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Differentiated thyroid carcinoma
Thyroid cancer is the most common endocrine malignancy and consists of 
differentiated and undifferentiated histological subtypes: papillary (PTC), follicular 
(FTC), medullary (MTC), poorly differentiated (PDTC), and anaplastic thyroid 
carcinomas (ATC).1,2 Differentiated thyroid carcinoma (DTC) is the most common 
form. In 2020 in the Netherlands, approximately 700 adult patients were diagnosed 
with DTC.3 Although, thyroid cancer affects all age groups, the incidence from the 
3rd to 5th life decades is the highest, with women more frequently diagnosed.3-5 The 
incidence of pediatric thyroid cancer in the Netherlands is approximately 10 to 15 
children per year; prepubertal incidence rates are similar between boys and girls, 
but after puberty adolescent females are most commonly diagnosed.6 The incidence 
of thyroid cancer, especially of PTC, is increasing worldwide, mainly as a result of 
overdiagnosis of asymptomatic accidentally found PTC due to improved diagnostic 
procedures.5,7-11

PTC and FTC develop from thyroid follicular epithelial cells, thereby preserving 
the specific characteristics of these cells, e.g., iodine uptake and secretion of 
thyroglobulin (Tg), features on which treatment (radioactive iodine (131I) therapy) 
and disease monitoring are based.12,13 PTC is more frequently diagnosed than FTC, 
and spreads early and frequently to the regional lymph nodes. FTC metastasizes 
predominately to the lung and bones; its lymphatic spread is less frequent than in 
PTC. DTC is asymptomatic for a long period and usually presents with a palpable 
thyroid nodule.14 Compared to adults, children often present with advanced 
disease involving multifocality, regional lymph node involvement, and distant 
metastases.6,15,16 The prognosis of both childhood and adult DTC is excellent.12,13,17-19 

However, with distant metastases, survival rates for adults are lower than for 
pediatric DTC patients.20-24

Differentiated thyroid carcinoma guidelines
For the adult DTC population, several (inter) national DTC guidelines have been 
published. In the Netherlands, the first guideline for differentiated (non-medullary) 
thyroid carcinoma was published in 2007 and revised in 2014.25 The most recent DTC 
guideline of the American Thyroid Association (ATA) dates from 2015.26 Furthermore, 
the British and the European Thyroid Associations (BTA and ETA, respectively), 
and the European Association of Nuclear Medicine (EANM) have also published 
recommendations for DTC treatment and follow-up.27-29

In the past, pediatric DTC patients were treated predominately according 
to the principles in adult DTC guidelines. However, in 2015, increasing knowledge 
of the differences between pediatric and adult DTC led the ATA to publish their 
first guideline for pediatric patients, providing helpful treatment and follow-
up recommendations.30 Nevertheless, a need remains for specific European 
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and national guidelines, suitably adapted to the logistical, cultural and financial 
differences that exist between countries.

Initial treatment
During recent decades, the treatment of DTC has changed due to increased 
knowledge regarding its biological behavior, and to improved diagnostic and 
treatment options, with individual treatment plans made by multidisciplinary 
consultation teams.25,26,31 In the past, the initial DTC procedure generally consisted of 
a (near) total thyroidectomy, with additional lymph node dissection when indicated. 

Nowadays, since most DTC patients have a low risk of recurrence (low-risk disease), 
less aggressive treatment can be advocated, including less extensive surgical 
treatment and lower doses of 131I, or even no 131I therapy.

The primary goal of 131I therapy is to destroy residual thyroid (cancer) tissue. To 
improve the treatment outcome, patients are (1) withdrawn from thyroid hormone 
(THW), or receive recombinant human (rh) thyroid-stimulating hormone (TSH) to 
increase TSH levels, and (2) have to follow a low iodine diet (LID) prior to 131I therapy. 
In general, it has been assumed that a TSH level of >30 mIU/L in preparation for 131I 
therapy, increases sodium-iodine symporter (NIS) expression, thereby augmenting 
the effect of the therapy.26,32 One week after 131I therapy, a post therapeutic scan is 
performed to detect if 131I uptake is present in the original thyroid region (remnant) 
or outside this region, as in the lymph nodes.

After 131I therapy, thyroid hormone replacement therapy is initiated to 
correct hypothyroidism. Moreover, thyroid hormone in a supraphysiological dosage 
suppresses TSH, thereby preventing growth of any remaining neoplastic tissue.25,26 

Six to 12 months after initial treatment, the success of the ablation is evaluated 
and subsequent therapy or regular follow-up is initiated, according to the risk of 
recurrence (low- or high-risk DTC patients).

Low iodine diet and determination of the iodine status in clinical practice
Before 131I therapy, patients have to follow a LID. The objective of this LID is to 
deplete the overall storage of iodine in the body, thereby supposedly increasing 
NIS expression and optimizing the uptake of 131I.33-36 Several (retrospective) studies 
have evaluated the effect of the LID on ablation success, but with conflicting results, 
and at this moment no randomized prospective trials are being performed. Based 
on available literature, guidelines still advise following a LID before 131I therapy, 
although the lack of consensus in these guidelines regarding the duration and 
stringency of the LID leads to different recommendations (Table 1).25-29

1
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Table 1. Recommended duration and stringency of the low iodine diet before 131I therapy 
according to different guidelines

Guideline Duration of low 
iodine diet

Stringency

Dutch DTC guideline25 7-14 days <50 mcg/day

American Thyroid Association (ATA)26 7-14 days <50 mcg/day

British Thyroid Association (BTA)27 7-14 days -

European Thyroid Association (ETA)28 21 days -

European Association of Nuclear Medicine (EANM)29 7-14 days <50 mcg/day

After following a LID, most guidelines, except for the EANM, do not 
recommend establishing iodine depletion (i.e., compliance) by evaluating the 24-h 
urine iodine excretion (24-h UIE). The collection of 24-h urine can be experienced 
as time-consuming and unsanitary.37 A practical and quick method to determine 
the iodine status would, however, be most helpful for DTC patients who have been 
recently exposed to high amounts of iodine (e.g., iodinated contrast), resulting in 
a high iodine status. In these patients, timing the start of 131I therapy can be very 
challenging because the iodine wash-out period, the period after the iodine body 
pool has decreased sufficiently for 131I therapy, is unknown.38-41

Follow-up
After initial treatment, follow-up of DTC patients is focused on detection of a possible 
recurrence.12,26 Follow-up of DTC patients consists of clinical evaluation and neck 
palpation, cervical ultrasonography (with FNAC, if indicated), measurement of Tg, 
and additional imaging on indication.25 Long-term follow-up has been advocated, 
since recurrences have been described even several decades after initial therapy.42 
However, follow-up of low-risk DTC patients can be concluded after five years, as 
after this period the rates of recurrence in this group are low.43,44

Thyroglobulin and thyroglobulin autoantibodies
The measurement of tumor marker Tg plays a central role during long-term 
follow-up. It has a high specificity because Tg is synthesized only by thyroid tissue 
(benign and malignant differentiated thyroid tissue). Tg is a large glycoprotein of 
660 kDa, which functions as matrix for the production of thyroid hormones.45-48 
The Tg concentration measured during laboratory examination is influenced by 
several physiological and analytical factors. Physiological factors are the amount of 
remaining thyroid (tumor) tissue, the degree of differentiation of thyroid cancer cells, 
the TSH level, whether it is measured with or without thyroid hormone substitution 
(Tg-on and Tg-off, respectively), and finally, if measured before 131I therapy, the 
method of TSH stimulation (THW or administration of rhTSH).45,46
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Tg determination is the cornerstone of follow-up, an indicator of potential 
persistent or recurrent disease; therefore, highly accurate Tg assays are essential. 
Nowadays, radioimmunoassays and immunoradiometric assays are most widely 
used for Tg measurement. However, these Tg methods can be subject to interference 
by substances in human serum and plasma (factors like heterophilic antibodies 
(HABs), Human anti-mouse antibodies (HAMAs), and autoantibodies against Tg 
(TgAbs)).47,49,50 These substances (analytical factors) influence the final Tg result.

TgAbs are reported in both the healthy population and in patients with thyroid 
diseases (e.g., DTC, Hashimoto’s thyroiditis, Graves’ Disease).51,52 In DTC patients the 
prevalence of TgAbs is around 25%, depending on the cut-off value used. TgAbs 
can interfere with the current Tg assays, leading to false-negative (undetectable) or 
false positive Tg values.49,50,53 Therefore, TgAb interference can mask persistent or 
recurrent disease, or lead to potential overdiagnosis and unnecessary treatment. 
No Tg immunoassay is guaranteed free of TgAb interference; TgAb analysis should 
therefore always be performed parallel to each Tg measurement.26,49,50

The presence of TgAbs during 131I therapy, and their effect on the risk 
classification of the DTC patient, remains a point of discussion: several guidelines 
present different points of view, resulting in different treatment consequences 
(Table 2).25-28,54

Table 2. Role of TgAbs in initial risk stratification

Guideline TgAb positivity

Dutch DTC guideline25 TgAb positive DTC patients considered high risk

American Thyroid Association (ATA)26 Presence of TgAbs not included in initial risk 
stratification

British Thyroid Association (BTA)27 Presence of TgAbs not included in initial risk 
stratification

European Thyroid Association (ETA)28 Extensive control of TgAb positive Tg undetectable 
DTC patients

AAJCC/UICC TNM54 Presence of TgAbs not included in risk 
stratification

Furthermore, the laboratory interpretation of TgAb results is also a point of 
discussion. Both the literature and current guidelines propose several cut-off values 
for TgAb positivity (Table 3), though without current clinical consensus.49,53,55-57 
Lower cut-off values like the limit of detection (LoD), limit of quantification (LoQ), 
and functional sensitivity (FS) are advocated because analytically, even very low 
TgAb levels can interfere with the Tg assay. However, the applicability of these lower 
cut-off values in patient management is questioned.58,59

1
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Table 3. Different proposed cut-off values for TgAb positivity

Cut-off value Definition

Limit of detection (LoD)53,55 Lowest concentration of an analyte that can be 
distinguished from blank water

Limit of quantification (LoQ)49 Level of analyte at which the assay is able to reproduce 
the results with an interassay coefficient variation of 20%

Functional sensitivity (FS)56,57 LoQ over six to 12 months

Manufacturers’ cut-off (MCO)49 For diagnosis autoimmune thyroid disease

Institutional cut-off (ICO) Establishment by each laboratory of a specific reference 
value for their own patient population

Ideally, for clinical practice a Tg method bypassing TgAb interference would 
give more certainty regarding the disease status of DTC patients. Measurement of 
Tg with a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method 
is proposed as a promising technique since this method is based on Tg digestion 
using trypsin, which also degrades the TgAb complexes.47,50

Pediatric differentiated thyroid carcinoma
As mentioned before, thyroid cancer affects all age groups. In the Netherlands 
170 children with DTC were identified over a 43-year period.18 Although the 
long-term prognosis of pediatric DTC is excellent, higher rates of persistent 
and recurrent disease, reported even 40 years after initial therapy, argue for 
lifelong follow-up.19,24 In addition, knowledge about the morbidity and long-term 
effects of childhood DTC is increasing, showing that survivors are challenged by 
permanent hypoparathyroidism, recurrent laryngeal nerve injury, and salivary 
gland dysfunction.18,60 Moreover, diastolic dysfunction was observed in 21.1% of 
asymptomatic pediatric DTC survivors, potentially suggesting earlier cardiac aging 
in this group.61 Further, the diagnosis of pediatric DTC also had a negative impact on 
the quality of life (QoL) of some survivors.62 The excellent prognosis of the disease 
means that survivors are confronted long-term adverse effects.

Bone mineral density
Data about adverse effects on bone mineral density (BMD) due to long-standing 
subclinical hyperthyroidism and/or permanent hypoparathyroidism is scarce in 
(pediatric DTC) survivors. TSH suppressive therapy has been standard practice for 
these patients to prevent the growth of any remaining neoplastic tissue, and in 
the past it was also administrated during linear growth and bone acquisition.30 
In the adult DTC population, TSH suppressive therapy due to exogenous thyroid 
hormones has been considered a risk factor for osteoporosis in postmenopausal 
women. In men and pre-menopausal women, BMD is probably not affected.63 In 
the pediatric DTC population, only two cross-sectional studies have investigated the 
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effect of long-term TSH suppressive therapy on BMD.64,65 However, as BMD changes 
individually over time, prospective longitudinal studies are necessary to evaluate 
these possible changes.

Psychosocial development and quality of life
Childhood DTC is a life event with a potentially negative impact on psychosocial 
functioning and QoL. Survivors may be also challenged by the morbidity of cancer 
treatment, the possibility of cancer recurrence, and the lifelong follow-up advocated 
for these patients. Unfortunately, literature about the psychosocial functioning and 
QoL of pediatric DTC survivors is limited. Since a substantial part of this patient group 
is also confronted with persistent disease, evaluating their psychosocial functioning 
and QoL could provide insights into whether (long-term) interventions (e.g., patient 
support groups, development-oriented care, psychological and psychosocial care) 
are necessary for this patient group.

Aims and outline of this thesis
In this thesis, we aim to improve knowledge and understanding of different gaps 
in the current guidelines for differentiated thyroid carcinoma in order to provide 
clinical guidance for physicians.

The specific aims of this thesis are:
1. Gaps in optimal preparation for 131I therapy: low iodine diet (LID) and 

determination of the iodine status in clinical practice
a. To investigate whether a LID of four days is sufficient to achieve adequate 

iodine depletion in preparation for 131I therapy, and to evaluate DTC patients’ 
nutritional status and individual perception regarding the LID (chapter 2).

b. To investigate whether an iodine saliva measurement can reflect the total 
iodine body pool in clinical practice, by comparing salivary iodine secretion 
and 24-h urine iodine excretion in different (patients) groups defined by their 
iodine pool (chapter 3).

2. Gaps in the biochemical evaluation of DTC patients: thyroglobulin (Tg) and 
thyroglobulin autoantibodies (TgAbs)
a. To investigate which cut-off value for TgAb positivity is the most applicable for 

clinical practice, and to assess whether tumor characteristics differ between 
TgAb+ and TgAb- patients (chapter 4).

b. To investigate the relevance of TgAbs by comparing the analytical and clinical 
performance of a Tg immunoradiometric assay (Tg-IRMA) to a sensitive liquid 
chromatography-tandem mass spectrometry method (Tg-LC-MS/MS) (chapter 5).

1
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3. Optimization of care in treatment of pediatric DTC patients and dealing with 
long-term effects of pediatric DTC
a. To explore the organization of care for pediatric DTC patients in different 

European countries (chapter 6).
b. To achieve optimal care for the Dutch pediatric DTC population by developing 

national recommendations for their treatment and follow-up (chapter 7).
c. To evaluate the bone mineral density of adult survivors of pediatric DTC 

during long-term follow-up (chapter 8).
d. To evaluate the psychosocial development of adult survivors of pediatric DTC 

(chapter 9).

Chapter 10 provides a summary and general discussion of this thesis and considers 
future perspectives.
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