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Chapter 10

Summary
In this thesis we focus on improving knowledge and understanding of various gaps 
in the current guideline for differentiated thyroid carcinoma (DTC). We investigated 
gaps in the optimal preparation for radioactive (131I) therapy, in the biochemical 
evaluation of DTC patients, in the optimal care of pediatric DTC patients, and in 
knowledge of the long-term effects of childhood DTC.

Gaps in optimal preparation for 131I therapy
To improve the outcome of 131I therapy, (inter)national guidelines recommend 
a low iodine diet (LID). However no consensus exists about the duration of this 
diet; vary from 7 to 21 days. For DTC patients, following a LID can be stressful and 
overwhelming with the challenge of achieving a balanced diet.

Low iodine diet and determination of the iodine status in clinical practice
For this reason, in chapter 2, we aimed to investigate if a LID of four days is enough 
in areas with sufficient iodine intake to achieve adequate iodine depletion in 
preparation for 131I therapy. Prospectively, patients treated in two University Medical 
Centers were included, and collected their urine for 24 hours on day four and seven 
of the LID. In addition, patients noted their food intake three days before and four 
days during the LID, and answered 11 questions regarding their perceived barriers 
towards the LID. The median 24-h urine iodine excretion (24-h UIE) between day four 
and seven of the LID was not significantly different. In addition, 44 (72.1%) and 50 
(82.0%) of the 61 patients showed an iodine excretion <50 mcg/day on day four and 
seven of the LID, respectively. DTC patients showed a significantly lower percentage 
of the Dietary Reference Intake of several macro- and micronutrients during the LID 
compared to the regular diet. In our study population, perceived barriers towards 
the LID were limited (e.g., composing a day menu, and experiences like ‘not tasteful 
or nutritious’), although, some individuals experienced stress of contributing to 
treatment failure when not following the diet correctly. Based on the data of this 
study, a LID of four days can be justified to prepare DTC patients for 131I therapy, who 
are withdrawn from thyroid hormone and live in iodine sufficient areas. Shortening 
of the LID may be beneficial for DTC patients to maintain a sufficient nutritional 
intake during their treatment.

In chapter 3 we evaluated if an iodine saliva measurement could reflect the 
total iodine body pool in clinical practice, as a quicker and more practical method 
compared to the 24-h UIE. To establish the correlation between the 24-h UIE and 
the salivary iodine secretion (SIC) over a broad range, subjects with different daily 
iodine intake were included, and collected 24-h urine and saliva samples. Salivary 
iodine secretion was corrected for salivary protein (SI/SP) and urea (SI/SU) due to a 
possible variation in the water content of saliva by stimulation of the parotid gland. 
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A strong correlation was found between the SIC and 24-h UIE, which was even higher 
when corrected for salivary protein and urea. Furthermore, determination of iodine 
secretion by the salivary glands was possible over a broad range. So for clinical 
practice, salivary iodine measurement can be performed to assess the total iodine 
pool with the recommendation to correct for salivary protein or urea. This method 
could for example be useful to determine the optimal start of the 131I therapy in DTC 
patients with a high iodine status by the recent use of iodine containing drugs or 
contrast or for epidemiological purposes (e.g., iodine deficiency in pregnant women 
or children).

Gaps in the biochemical evaluation of DTC patients
Measurement of thyroglobulin (Tg) is the cornerstone during DTC follow-up. In 
approximately 25% of the DTC patients, Tg autoantibodies (TgAbs) are present and 
can cause false-negative (undetectable) or false positive Tg values, as a result of 
interference with the current Tg assays.

Thyroglobulin and thyroglobulin autoantibodies
In chapter 4, we investigated the most applicable cut-off value for TgAb positivity in 
clinical practice. Moreover, tumor characteristics between TgAb- and TgAb+ patients 
during 131I ablation therapy were evaluated to determine if TgAb positivity itself 
should be considered as a separate risk factor. For this study, 230 DTC patients, 
diagnosed between 2006 and 2014, were included and subdivided based on different 
cut-off values for TgAb positivity. All 230 patients were TgAb positive based on the 
limit of detection (LoD), one patient was negative using the functional sensitivity (FS). 
Based on the manufacturer’s cut-off (MCO) and institutional cut-off (ICO), 55 and 34 
DTC patients were TgAb positive, respectively. No differences in histology, presence 
of multifocality, Tumor Node Metastasis (TNM), and American Thyroid Association 
(ATA) risk stratification, were found between TgAb- and TgAb+ patients using the 
MCO and ICO during 131I ablation therapy. According to the Dutch risk classification, 
six patients, without high risk tumor characteristics but with TgAbs above the ICO 
of 10 U/ml, showed declining TgAb levels without evidence of disease during follow-
up. Based on this data, using the MCO or ICO as a cut-off value for TgAb positivity 
in clinical practice is more reasonable. Furthermore, TgAb positivity itself should 
presumably not be considered as an independent risk factor for risk stratification.

Tg liquid chromatography-tandem mass spectrometry (Tg-LC-MS/MS) is 
a method free of TgAb interference since TgAbs are also eliminated when Tg is 
digested, which is an essential step to determine the Tg concentration with this 
method.

In chapter 5, we used this method to confirm that weak TgAbs (defined as 
TgAbs above the LoD but below the ICO) are clinically irrelevant. In addition, the 
analytical performance of the Tg-IRMA was also investigated in the presence of 
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potentially interfering TgAbs (defined as TgAbs above the ICO). For this study, 120 out 
of the 230 DTC patients of chapter 4 were included and their Tg values measured 
with our current Tg immunoradiometric assay (Tg-IRMA, method prone to TgAbs 
interference) were compared with the sensitive Tg-LC-MS/MS (method free of TgAbs 
interference). In samples with weak TgAbs, a good agreement was found between 
both assays (slope of 1.01 (95% CI 0.98 – 1.05)). In samples with potentially interfering 
TgAbs, higher Tg-LC-MS/MS values were found (slope of 2.35 (95% CI 1.21 - >>100)), 
though Tg values measured by both Tg assays almost often led to the same clinical 
interpretation. For clinical practice, Tg analyzed by immunoradiometric assay can 
still be reliable and useful as a tumor marker in DTC patients with weak TgAbs. The 
additional clinical value and application of sensitive Tg-LC-MS/MS assays need to 
be established, especially during long-term follow-up.

Pediatric differentiated thyroid carcinoma
Pediatric DTC is a rare disease with treatment modalities predominantly based 
on adult guidelines until recently. Furthermore, data regarding the long-term 
consequences of pediatric DTC is limited.

Optimization of care for the treatment of pediatric differentiated thyroid 
carcinoma patients
To evaluate the organization of care within different countries in Europe, we 
made two questionnaires to explore which treatment modalities and follow-up 
protocols for pediatric DTC were used in different European treatment centers, 
and have summarized the results in chapter 6. In general, the centralization of 
care in each European country is limited (few patients per center), and different 
treatment modalities and follow-up protocols were used. Since pediatric DTC is 
rare, collaboration to optimize treatment, and minimize long-term consequences 
of childhood DTC is needed between and within European countries (specific local 
networks). In addition, prospective data collection can contribute to improve the 
knowledge of this disease.

To improve centralization of care for pediatric DTC patients in the Netherlands, 
a national multidisciplinary working group constituted to develop national 
recommendations for the treatment and follow-up of DTC patients diagnosed <18 
years. The Dutch recommendations were developed as an adaptation of the ATA 
pediatric DTC guideline that was scored as the highest quality guideline using the 
Appraisal of Guidelines, Research and Evaluation (AGREE) instrument. Discussion 
points in the current ATA pediatric DTC guideline were identified, and systematic 
literature researches were performed. Based on current Dutch diagnostic, treatment 
and follow-up policy, recent evidence, and expert opinions, recommendations for 
the management of pediatric DTC patients in the Netherlands were developed. 
Chapter 7 provides an overview of these new Dutch recommendations.
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Long-term effects of pediatric differentiated thyroid carcinoma
In chapter 8, we evaluated the bone mineral density (BMD) in pediatric DTC 
survivors, and investigated the effects of subclinical hyperthyroidism and/or 
permanent hypoparathyroidism on BMD during long-term follow-up. Sixty-five 
pediatric DTC survivors of a nationwide follow-up study were eligible. Lumbar spine 
and femur dual energy X-ray absorptiometry (DXA) was performed in these 65 
pediatric DTC survivors; measurements were repeated after minimal 5 years of 
follow-up in 46 subjects. Twenty-eight percent of the pediatric DTC survivors had 
permanent hypoparathyroidism.

After a median follow-up of 17 years and after minimal 5 years prospective 
follow-up, most survivors showed BMD T- and Z-scores within the reference range 
during both BMD evaluations. However, after 23.5 years of follow-up, a low BMD was 
found in 13.0%. In the pediatric DTC survivors with permanent hypoparathyroidism, 
BMD values remained stable during follow-up, and did not differ from the 33 
survivors without hypoparathyroidism. Based on the studied follow-up period, 
standard monitoring of BMD among pediatric DTC survivors is not indicated but 
individual cases at risk for a lower BMD could be monitored with a low frequency.

The diagnosis of DTC during childhood entails a life event which could have 
consequences for the psychosocial development of children diagnosed with DTC. 
In chapter 9 we compared the psychosocial development (social, autonomy and 
psychosexual) between pediatric DTC survivors, individuals non-affected with cancer, 
and survivors of other childhood cancers. No differences on all three developmental 
milestone scales were found between the pediatric DTC survivors and individuals 
non-affected with cancer. Compared to survivors of other childhood cancers, 
pediatric DTC survivors showed a higher score on social development, indicating 
a better social development. The autonomy and psychosexual development were 
similar. Overall, pediatric DTC survivors achieved a similar psychosocial development 
compared to non-affected groups.

10
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General discussion and future perspectives
This thesis focuses on various gaps in current guidelines for differentiated thyroid 
carcinoma (DTC). We investigated gaps in the optimal preparation for radioactive 
iodine (131I) therapy, in the biochemical evaluation of DTC patients, in the optimal 
care of pediatric DTC patients, and in knowledge of the long-term effects of disease 
and treatment in pediatric DTC survivors.

Low iodine diet and determination of the 
iodine status in clinical practice
Duration of the low iodine diet in preparation for 131I therapy
During recent decades, the treatment of DTC has changed to a less aggressive 
management approach (also known as de-escalation), especially in low-risk patients. 
However, in a considerable proportion of intermediate and high-risk patients, 
initial treatment still consists of a thyroidectomy followed by 131I ablation therapy. 
In preparation for this 131I therapy, (inter)national guidelines recommend a low 
iodine diet (LID). It is assumed that depletion of the body’s overall iodine store will 
increase sodium-iodine symporter (NIS) expression, thereby improving the uptake 
of 131I.1-6 However, in clinical practice several uncertainties and conflicting advice 
exist regarding this diet; for example, guideline recommendations about the optimal 
duration of the LID vary from 7 to 21 days.2-6

In this thesis we demonstrated that for DTC patients living in iodine sufficient 
areas, who are withdrawn from thyroid hormone (THW), a LID of four days is 
adequate preparation for 131I therapy. The standard duration of the LID in both 
centers of this study was seven days, and no clinically significant difference in the 
24-h urine iodine excretion (UIE) was reported between days four and seven of this 
diet. As this outcome supposes higher iodine elimination during the first four days 
of the LID, extending the diet to seven days seems to have no clinical benefit in this 
group. These results need to be confirmed in patients living in an iodine excess area, 
and those prepared with recombinant human thyroid-stimulating hormone (rhTSH). 
Based on urine excretion patterns during the LID of Korean DTC patients receiving 
rhTSH, it seems plausible that for this group a LID of four days is also sufficient, as 
a significant drop in the UIE was found within the first days of the diet.7

Decreasing the LID can have a dual purpose: reducing the period of lower 
nutritional intake and improving the well-being of DTC patients. As expected, and 
as described in other studies, we found a decreased intake of essential macro- and 
micro-nutrients during the LID, reflecting the difficulties in achieving a balanced 
diet.8,9 Whether a poor diet for a couple of days is harmful may be questioned. 
However, during this period patients have also been confronted with a recent 
cancer diagnosis or persistent/recurrent disease, possible recovery from surgery, 
hospitalization for 131I treatment followed by safety precautions, or a state of 
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hypothyroidism when THW is applied. Moreover, Herbert et al. concluded that the 
LID has both a physical and psychological impact.10 Not only can following a LID be 
experienced as stressful, but also differences within countries about stringency 
and duration can cause confusion. Patients can have easy access to such confusing 
information through the internet or participation in patient associations.10,11 In the 
Netherlands, for example, instructions for the diet published on Oncoline (part of 
the Netherlands Comprehensive Cancer Organisation) differs from information 
provided by several hospitals.12 For the well-being of this patient group, we 
recommend shortening the duration of the LID in the Netherlands to four days, 
and that hospitals implement a unified approach to the LID. Patients are informed 
about the rationale of the LID, so conflicting information makes it hard for them 
to trust that they have followed the “correct” LID, expecting a beneficial result for 
their treatment.

In current guidelines patients with a high iodine status or receiving rhTSH are 
not considered as separate entities; however, once future studies have indicated 
relevant clinical differences in the UIE between different patient subgroups that have 
followed a LID, new guidelines should recognize these different groups.

Although, the LID has long been implemented in patient care, the question 
remains: what is the additional effect of the LID on the outcome of 131I therapy? The 
evidence for a LID is not very convincing, and consists of retrospective designs, 
historical controls, and different definitions of an adequate UIE.13-18 The increased 
knowledge about challenges faced by DTC patients during the LID, justifies further 
study of the effect of the LID. Since ablation success rates are very high, a prospective 
study with two groups, following either a regular diet or a LID, does not currently 
seem feasible. An alternative would be to study the neck uptake of a tracer dose of 
radioactive iodine before and after the LID to explore whether the LID increases the 
NIS transporter. In literature, a twofold increase in the neck uptake is reported after 
following the LID, though these data were based on comparison with a historical 
cohort, and non-compliant patients were excluded. These data must therefore be 
reconfirmed.13

Determination of the iodine status in clinical practice
In clinical practice, compliance to the LID is not often evaluated by using the UIE 
to determine iodine status. This contrasts with guidelines that still emphasize the 
importance of prescribing the diet before 131I administration. Although, several 
methods are available to determine the iodine status, the 24-h UIE is considered 
the gold standard.19 However, this procedure is cumbersome, time-consuming, and 
logistically challenging.

In this thesis we investigated whether a salivary iodine measurement 
could provide information about the iodine status of the body. This measurement 
has been suggested because the salivary glands also express the NIS, the main 
transporter responsible for the iodine content in salivary fluid. Application of this 
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method for epidemiological purposes, previously evaluated only in school-aged 
children, indicated a good correlation between salivary and urinary iodine.20,21 Our 
study also showed a strong correlation between salivary and urinary iodine in adults 
with different daily iodine intakes (low, sufficient, high). Our results confirm that 
measurement of salivary iodine can be a good alternative for the 24-h UIE, mainly 
because it is more practical, cleaner, and quicker. We also demonstrated that this 
method can measure iodine over a broad range (low to high iodine values).

Salivary iodine measurement could be implemented in different fields. 
For instance, in DTC patients who have recently received iodinated contrast or 
used iodine-containing drugs, leading to an excessive amount of body iodine, 
determination of the iodine status may be very informative when 131I therapy 
is indicated. In these patients, repeated iodine measurements could provide 
information about the length of the wash-out period of these high iodine levels, 
and thus allow optimal planning of 131I administration. However, further investigation 
is needed to define the salivary cut-off values for iodine deficiency and excess; 
because of our sample size, we could not provide this information. Finally, salivary 
iodine measurements could also be used in epidemiological studies (e.g., iodine 
deficiency in pregnant women or children).

A specific collection protocol is needed for clinical implementation of this 
method (e.g., ideal sampling time, restriction of certain food/drugs, detailed 
description of the collection procedure, etc.). These specific instructions are essential 
because it is well known that saliva is subject to natural and condition-related 
variations; standardized protocols therefore facilitate comparison of results.22 
Furthermore, more knowledge is needed about the influence of disease (e.g., DTC) 
on the salivary glands. For example, although Klein Hesselink et al. showed that 
salivary gland function is affected after 131I therapy in DTC patients, they found no 
clinically relevant differences in the salivary concentrations of sodium, potassium, 
and chloride after treatment.23 The effect on the salivary iodine concentration also 
needs investigation.

Thyroglobulin and thyroglobulin autoantibodies
Thyroglobulin autoantibodies as a risk factor
After initial DTC treatment, determination of thyroglobulin (Tg) is the cornerstone 
of long-term follow-up. Unfortunately, Tg measurement and interpretation are 
challenged by TgAbs.24 These TgAbs are found in approximately 25% of all DTC 
patients, but their prognostic value is unclear and questioned.

In this thesis we showed that no differences regarding tumor characteristics 
(histology, multifocality, and TNM classification) and risk profile (ATA risk 
stratification) exist between TgAb negative and positive patients, based on two 
different cut-off values used for TgAb positivity (manufacturer’s cut-off (MCO) and 
institutional cut-off (ICO)). A recent meta-analysis and systemic review reported the 
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same results regarding tumor multifocality and tumor size.24 However, the studies 
included in this meta-analysis showed that TgAb positive patients have a higher 
risk of developing lymph node metastases. In addition, TgAb positive patients had 
a significantly higher risk of developing persistent or recurrent disease. Possible 
explanations for these conflicting data are the use of different cut-off values for 
TgAbs (for example using low cut-off values for TgAb positivity, as the limit of 
detection (LoD)/quantification (LoQ) and the functional sensitivity (FS)), the moment 
of TgAb positivity (pre- vs. postoperative), the use of different assays during follow-
up, the different management approach for TgAb positive patients, the population 
studied (age, gender, histology), or the co-existence of lymphocytic thyroiditis in a 
substantial proportion of DTC patients.24,25

The co-existence of Hashimoto’s thyroiditis (HT) and DTC depends on the 
definition used for thyroiditis, and varies from 0.5 – 30%. At the present time, the 
relation between the two conditions is unclear.25-28 In several studies, HT is associated 
with multifocality, larger tumors, the presence of lymph node metastases, and a 
higher risk of recurrent and persistent disease.24-27 Since TgAbs are also found in HT, 
tumor characteristics and outcomes of TgAb positive patients could be influenced 
by the co-existence of HT. To summarize, data about the prognostic value of TgAbs 
is contradictory; however, we demonstrated that TgAb positive patients without 
other high-risk factors could be monitored after initial therapy, without the need for 
additional diagnostics or treatment (e.g., 131I therapy).

The current Dutch guideline considers patients with TgAb positivity as 
high risk; this should be revised in the following guideline because it seems more 
reasonable to monitor patients based on their TgAb levels (trends) rather than 
absolute values.2 The use of trends is also in line with recommendations in the 
other DTC guidelines.

TgAbs respond to changes in Tg-secreting tissue, making it possible to use it 
as a “surrogate” marker since TgAb levels do not correlate with the tumor load.29,30 
In general, patients with increasing TgAbs during follow-up have a higher risk of 
persistent or recurrent disease and mortality. Patients with stable TgAb values are 
at higher risk than patients showing a decreasing trend.31-34

In this thesis we showed the same results; most patients with a TgAb 
conversion from negative to positive, or with an increase of ≥50% of a positive value, 
showed persistent or recurrent disease (83.3% and 66.7%, respectively). On the 
other hand, remission was seen in most patients with decreasing TgAb values during 
follow-up (100% and 87.5%, respectively). In addition, according to the literature, 
approximately 5-12% of DTC patients develop de novo TgAbs during follow-up, but 
most of de novo TgAbs are transient.35-37 The relationship between de novo TgAb 
appearance and DTC recurrence is unknown, and data about disease-free survival 
compared to TgAb negative patients are contradictory. However, as the group of 
patients with permanent de novo TgAbs is small, it would not be cost-effective to 
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monitor TgAbs in all patients during life-long follow-up only to discover this small 
group of patients.

To conclude, evidence confirming the use of TgAb trends during follow-
up of DTC patients is increasing. Therefore, future guidelines should discuss the 
implementation and interpretation of these trends during follow-up (e.g., active 
surveillance, additional interventions or treatments, and interpretation of TgAb 
results when different assays are being used). Measurement of TgAbs seems to be 
unnecessary during life-long follow-up in initially TgAb negative patients, and in 
patients with decreasing TgAbs after initial treatment.

Cut-off value of thyroglobulin autoantibody positivity in clinical practice
Not only is the prognostic value of TgAbs questioned, but consensus about the 
correct cut-off value to define TgAb positivity is also lacking. As mentioned, Tg 
assays can be subject to interference with TgAbs, resulting in false-positive or 
false-negative Tg results that can affect interpretation and management.29,38 Since 
TgAb interference is reported in the presence of even low TgAb levels, different 
strict definitions of TgAb positivity are defended in the literature (e.g., LoD, LoQ 
and FS).25,29,39-41 However, in DTC patients with TgAbs, it is important to distinguish 
between analytical interference and the relevance for patient care.

In this thesis, we first showed that the use of the MCO or ICO for TgAb 
positivity is the most reasonable cut-off value in clinical practice; use of lower cut-off 
values categorizes all patients as TgAb positive, making the tumor marker potentially 
unreliable. Second, we evaluated the clinical value of weak TgAbs (TgAbs above the 
LoD but below the ICO) and potentially interfering TgAbs (TgAbs above the ICO). By 
comparing Tg samples analyzed with a Tg assay prone to interference (Tg-IRMA) 
and with an interference-free method (Tg-LC-MS/MS), we demonstrated that Tg 
values are still reliable when analyzed by immunoassay in the presence of weak 
TgAbs; the clinical agreement between both assays was 89.2% in patients with weak 
TgAbs. Since most DTC patients have weak TgAbs, additional diagnostic or treatment 
approaches (as advised by the Dutch DTC guideline) could be prevented in this 
group, since Tg is still reliable as a tumor marker during follow-up. In patients with 
potential interfering TgAbs, we found higher Tg-LC-MS/MS values than Tg-IRMA values, 
though the clinical decision based on the outcome of both Tg assays would be the 
same (clinical agreement of 100%). Because of the limited number of patients in our 
study, these results must be confirmed in a larger group of patients with potential 
interfering TgAbs. Also, our study focused only on the period of initial therapy. It 
would be interesting to compare Tg values (measured by both methods) in relation 
to TgAb status (weak or potentially interfering) and disease outcome during long-
term follow-up.

The Tg-LC-MS/MS method in this thesis was not only used to investigate 
TgAb interference, but was also used because of the lower LoQ. Although, over the 
years the sensitivity of Tg assays has been improved, the clinical relevance of these 
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sensitive methods is disputed. Future research must demonstrate whether Tg values 
below the analytical sensitivity of the current Tg assays can sooner predict the 
course of disease. Before implementing these sensitive methods it is also important 
to realize their impact on patients: measurement of low levels without adequate 
imaging and treatment options will decrease quality of life (QoL). Therapeutic 
options to react to these findings must be adequate.

Finally, more sensitive Tg assays (without TSH stimulation) may eventually 
replace stimulated Tg values (with THW) of current Tg assays, to improve QoL of 
DTC patients during treatment. However, studies investigating the potential of 
unstimulated sensitive Tg values in predicting stimulated Tg values are still limited.

Pediatric differentiated thyroid carcinoma
Optimization of care for the treatment of pediatric differentiated thyroid 
carcinoma patients
Pediatric DTC is a rare disease with an excellent prognosis and survival rate. 
However, to maintain this prognosis and improve care and long-term outcomes, 
collaboration and centralization are essential.

Our European inventory in 2016 showed that pediatric DTC patients in many 
different treatment centers across Europe are treated using different treatment 
protocols. Recognition of this problem has led to taking steps for the future on 
different levels. For example, international cooperation on pediatric thyroid cancer 
has improved knowledge, care, and outcomes. A European treatment guideline is 
currently being developed, and prospective data registration can be an option to 
provide more knowledge about this disease in the future (increasing sample size).

In the Netherlands, a national multidisciplinary working group has constituted 
and developed national recommendations for the treatment of pediatric DTC. This 
has resulted in national cooperation and centralization of care in Dutch university 
medical centers, coordinated by the Princess Maxima Medical Center. Furthermore, 
new or complex pediatric thyroid cancer patients are being discussed in a national 
multidisciplinary consultation organized every three months.

Continuation of these approaches of collaboration, both at national and 
international levels, can help to maintain low mortality rates and reduce long-term 
effects of treatment.

Long-term effects of pediatric differentiated thyroid carcinoma
As the majority of pediatric DTC patients will survive their disease, it is crucial to 
evaluate the later effects of oncological treatment. A long-term nationwide Dutch 
follow-up study has investigated adverse effects, focusing on both physical and 
mental well-being. In this thesis we have investigated bone mineral density (BMD) 
and the psychosocial development of pediatric DTC survivors.

10
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Bone mineral density
Thyroid hormones are essential both during skeletal development, and for bone 
maintenance during adulthood.42 It is well known that overt hyperthyroidism 
(endogenous thyroid hormones) in adults leads to a decreased BMD. However, the 
effects due to exogenous thyroid hormones (TSH suppressive therapy) are less 
certain;43 this also applies to the pediatric DTC population.

Our prospective longitudinal study demonstrated that BMD values were 
within the reference range in almost all survivors. Based on these data, we concluded 
that standard monitoring of all pediatric DTC survivors is not indicated. However, 
BMD evaluation should be considered in patients who have an additional risk factor 
for a lower BMD (e.g., low body weight, prior fracture, high-risk medication use, etc.).

A substantial proportion of pediatric DTC survivors are diagnosed with 
permanent hypoparathyroidism. This condition may have influenced our data, since 
hypoparathyroidism, in contrast to subclinical hyperthyroidism, can lead to a higher 
BMD. In this subgroup with hypoparathyroidism, the incidence of (pathological) 
fractures is interesting because this condition assumes stiffer bones. However, in 
our investigated group pathological fractures were not reported. A recent systematic 
review reported that neither patients with nonsurgical hypoparathyroidism nor 
those with postsurgical hypoparathyroidism are at either increased or decreased 
risk of fractures than controls.44 Thus, BMD monitoring in this subgroup does not 
seem to be indicated.

Psychosocial development and quality of life
Pediatric DTC survivors may be challenged by complications of the initial therapy, 
lifelong follow-up for postoperative hypothyroidism management, and the 
possibility of cancer recurrence. These factors may have a negative impact on QoL 
and psychosocial development, mainly because survivors are diagnosed during 
childhood. Therefore, both QoL and the psychosocial development were evaluated 
in pediatric DTC survivors.

Nies et al. reported in most of these survivors a long-term QoL comparable 
to that of matched controls.45 In this thesis we found a similar development in 
social, autonomy, and psychosexual domains compared to non-affected individuals. 
However, compared to “other childhood cancer survivors” we found a better social 
development; scores on the domains autonomy and psychosexual development did 
not differ. Although, these results are reassuring; individual lower scores should not 
be overlooked, and physicians should consider available interventions.

Patients and family members could join support groups to share experiences 
and challenges, participate in development-oriented care to support development 
on different levels (physical, cognitive, emotional, and spiritual), and receive 
psychological and psychosocial care. Moreover, participation in the Adolescents 
and Young Adults (AYA’s) national care network could help, and provide specific 
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topics (e.g., fertility, going to college, starting relationships, etc.), especially since 
most pediatric patients are diagnosed post-pubertal.46

It is essential to realize that pediatric DTC is a disease with chronic aspects: it 
does not stop after remission has been reached. A significant number of pediatric 
DTC survivors currently have to live with persistent disease. In the future, more 
patients may have to deal with prolonged minimal residual disease due to the shift 
towards a less aggressive treatment. Therefore, future research is needed to identify 
patients at risk of impaired well-being, and to improve knowledge regarding specific 
complaints daily confronting these patients. These insights may contribute to the 
development of beneficial interventions for pediatric DTC survivors.

Conclusion
For this thesis we studied several gaps in the current DTC guidelines, and we hope 
that our outcomes may guide clinicians in their practice and positively impact the 
development of future DTC guidelines.

We demonstrated that for DTC patients living in iodine sufficient areas, and 
who are withdrawn from thyroid hormone (THW), a LID of four days is adequate as 
preparation for 131I therapy. To determine a patient’s iodine status in preparation 
for this therapy, we demonstrated that salivary iodine measurement is a promising 
technique. During follow-up of DTC patients Tg is a valuable tumor marker, and we 
demonstrated that Tg is still reliable in the presence of weak TgAbs. In addition, TgAb 
positivity should not be considered a separate risk factor. For the care of pediatric 
DTC patients, centralization and collaboration at national and international levels 
are essential to maintain low mortality rates and reduce morbidity. In general, we 
found reassuring results regarding the BMD and psychosocial development of most 
pediatric DTC survivors. However, individual attention should be given to survivors 
more at risk of a lower BMD or impaired well-being.

Investigation of gaps is important when it decreases mortality or morbidity, 
improves QoL, or reduces healthcare costs. In this thesis, we investigated gaps that 
have received less attention in the literature but have a significant impact on the QoL 
of (pediatric) DTC patients. However, as knowledge improves, new questions have 
to be answered. (Pediatric) DTC has a good prognosis, and the majority of patients 
function well. With this in mind, it is essential that researchers and physicians avoid 
concerns of less relevance and investigate remaining gaps to improve the well-being 
of our patients.

10
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