor 
of diastolic function. This could be attributed to the limited availability of TSH 
measurements during follow-up, resulting in an incomplete representation of actual 
TSH levels and suppression in this retrospective study. The median of the available 
TSH values during the total follow-up period of 23 years was not in the suppressed 
range. Hypothetically, TSH suppression during the first years after initial treatment 
may have initiated cardiac damage. Prospective research is needed to identify if and 
when suppressed TSH levels initiate diastolic dysfunction in survivors of childhood 
DTC. Although survivors did not have a known cardiovascular disease, our findings 
seem clinically relevant seen the substantial impairment of diastolic function at this 
relatively young age. Thereby, this prospective research can also assess the possible 
effects on cardiac functioning of hypothyroidism induced during the treatment 
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of children, as hypothyroidism also effects cardiac functioning in adults (75, 76). In 
adults, it is advised to limit thyroid hormone withdrawal because of its risk of cardiac 
impairment (75). As the effects of the administration of 131I on cardiac function have 
not been well-established or evaluated, they require attention in future research (77).

It is important to assess if or when diastolic dysfunction becomes clinically relevant 
by repeating the cardiac evaluation of these survivors. Thereby, the pathophysiological 
mechanism causing the diastolic dysfunction needs to be understood. Future research 
should assess whether treatment of childhood DTC should be adjusted. Cardiac 
screening seems required, with the intensity to be determined by future research. 

Bone mineral density after TSH suppression therapy
In adult patients with DTC, TSH suppression therapy is associated with lower bone 
mineral density: exogenous subclinical hyperthyroid state induced by TSH suppression 
therapy is associated with increased bone resorption and low bone density (78). This 
effect is seen especially in postmenopausal women (79, 80). In survivors of childhood 
DTC, cross-sectional studies have shown no impairment of BMD (81, 82). However, due 
to large inter-individual differences in BMD, cross-sectional studies do not adequately 
assess individual changes in BMD. Currently, a longitudinal assessment of BMD is being 
performed in the childhood DTC cohort. 

Considerations regarding TSH suppression therapy in childhood DTC
Based on expert opinions, the ATA pediatric guidelines recommend aiming for a more 
suppressed TSH in childhood DTC patients who are considered to be at higher risk 
of recurrence (8) because in adult DTC series, a suppressed TSH was associated with 
a lower risk of recurrence (71, 83). This finding can be explained by the fact that TSH has 
a proliferative effect on the thyroid tissue. However, the actual data proving the added 
value of TSH suppression therapy in children is lacking. Therefore, it is necessary to 
evaluate its benefits, especially since this unsubstantiated therapy may cause adverse 
effects. Caregivers must be aware of the emergence of possible diastolic dysfunction 
in survivors of childhood DTC. 

Molecular landscape of childhood differentiated thyroid carcinoma
Knowledge about the molecular landscape in childhood DTC may provide additional 
tools to understand differences in characteristics between patients, although univocal 
associations between mutations and clinical characteristics were found neither 
in the study described in Chapter 3, nor previously (84-86). This might be due to 
the small sample sizes of individual studies, illustrating the need for meta-analyses or 
collaborations to obtain larger study sizes. 

Molecular targeted therapy is successfully administered in exceptional cases in 
which patients with widespread, aggressive DTC do not respond to standard treatment 
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(87-89). In the coming years, the role of this therapy will be further identified. It 
should be evaluated whether these treatments should remain applicable in patients 
with advanced disease, or whether these systemic therapies should be favored above 
standard therapy for their outcomes and late effects. 

Late effects on well-being and psychosocial development
Quality of life (QoL), levels of fatigue, and feelings of anxiety or depression are not 
impaired in adult survivors of childhood DTC. Most survivors will not be hindered 
in reaching social, autonomic, and psychosexual developmental milestones during 
their journey into adulthood. Thyroid cancer-specific complaints were evaluated and 
showed no abnormalities (Chapters 7 and 8). 

Although this generally mild course of DTC provides some leeway in treatment and 
prognosis, it does not mean all patients will experience this in a similar way. Caregivers 
of DTC patients have been found to misjudge the impact of DTC on patients’ lives (90, 
91). As physicians focus on the positive outlook of the disease, some patients have 
conflicting emotions about their own experiences, and report that they are not fully 
understood (90-92). 

Childhood DTC may not change the achievement of developmental milestones, but 
the effects on these survivors may be more subtle, as we found slightly more specific 
complaints of physical problems and mental fatigue. These results could indicate that 
childhood DTC does not greatly impact well-being in the long-term, but they could 
also mean that we are not taking into account some specific issues that arise in this 
group of survivors. The members of the focus group participating in the development 
of the thyroid cancer-specific questionnaire were all adults upon DTC diagnosis (93). 
Generally, it seems that a diagnosis of DTC at an older age has a more negative effect 
on well-being than diagnosis at a younger age (94-96). 

Thereby, although overall well-being was similar between survivors and controls, 
QoL was more variable in survivors, as they had a wider distribution toward worse 
QoL. This could indicate that a subgroup of survivors is more affected in their well-
being. Future research regarding well-being in survivors of childhood DTC should 
address relevant topics and identify those survivors most at risk of having poor QoL. 
We further elaborate on this subject in the paragraph ‘future perspectives’.

Children are not small adults
DTC in children requires a different approach than DTC in adults. A younger age 
upon DTC diagnosis is associated with more aggressive or more advanced disease 
(97, 98). Thereby, the distribution of different somatic mutations varies between 
childhood and adult DTC (99-109). Moreover, after treatment, more recurrence or 
persistent disease is seen in children, but deaths are less common (5, 56, 60, 110). Late 
effects of treatment may be caused by similar mechanisms in children and adults, 
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but consequences may differ depending on the stage of life in which the patient is 
treated. Some of the differences between children and adults in the presentation and 
clinical course might be explained by the different oncogenic drivers of adult and  
childhood DTC.

A gap exists in knowledge concerning the disease characteristics of patients 
in the transition phase from childhood to adulthood. There is no biological or 
psychological cut-off point after which a patient with DTC should be considered 
an adult. Some young adults diagnosed with DTC may have disease with the same 
characteristics as childhood DTC (i.e. advanced disease with a mild disease course and 
molecular profile in line with other childhood DTC patients), but will be treated as an 
adult. To prevent mismanagement, the recognition of patterns of disease can only be 
provided by experienced caregivers, resulting in optimal treatment 

Future perspectives
In all studies that are performed in patients with childhood DTC, achieving an adequate 
sample size is a challenge because of the rarity of the disease. Therefore, national and 
international collaborations are essential for future studies. Herein lies a challenge, 
because collaborations require that cultural, logistical or financial differences 
between physicians, hospitals or countries are overcome. Examples of (inter)national 
collaborations are the European Reference Network on Rare Endocrine Conditions, 
European Thyroid Association Taskforce for Children with Thyroid Nodules and 
Thyroid Cancer, and the North American Child and Adolescent Thyroid Consortium.

Regarding late effects after childhood DTC, the increase in diastolic dysfunction 
in this relatively young group of survivors requires attention. Longitudinal research 
is needed to evaluate the clinical significance of this finding, but should also focus on 
preventive and therapeutic interventions. It is also important to evaluate possibilities 
for preventing and managing SGD in these survivors. 

With regard to well-being, patient meetings may serve multiple purposes. First, 
gatherings can function as a place where patients are informed about various aspects 
of their rare disease. Secondly, they can (anonymously) address their thoughts 
regarding subjects for future research on late effects. Third, patient information 
meetings could also offer an opportunity for patients to meet other patients with this 
rare disease. Lastly, provision of patient information regarding current knowledge is 
crucial to ensure that patients in general understand the importance of participating 
in studies. Of course, structured focus groups to assess problems arising in patients 
and survivors of childhood DTC can also be instituted. 

Other future research should focus on optimizing treatment outcomes with 
minimal late effects. The role of 131I administration and TSH suppression therapy in 
childhood patients of all risk factor categories should be re-established, by comparing 
long-term outcomes between treatments. Prospective studies are most desirable 



SUMMARY AND GENERAL DISCUSSION

219

9

for assessing these endpoints. Shared (inter)national databases with well-defined 
definitions can overcome the sample size issues. Databases can serve prospective and 
retrospective research, where retrospective research could reveal risk factors for late 
effects of childhood DTC treatment. By adding data from (young) adult DTC patients 
to the databases, more insight can be gained into the structural differences in disease 
characteristics and outcomes between age groups.

Survivors of childhood DTC may benefit from care for late effects in specialized 
late effects outpatient clinic, as developed for other childhood cancer survivors in 
the Netherlands and many other countries. 

CONCLUSION
As most children with DTC will survive their disease, it is important to keep late effects 
in mind during treatment or follow-up. A multidisciplinary team should balance 
the disease outcome and the burden of the disease and its treatment, requiring 
individual decisions for every patient. Regarding late effects of treatment, our 
research showed that survivors of childhood DTC are at risk for diastolic dysfunction, 
requiring follow-up to assess its consequences. Although subtle or transient changes 
may occur, no overt permanent damage of male or female fertility was observed. In 
general, QoL and psychosocial development do not seem to be harmed by childhood 
DTC or its treatment. 
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NEDERLANDSE SAMENVATTING
Gedifferentieerd schildkliercarcinoom bij kinderen
Schildkliercarcinoom bij kinderen is een zeldzame aandoening, waarbij meer dan 90% 
van de patiënten een papillaire of folliculaire variant van deze ziekte heeft (1). Deze twee 
varianten van schildkliercarcinoom worden gedifferentieerd schildkliercarcinoom 
(DTC) genoemd. De ziekte komt overwegend voor bij het vrouwelijke geslacht. 
De incidentie van DTC op de kinderleeftijd neemt toe, waarbij een deel van deze 
stijging kan worden verklaard door een stijging in het aantal toevalsbevindingen (2, 3). 

De meeste kinderen met DTC presenteren zich met een asymptomatische 
schildkliernodus of met een solitaire massa in de nek (4). In uitzonderlijke gevallen 
ontstaat er dyspneu, stemproblematiek of een verstikkingsgevoel door de tumor. Het 
weefsel in de nodus of massa kan worden onderzocht door middel van een dunne-
naald biopt. De kans dat het weefsel van maligne origine is, wordt ingeschat aan 
de hand van het Bethesda-classificatiesysteem (5). 

Wanneer er uit de Bethesda-classificatie blijkt dat er een grote kans is op een 
maligniteit, wordt er bij kinderen in de meerderheid van de gevallen een totale 
thyreoidectomie uitgevoerd (6, 7). Indien er ook bewijs is van of een sterke 
verdenking op lokale lymfekliermetastasen, wordt er tevens een halsklierdissectie 
uitgevoerd. Na de chirurgische ingreep, kan de vervolgbehandeling bestaan uit het 
toedienen van radioactief jodium (131I). 131I vernietigt schildklierweefsel, waardoor 
het onder andere wordt gebruikt om resterend schildklier(tumor)weefsel, kleine 
inoperabele lymfekliermetastasen of metastasen op afstand te behandelen (8, 
9). Na een (totale) thyreoidectomie is levenslange suppletie met levothyroxine 
noodzakelijk. Omdat het thyreoïdstimulerend hormoon (TSH) een proliferatief 
effect heeft op schildklierweefsel, geeft men na de totale thyreoidectomie een TSH-
suppressieve dosis levothyroxine. Hierdoor wordt de ontwikkeling van (maligne)  
schildklierweefsel gelimiteerd.

De overleving van patiënten met DTC op de kinderleeftijd is uitstekend: 99% van 
de kinderen is 30 jaar na hun initiële diagnose nog in leven (10, 11). Ondanks deze 
goede overleving krijgt 10 tot 30% van de kinderen een recidief van hun ziekte. In 
sommige gevallen is er sprake van persisterende ziekte, waarbij de tumor(marker) 
aantoonbaar blijft (12, 13).

Doordat veel kinderen met DTC hun ziekte overleven, is er in toenemende mate 
aandacht voor langetermijneffecten van DTC. De zeldzame aard van DTC bij kinderen 
zorgt er voor dat er weinig wetenschappelijk onderzoek wordt gedaan naar deze 
ziekte. Veel aspecten van de behandeling van kinderen met DTC zijn gebaseerd op 
resultaten die zijn verkregen bij patiënten die op de volwassen leeftijd DTC kregen.
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Het klinische beloop van gedifferentieerd schildkliercarcinoom bij 
kinderen 
Hoofdstuk 1 betreft een algemene introductie op dit proefschrift en een beschrijving 
van de onderzoeksdoelen van dit proefschrift. Het doel van dit proefschrift is het 
in kaart brengen van het klinische beloop en de uitkomsten van DTC bij kinderen. 
Daarnaast richten de onderzoeken zich op diverse langetermijneffecten van de ziekte 
en de behandeling. 

Het klinische beloop en de uitkomsten van kinderen met DTC in Nederland 
worden besproken in Hoofdstuk 2. De overleving in dit Nederlandse cohort was 
100% na een mediane periode van 14 jaar na diagnose. Uit de medische dossiers 
van 105 deelnemers bleek dat er bij één op de drie patiënten sprake was van een 
chirurgische complicatie met permanente schade (bv. hypoparathyreoïdie of nervus 
recurrens letsel). De meeste patiënten kwamen in remissie, 9% van de patiënten had 
persisterende ziekte en bij 8% was er sprake van een recidief van de ziekte. Kinderen 
die zich presenteerden met gevorderde ziekte en kinderen met persisterende ziekte 
werden intensiever behandeld.

Een klein deel van de kinderen met DTC ontwikkelt metastasen op afstand, waarbij 
longmetastasen het meest frequent voorkomen. Onderzoeken die deze specifieke 
groep patiënten evalueren, worden vaak beperkt door het kleine aantal patiënten in 
hun onderzoeksgroep. Hoofdstuk 3 beschrijft de resultaten van een samenwerking 
met het MD Anderson Cancer Center in de Verenigde Staten, waarbij we het klinische 
beloop en de somatische mutaties van 148 kinderen met DTC en afstandsmetastasen 
in kaart brachten. Uit dit onderzoek bleek dat een aanzienlijk deel van de kinderen 
met metastasen op afstand persisterende ziekte houdt na hun initiële behandeling. 
Ziekte-gerelateerde sterfte trad echter zelden op. In uitzonderlijke gevallen werden 
kinderen behandeld met systemische therapie. Deze systemische therapie grijpt 
in op de biologische effecten van de gevonden somatische mutatie. Bij de meeste 
patiënten met een bewezen somatische mutatie was er sprake van een fusie in het RET 
proto-oncogen. In mindere mate werden NTRK fusies of BRAF mutaties gevonden. We 
vonden geen duidelijke associaties tussen de verschillende somatische mutaties en 
de ziektekarakteristieken.

Langetermijneffecten van de behandeling met radioactief jodium
De behandeling met 131I veroorzaakt soms een tijdelijke verstoring van de vrouwelijke 
fertiliteit. Het onderzoek dat wordt beschreven in Hoofdstuk 4 beoordeelde 
vruchtbaarheid van 56 vrouwen uit het Nederlandse cohort op de lange termijn. 
De evaluatie bestond uit een vragenlijst over fertiliteit en bepalingen van het anti-
Müller-hormoon (AMH, een maat voor ovariële reserve), luteïniserend hormoon (LH), 
follikelstimulerend hormoon (FSH) en oestradiol (E2). AMH niveaus van deelnemers 
werden uitgezet tegen een vergelijkingsgroep bestaande uit vrouwen die niet waren 



APPENDICES

231

10

behandeld voor kanker. Uit de resultaten bleek dat er geen permanente schade van 
fertiliteit optrad bij deze vrouwen die op de kinderleeftijd waren behandeld voor DTC. 

Omdat er weinig jongens worden gediagnosticeerd met DTC, kozen we er voor 
om mannelijke fertiliteit na de behandeling met 131I te onderzoeken bij patiënten die 
op de volwassen leeftijd waren behandeld (Hoofdstuk 5). Op deze manier konden 
we een representatieve groep deelnemers includeren. We onderzochten mannen die 
minimaal twee jaar geleden hun laatste behandeling met 131I hadden gehad. Daarnaast 
moesten ze zijn behandeld met een minimale cumulatieve dosis van 100 mCi. 
Deelname bestond uit een semenanalyse, het meten van LH, FSH en testosteron en 
een fertiliteitsgeoriënteerde vragenlijst. De kwaliteit van het semen van deelnemers 
werd vergeleken met referentiewaarden van een algemene populatie, gepubliceerd 
door de Wereldgezondheidsorganisatie (14). De semenkwaliteit van het 5e, 10e en 
25ste percentiel van deze algemene populatie werd gebruikt als afkappunt. Het aantal 
deelnemers met een semenkwaliteit die lager lag dan het afkappunt gebaseerd op 
het 5e percentiel, was klinisch en statistisch significant groter dan de vijf procent in 
de algemene populatie. Vergeleken met de twee andere afkappunten was de proportie 
deelnemers met een lage semenkwaliteit gelijk aan het aantal mannen met een 
lage semenkwaliteit in de algemene populatie. De antwoorden op de vragenlijst 
over vruchtbaarheid en de hormoonwaarden lieten geen klinisch relevante  
afwijkingen zien. 

De kans is klein dat mannen die zijn behandeld met 131I voor DTC op lange termijn 
een verminderde semenkwaliteit hebben. Omdat we echter niet weten welke mannen 
een verhoogd risico hebben op een lage semenkwaliteit, verdient het de voorkeur om 
semenpreservatie te bespreken en aan te bieden aan alle mannen die een dosis van 
100 mCi of meer toegediend zullen krijgen.

Langetermijneffecten van TSH suppressie therapie
Vijf jaar geleden werd de cardiale functie van het Nederlandse cohort voor het eerst 
onderzocht. Een op de vijf deelnemers bleek diastolische dysfunctie te hebben 
(15). De systolische functie was niet aangedaan. Daarnaast werd er bij geen van 
de deelnemers atriumfibrilleren geobserveerd. 

Omdat diastolische dysfunctie is geassocieerd met een versnelde cardiale 
veroudering, wilden we het klinische beloop van deze bevinding vervolgen middels 
een vijfjarig vervolgonderzoek. De resultaten van deze studie worden besproken in 
Hoofdstuk 6. Gepaarde analyses lieten zien dat de initiële diastolische dysfunctie verder 
toenam. Een significante stijging in het N-terminal pro-B-type natriureticpeptide 
ondersteunde de bevinding dat er hartschade optrad. Mogelijk wordt deze cardiale 
schade bij patiënten die op de kinderleeftijd zijn behandeld voor DTC in de toekomst 
klinisch relevant. De bevinding vereist een vervolg in de toekomst, waarbij cardiale 
screening van kinderen mogelijk van toepassing is.
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Langetermijneffecten op kwaliteit van leven en psychosociale 
ontwikkeling
In Hoofdstuk 7 beschrijven we een studie waarin we gezondheidsgerelateerde 
kwaliteit van leven, vermoeidheid, angst, depressie, en schildklierkanker specifieke 
klachten onderzochten bij volwassenen die op de kinderleeftijd waren behandeld voor 
DTC. De deelnemers werden vergeleken met controlepersonen die waren gematcht 
op leeftijd en geslacht. Het welzijn van de deelnemers was over het algemeen gelijk 
aan dat van de controlepersonen. Deelnemers rapporteerden net iets vaker fysieke 
problemen of mentale vermoeidheid. 

De resultaten in Hoofdstuk 8 beschrijven het behalen van psychosociale 
ontwikkelingsmijlpalen van deze kinderen. In vergelijking met controlepersonen 
van een vergelijkbare leeftijd en hetzelfde geslacht, waren de ontwikkeling op het 
gebied van autonomie, de sociale ontwikkeling en de psychoseksuele ontwikkeling 
vergelijkbaar. In vergelijking met patiënten die voor een andere soort kinderkanker 
waren behandeld, bleek dat de sociale ontwikkeling bij kinderen met DTC beter was. 
Ontwikkeling van autonomie en psychoseksuele ontwikkeling waren vergelijkbaar in 
beide groepen patiënten. We concludeerden dat de diagnose en behandeling van DTC 
bij kinderen hun psychosociale levensloop niet beïnvloedt.

Over het algemeen lijken het welzijn en de psychosociale ontwikkeling van 
kinderen met DTC niet te zijn aangedaan. Omdat dit de eerste onderzoeken zijn die 
deze uitkomsten in kaart brachten, verdient het de voorkeur om deze resultaten 
te bevestigen in toekomstig onderzoek.



APPENDICES

233

10

REFERENTIES
1. NKR Cijfers [Internet]. Integraal Kankercentrum Nederland. 2020 [cited April 2020]. Available from:  

https://www.iknl.nl/nkr-cijfers.

2. Siegel DA, King J, Tai E, Buchanan N, Ajani UA, Li J. Cancer incidence rates and trends among children and 

adolescents in the United States, 2001-2009. Pediatrics. 2014;134(4):945.

3. Steliarova-Foucher E, Stiller CA, Pukkala E, Lacour B, Plesko I, Parkin DM. Thyroid cancer incidence and survival 

among European children and adolescents (1978-1997): report from the Automated Childhood Cancer Information 

System project. Eur J Cancer. 2006;42(13):2150-2169.

4. Rivkees SA, Mazzaferri EL, Verburg FA, Reiners C, Luster M, Breuer CK, Dinauer CA, Udelsman R. The treatment of 

differentiated thyroid cancer in children: emphasis on surgical approach and radioactive iodine therapy. Endocr 

Rev. 2011;32(6):798-826.

5. Cibas ES, Ali SZ. The 2017 Bethesda System for reporting thyroid cytopathology. Thyroid. 2017;27(11):1341-1346.

6. Francis GL, Waguespack SG, Bauer AJ, Angelos P, Benvenga S, Cerutti JM, Dinauer CA, Hamilton J, Hay ID, 

Luster M, Parisi MT, Rachmiel M, Thompson GB, Yamashita S, American Thyroid Association Guidelines 

Task Force. Management Guidelines for Children with Thyroid Nodules and Differentiated Thyroid Cancer.  

Thyroid. 2015;25(7):716-759.

7. Lebbink CA, Dekker BL, Bocca G, Braat AJ, Derikx JP, Dierselhuis MP, de Keizer B, Kruijff S, Kwast AB, van Nederveen 

FH, Nieveen van Dijkum E, Nievelstein RA, Peeters RP, Terwisscha van Scheltinga CE, Tissing WJ, van der Tuin K, Vriens 

MR, Zsiros J, van Trotsenburg AS, Links TP, van Santen HM. New national recommendations for the treatment of 

pediatric differentiated thyroid carcinoma in the Netherlands. Eur J Endocrinol. 2020;183(4):P11-P18.

8. Jarzab B, Handkiewicz-Junak D, Wloch J. Juvenile differentiated thyroid carcinoma and the role of radioiodine in 

its treatment: a qualitative review. Endocr Relat Cancer. 2005;12(4):773-803.

9. Chow SM, Law SC, Mendenhall WM, Au SK, Yau S, Mang O, Lau WH. Differentiated thyroid carcinoma in childhood 

and adolescence-clinical course and role of radioiodine. Pediatr Blood Cancer. 2004;42(2):176-183.

10. Hogan AR, Zhuge Y, Perez EA, Koniaris LG, Lew JI, Sola JE. Pediatric thyroid carcinoma: incidence and outcomes in 

1753 patients. J Surg Res. 2009;156(1):167-172.

11. Hay ID, Johnson TR, Kaggal S, Reinalda MS, Iniguez-Ariza NM, Grant CS, Pittock ST, Thompson GB. Papillary 

thyroid carcinoma (PTC) in Children and Adults: comparison of initial presentation and long-term postoperative 

outcome in 4432 patients consecutively treated at the Mayo Clinic during eight decades (1936-2015). World J  

Surg. 2018;42(2):329-342.

12. Russo M, Malandrino P, Moleti M, Vermiglio F, D’Angelo A, La Rosa G, Sapuppo G, Calaciura F, Regalbuto C, Belfiore 

A, Vigneri R, Pellegriti G. Differentiated thyroid cancer in children: Heterogeneity of predictive risk factors. Pediatr 

Blood Cancer. 2018;65(9):e27226.

13. Verburg FA, de Keizer B, Lam MGEH, de Klerk JMH, Lips CJM, Borel-rinkes IHM, van Isselt JW. Persistent Disease 

in Patients with Papillary Thyroid Carcinoma and Lymph Node Metastases After Surgery and Iodine-131 Ablation. 

World J Surg. 2007;31(12):2309-2314.

14. Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HW, Behre HM, Haugen TB, Kruger T, Wang C, Mbizvo 

MT, Vogelsong KM. World Health Organization reference values for human semen characteristics. Hum Reprod 

Update. 2010;16(3):231-245.

15. Klein Hesselink MS, Bocca G, Hummel YM, Brouwers AH, Burgerhof JGM, van Dam EWCM, Gietema JA, Havekes 

B, van den Heuvel-Eibrink MM, Corssmit EPM, Kremer LCM, Netea-Maier RT, van der Pal HJH, Peeters RP, Plukker 

JTM, Ronckers CM, van Santen HM, van der Meer P, Links TP, Tissing WJE. Diastolic dysfunction is common in 

survivors of pediatric differentiated thyroid carcinoma. Thyroid. 2017;27(12):1481-1489.





APPENDICES

235

10

NEDERLANDSE SAMENVATTING VOOR LEKEN
De schildklier
De schildklier bevindt zich in de hals, voor de luchtpijp. De schildklier is een orgaan 
dat hormonen maakt. De hormonen die de schildklier worden gemaakt zijn belangrijk 
voor de stofwisseling van het lichaam. Schildklierhormonen zijn ook van belang voor 
de groei van nieuwe cellen.

Schildklierkanker
Er zijn verschillende soorten kanker van de schildklier. Meer dan 90% van 
de schildklierkankerpatiënten heeft gedifferentieerde schildklierkanker. Deze vorm 
van schildklierkanker is meestal niet agressief. Bij kinderen is deze ziekte heel zeldzaam. 
In 2019 kregen ongeveer 15 kinderen in Nederland deze diagnose. Bij volwassenen 
werd deze diagnose in dit jaar bij meer dan 750 patiënten gesteld. De ziekte komt 
vaker voor bij vrouwen dan bij mannen. Dit proefschrift gaat over de gedifferentieerde 
vorm van schildlierkanker, en zal verder “schildklierkanker” worden genoemd.

Schildklierkanker bij kinderen wordt meestal ontdekt doordat het kind een 
bult in de nek heeft. Vaak heeft het kind hier geen last van. Deze bult wordt ook 
wel een tumor genoemd. Met een naald kunnen er cellen uit deze tumor worden 
gehaald. Een patholoog bekijkt deze cellen onder de microscoop onderzoekt of dit 
schildklierkankercellen zijn. 

Als er schildklierkankercellen worden gevonden, wordt er een operatie uitgevoerd. 
Meestal wordt de hele schildklier verwijderd. Als de kanker zich heeft verspreid 
naar de lymfeklieren in de hals, worden deze ook tijdens de operatie verwijderd. Na 
de operatie wordt de patiënt meestal behandeld met radioactief jodium. Radioactief 
jodium vernietigt achtergebleven schildklier(kanker)weefsel of uitzaaiingen. Als 
de hele schildklier is verwijderd, moet deze persoon levenslang tabletten met 
schildklierhormoon slikken. Door een net iets te hoge dosis schildklierhormoon 
te geven, wordt de groei van schildkliercellen onderdrukt. Dit voorkomt ook 
dat achtergebleven schildklierkankercellen groeien. Deze behandeling wordt 
onderdrukkingstherapie genoemd (schildklier stimulerend hormoon-suppressie 
therapie). 

De overlevingskans van patiënten met schildklierkanker op de kinderleeftijd is heel 
goed: 99% van de kinderen is 30 jaar na hun diagnose in leven. Ondanks deze goede 
overleving komt de ziekte bij 10 tot 30% van de kinderen terug. In sommige gevallen 
blijft de ziekte aantoonbaar in het lichaam, dit wordt blijvende ziekte genoemd.

Doordat de meeste kinderen met schildklierkanker hun ziekte overleven, is 
er steeds meer aandacht voor de langetermijneffecten van schildklierkanker. 
Langetermijneffecten zijn nadelige gevolgen van een ziekte of de behandeling ervan. 
Omdat schildklierkanker bij kinderen zeldzaam is, is er tot nu toe weinig wetenschappelijk 
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onderzoek gedaan naar deze ziekte en is er over de langetermijneffecten niet  
veel bekend. 

Dit proefschrift 
Het verloop van schildklierkanker bij kinderen 
Hoofdstuk 1 beschrijft het doel van dit proefschrift. Met dit proefschrift willen we in 
kaart brengen hoe het met kinderen na hun diagnose met schildklierkanker gaat. We 
onderzoeken het verloop van de ziekte, de overleving en de langetermijneffecten van 
de ziekte. 

Het verloop van de ziekte en de overleving van kinderen met schildklierkanker 
in Nederland worden beschreven in Hoofdstuk 2. Geen van de 170 patiënten met 
de diagnose schildklierkanker op de kinderleeftijd was na een periode van 14 jaar 
overleden aan deze kanker. Na uitgebreid onderzoek van medische dossiers van 105 
deelnemers bleek dat er bij één op de drie patiënten sprake was van een complicatie 
door de operatie met blijvende schade. Het grootste deel van deze 105 patiënten was 
genezen na hun behandeling. Negen procent van de patiënten had blijvende ziekte en 
bij acht procent van de kinderen kwam de kanker terug. Kinderen met uitzaaiingen of 
agressievere ziekte kregen meer behandelingen of werden uitgebreider behandeld. 
Zo werden ze bijvoorbeeld behandeld met een hogere dosis radioactief jodium. 

Bij een klein deel van de kinderen met schildklierkanker zaait de kanker uit naar 
ander deel van het lichaam (uitzaaiingen op afstand). Uitzaaiingen naar de longen 
komen het meeste voor. Hoofdstuk 3 beschrijft de resultaten van een samenwerking 
met het MD Anderson Cancer Center in de Verenigde Staten. We onderzochten 148 
kinderen met schildklierkanker en uitzaaiingen op afstand. Het onderzoek bekeek het 
verloop van de ziekte en de aanwezigheid van veranderingen in het erfelijk materiaal 
van de schildkliertumor (somatische mutaties). Bij de onderzochte kinderen kwam 
sterfte door schildklierkanker bijna niet voor. Dit is opvallend, omdat een groot deel 
van de kinderen met uitzaaiingen op afstand na de behandeling niet geneest, maar 
blijvende ziekte houdt. Bij kinderen worden er andere veranderingen in het erfelijk 
materiaal van de schildkliertumor gevonden dan bij volwassenen.

Langetermijneffecten van de behandeling met radioactief jodium
Vrouwelijke vruchtbaarheid
De behandeling met radioactief jodium veroorzaakt soms tijdelijke verstoring van 
de vrouwelijke of mannelijke vruchtbaarheid. Het onderzoek dat wordt beschreven 
in Hoofdstuk 4 bestudeerde de vruchtbaarheid van 56 vrouwen uit de Nederlandse 
onderzoeksgroep uit hoofdstuk 2 op de lange termijn. Het onderzoek bestond onder 
andere uit het meten van een vruchtbaarheidshormoon, het anti-Müller-hormoon 
(AMH). Dit hormoon geeft een schatting van het aantal eicellen bij de vrouw. Hoe 
hoger het niveau van dit hormoon, hoe groter de eicelvoorraad bij deze vrouw. 
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Het niveau van het vruchtbaarheidshormoon bij de patiënten die op kinderleeftijd 
behandeld waren voor schildklierkanker verschilde niet van het niveau van dit 
hormoon bij gezonde vrouwen. 

Het onderzoek bestond daarnaast uit een vragenlijst over vruchtbaarheid. We 
vroegen de vrouwen bijvoorbeeld of het lukte om zwanger te worden en of hun 
geboren kinderen gezond waren. Ook uit de antwoorden op de vragenlijst bleek dat 
hun vruchtbaarheid op lange termijn normaal was.

Mannelijke vruchtbaarheid
Omdat er weinig jongens op de kinderleeftijd schildklierkanker krijgen, hebben we 
vruchtbaarheid na schildklierkanker onderzocht bij patiënten die op de volwassen 
leeftijd waren behandeld (Hoofdstuk 5). Op deze manier kon er een grotere groep 
deelnemers meedoen. 

We onderzochten mannen die minimaal twee jaar geleden hun laatste behandeling 
met radioactief jodium kregen. Daarnaast waren ze behandeld met een hoge dosis 
radioactief jodium.

Deelname bestond uit een spermaonderzoek, het meten van hormonen in 
het bloed en een vragenlijst over vruchtbaarheid. De kwaliteit van het sperma van 
de deelnemers werd vergeleken met de spermakwaliteit van de algemene bevolking. 
We onderzochten of een lage spermakwaliteit vaker voorkwam bij patiënten die waren 
behandeld voor schildklierkanker dan in de algemene bevolking. We vergeleken 
de spermakwaliteit van de patiënten met de spermakwaliteit van de laagste 5, 10 en 25 
procent in de algemene bevolking. 

Er waren meer patiënten met schildklierkanker met een slechte spermakwaliteit 
in deze laagste 5-procent groep, dan in de algemene bevolking. Vergeleken met 
de laagste 10 en 25 procent, was de spermakwaliteit van patiënten gelijk aan 
de spermakwaliteit in de algemene bevolking. De antwoorden op de vragenlijst 
over vruchtbaarheid (bijvoorbeeld de verwekte zwangerschappen en de afloop van 
de zwangerschappen) en de hormoonwaarden lieten geen belangrijke schade aan 
de mannelijke vruchtbaarheid zien. 

De kans is klein dat mannen die zijn behandeld met radioactief jodium voor 
schildklierkanker op lange termijn een slechte spermakwaliteit hebben. We weten 
alleen niet welke mannen op lange termijn te maken krijgen met een slechte 
spermakwaliteit. We adviseren daarom dat het invriezen (cryopreserveren) van 
sperma moet worden besproken met elke man die wordt behandeld met een hoge 
dosis radioactief jodium. Per patiënt kan er besloten worden om het sperma wel of 
niet in te vriezen.
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Langetermijneffecten van een hoge dosis schildklierhormoon
Hartfunctie
Vijf jaar geleden werd de hartfunctie van de onderzoeksgroep voor het eerst 
onderzocht. Eén op de vijf deelnemers had een vorm van hartschade waarbij 
de hartspier zich niet (meer) goed ontspant (diastolische dysfunctie). Een hart dat 
minder goed ontspant, kan zich minder goed vullen met bloed. De uitpompfunctie 
van het hart (systolische functie) was niet beschadigd. Ritmestoornissen van het hart 
kwamen niet voor bij de deelnemers. Van patiënten die op de volwassen leeftijd zijn 
behandeld voor schildklierkanker weten we dat een verminderde ontspanningsfunctie 
kan worden veroorzaakt door een hoge dosis schildklierhormoon.

Omdat een verminderde ontspanningsfunctie is gekoppeld aan een versnelde 
veroudering van het hart, onderzochten we de hartfunctie van deze deelnemers na 
vijf jaar nog een keer. Deze resultaten worden besproken in Hoofdstuk 6. 

De ontspanningsfunctie van het hart nam in deze vijf jaar verder af. Er ontstond dus 
meer hartschade. Het meten van een eiwit in het bloed dat wordt gemaakt door het 
hart, bevestigde dat er hartschade ontstond. 

Op dit moment is de hartschade nog zo minimaal dat de patiënt hier niets van merkt. 
We weten alleen niet of deze hartschade bij de schildklierkankerpatiënten toeneemt, 
of zij in de toekomst klachten krijgen of ziek worden. Dit willen we onderzoeken door 
het onderzoek over een paar jaar nog een keer te herhalen.

Langetermijneffecten op kwaliteit van leven en psychosociale ontwikkeling
Kwaliteit van leven
In Hoofdstuk 7 beschrijven we een studie waarin we de kwaliteit van leven, 
vermoeidheid, angst, depressie, en schildklierkanker specifieke klachten onderzochten 
bij volwassenen die op de kinderleeftijd waren behandeld voor schildklierkanker. 
De antwoorden van de deelnemers werden vergeleken met de antwoorden van 
controlepersonen met een vergelijkbare leeftijd en hetzelfde geslacht. Het welzijn 
van de deelnemers was over het algemeen hetzelfde in beide groepen. Patiënten 
met schildklierkanker antwoordden net iets vaker dat zij lichamelijke problemen of 
geestelijke vermoeidheid hadden. 

Psychosociale ontwikkeling
De resultaten in Hoofdstuk 8 beschrijven het behalen van ontwikkelingsmijlpalen 
van dezelfde groep patiënten die op de kinderleeftijd schildklierkanker heeft gehad. 
Vergeleken met de controlepersonen waren de ontwikkeling op het gebied van 
zelfstandigheid (autonomie), sociale ontwikkeling en psychoseksuele ontwikkeling 
hetzelfde. In vergelijking met patiënten die voor een andere soort kinderkanker 
waren behandeld, was de sociale ontwikkeling bij kinderen met schildklierkanker 
beter. De ontwikkeling van zelfstandigheid en psychoseksuele ontwikkeling waren 
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hetzelfde in beide groepen patiënten. Uit dit onderzoek blijkt dat de diagnose en 
behandeling van schildklierkanker bij kinderen hun ontwikkeling op deze gebieden 
niet beschadigd.

Over het algemeen lijken het welzijn en de psychosociale ontwikkeling van 
kinderen met schildklierkanker normaal. Omdat dit de eerste onderzoeken zijn over 
dit onderwerp, willen we dit verder onderzoeken in de toekomst.
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