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Abstract

The incidence of differentiated thyroid carcinoma (DTC) has increased rapidly over the past several years. Thus 
far, the only conclusively established risk factor for developing DTC is exposure to ionizing radiation, especially 
when the exposure occurs in childhood. Since the number of childhood cancer survivors (CCS) is increasing due 
to improvements in treatment and supportive care, the number of patients who will develop DTC after surviving 
childhood cancer (secondary thyroid cancer) is also expected to rise. Currently, there are no recommendations for 
management of thyroid cancer specifically for patients who develop DTC as a consequence of cancer therapy during 
childhood. Since complications or late effects from prior cancer treatment may elevate the risk of toxicity from DTC 
therapy, the medical history of CCS should be considered carefully in choosing DTC treatment. In this paper, we 
emphasize how the occurrence and treatment of the initial childhood malignancy affects the medical and psychosocial 
factors that will play a role in the diagnosis and treatment of a secondary DTC. We present considerations for clinicians 
to use in the management of patients with secondary DTC, based on the available evidence combined with experience-
based opinions of the authors.

Introduction

The incidence of differentiated thyroid carcinoma (DTC) 
has increased substantially over the past several years 
due to increased patient and clinician awareness as well 
as increased use and sensitivity of neck ultrasound (1). 
Thus far, the only conclusively established risk factor 

for developing DTC is exposure to ionizing radiation, 
especially when the exposure occurs in childhood (2, 3).

The consequences of exposure to radioactive iodine 
have been described extensively after the Chernobyl 
disaster, where no adequate measures were taken to limit 
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I-131 exposure and, consequently, a clear increase in the 
incidence of papillary thyroid carcinoma was observed (4, 
5). In contrast, as a consequence of a smaller radiation 
release and immediate exposure limiting actions, no such 
increase was seen after the Fukushima meltdown (6).

Children who have been exposed to external radiation 
to a field including the thyroid gland are at increased risk 
for DTC. The relative risk for developing DTC increases 
linearly through 2–4 Gy, levels off between 10 and 30 Gy, 
and declines thereafter. The latency between radiation 
exposure and the development of DTC can be very long: 
the risk remains elevated for as long as 50 years or more 
after radiation exposure. In childhood cancer survivors 
(CCS), a non-synergistic (additive) association of 
chemotherapy with radiation has been observed for DTC 
(3). Compared to the general population, the risk for DTC 
has been reported to be increased in CCS treated solely 
with chemotherapy. Among 1344 survivors treated with 
chemotherapy alone, a standardized incidence ratio for 
thyroid cancer of 3.8 (95% CI, 2.7 to 5.1 was observed) (7). 
DTC has also been described to occur after radionuclide 
therapy with 131I-MIBG in children with neuroblastoma 
(NBL) (8, 9).

Since the number of CCS is increasing due to 
improvements in treatment and supportive care (10, 11), 
it is expected that the number of patients who will develop 
DTC after surviving childhood cancer (secondary thyroid 
cancer) will rise in parallel. When DTC is diagnosed in 
a patient after radiation exposure for the treatment of a 
previous childhood malignancy, treatment for DTC will 
usually follow established guidelines for pediatric or 
adult DTC, depending on the age at DTC diagnosis (12, 
13, 14). Unfortunately, these guidelines do not take into 
account the unique circumstances of CCS. Certainly, these 
guidelines offer no specific distinction for patients who 
develop DTC as a consequence of cancer therapy during 
childhood, including recommendations for the diagnostic 
testing, staging and treatment of patients with a history 
of childhood cancer or radiation exposure. However, it is 
stipulated in both the adult and pediatric guidelines of the 
American Thyroid Association (ATA) that the risk profile 
of patients with DTC as a secondary malignancy may be 
different than when compared to patients with sporadic 
DTC. Furthermore, the histologic type, molecular etiology, 
and overall prognosis must be reflected in the diagnostic 
and therapeutic measures . As such, both ATA documents 
state that decisions regarding the extent of surgery for 
indeterminate thyroid nodules are influenced by several 
factors, including the estimated pre-surgical likelihood 
of malignancy based upon clinical risk factors of which a 

history of radiation is explicitly named as one. However, 
a history of radiation exposure is not included in the risk 
stratification system used to guide treatment in the ATA 
guidelines because there is insufficient evidence on which 
to base such an inclusion on.

There are several medical and psychosocial 
considerations which need to be considered and which 
may affect the diagnosis and treatment of secondary DTC. 
As a consequence, this process could or perhaps should 
differ from the approach in sporadic DTC patients. For 
example, the treatment of any prior primary malignancy 
may result in side effects which limit DTC treatment. Also, 
the additional psychological consequences of being faced 
with a second malignancy while still young, such as fear of 
an unfavorable prognosis, can affect management (Table 1).  
Furthermore, differences in genetic characteristics of 
secondary DTC may be important, although these have 
not yet been shown to affect clinical behavior (15, 16, 
17). Another uncertain factor is the patients’ prognosis – 
even though DTC in most patients, especially in younger 
individuals, is associated with a normal life expectancy 
(18), data do not exist specifically for CCS. Even though 
DTC alone is unlikely to reduce life expectancy, the 
cumulative impact of the primary malignancy and its 
therapy and the treatment and potential late effects of 
DTC treatment (such as further subsequent malignancies) 
may be associated with a reduction in life expectancy.

During the structured literature search that was 
performed for the International Guidelines Harmonization 
Group (IGHG) recommendations for screening CCS at risk 
for developing thyroid cancer (19), we identified a distinct 
lack of evidence about the optimal diagnostic procedures 
and treatment of radiation-induced DTC in CCS. During 
the process of defining the IGHG recommendations, topics 
related to DTC treatment after diagnosis were discussed, 
and here we summarize the content of these discussions. 
Therefore, the aim of the present document is to provide 
expert level recommendations for clinicians to use where 
high-level evidence is lacking. When future DTC guidelines 
provide specific evidence-based guidance for DTC in CCS, 
these should be given priority over the present document. 
Furthermore, wherever the present document refers to 
diagnostic or therapeutic procedures, these should be 
carried out in accordance with applicable guidelines. 

Methods

For the present paper, we refer to the very recent 
thorough literature search performed for the IGHG 
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recommendations (19). In short, the evidence-based 
guideline development for the IGHG group involved 
several stages. First, concordances and discordances 
between the Children’s Oncology Group (COG), Dutch 
Childhood Oncology Group (DCOG) and United 
Kingdom Childhood Cancer Study Group (UKCCSG) 
recommendations for DTC surveillance in children 
and young adolescent cancer (CAYAC) survivors were 
evaluated. Subsequently, focused clinical questions 
were developed to address areas of discordance 
in existing DTC surveillance guidelines as well as 
areas of concordance that were controversial in the 
literature with the intent of developing consensus 
recommendations based on these questions. To identify 
all relevant literature, an English language PubMed 
search was performed. Keywords and medical subject 
heading terms were used to identify all potentially 
relevant titles and abstracts. Manual cross-referencing 
was used to identify additional articles, and experts 
suggested relevant papers that may have been missed 
in the search. Two independent reviewers selected the 
studies and abstracted data using standardized data-
abstraction forms. CCS were defined as individuals 
treated for cancer initially diagnosed up to an age of 21 
who were at least 2 years post-treatment, irrespective 
of current age. When evidence was lacking for CCS, 
evidence was extrapolated from other populations 
such as patients who had received radiation therapy 
for benign thyroid lesions, individuals exposed to 

radiation as a consequence of nuclear fallout or atomic 
bombs, and patients with sporadic DTC. The quality of 
the evidence and the strength of the recommendations 
were graded according to evidence-based medicine 
methods developed by experts within the Cochrane 
Childhood Cancer Group and the IGHG using existing 
methods including the Applying Classification of 
Recommendations and Level of Evidence criteria of 
the American Heart Association (Data Supplement) 
and the Grading of Recommendations, Assessment, 
Development and Evaluations Working Group 
(GRADE). Panel members discussed the evidence and 
formulated recommendations for surveillance based on 
evidence and expert opinion. Final recommendations, 
the strength of each recommendation, and the quality 
of the evidence informing each recommendation were 
arrived at by consensus among the panel members.

The considerations presented here (Table 2) were 
produced by participants in the group involved in the 
IGHG guideline document, supplemented with relevant 
external specialists with specific expertise and experience 
in the treatment of DTC. This effort was chaired by a 
board-certified pediatric endocrinologist (HvS) and a 
board-certified nuclear medicine physician (FAV), both of 
whom have extensive experience in the care of pediatric 
DTC. Discussions on controversial points were held via 
electronic communication. All of the authors agreed with 
the considerations as formulated in the final version of 
this document.

Table 1 Issues specific for childhood cancer survivors developing subsequent differentiated thyroid cancer.

Issue Example Possible consequence

Previous radiation dose 
from prior diagnostics 
and treatment

High cumulative radiation dose Avoidance, when possible, of using 
CT-scanning or low-dose I-131 in 
the diagnostics of DTC

Previous exposure to 
toxic agents for the 
childhood cancer 

Bleomycin increases the risk for pulmonary dysfunction
Alkylating agents and abdominal irradiation increase the risk 

for gonadal dysfunction
Total body irradiation or 131I-MIBG treatment increases the 

risk for bone-marrow toxicity and tertiary malignancies 
Chest irradiation increases the risk for breast cancer

May increase the risk for adverse 
effects of I-131 in the treatment  
for DTC

Possibility of the presence 
of a genetic 
predisposition 
syndrome

Possible underlying genetic mutation may be present both 
causing the childhood malignancy and the thyroid 
malignancy. The fact that an individual already has had 
cancer during childhood and subsequently develops 
thyroid cancer may indicate a germline genetic 
susceptibility to develop cancer

May influence the decision to use 
adjuvant treatment with I-131 with 
regards to the risk to develop a 
third malignancy

Risk for cardiotoxicity and 
prescribing 
levothyroxine therapy

Anthracycline chemotherapy agents or chest irradiation may 
increase the risk for cardiotoxicity 

Consider keeping TSH concentrations 
in the lower normal but not 
suppressive range 

Psychological aspects Fear for unfavorable prognosis similar to the previous cancer The psychological impact of being 
diagnosed with DTC as secondary 
malignancy may be higher than 
being diagnosed with sporadic DTC
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Screening

Consideration 1: In CCS at risk for thyroid carcinoma, the 
decision to undergo periodic surveillance should be made by the 
healthcare provider in consultation with the CCS after careful 
consideration of the advantages and disadvantages of DTC 
surveillance. 

The most common clinical presentation of DTC in 
the non-irradiated patient is a growing nodule in the 
neck, detected by the patient, the patient’s family or 
the patient’s peers. When compared to adults with DTC, 
children with DTC may present more frequently with 
a persistently enlarged cervical lymph node. In CCS, 
however, a malignant thyroid nodule will frequently 
be found on screening, either by palpation or thyroid 
ultrasound, because most CCS will be seen regularly and 
screened for DTC in an out-patient survivor clinic. Due 
to their prior experience with malignant disease and 
increased awareness, most CCS are more likely to seek 
swift medical attention when a lump or lymph node in 
the neck is noticed. This may result in diagnosis of DTC 
at a smaller tumor size and/or a less advanced stage (20), 
which may be favorable as early detection of DTC has 
been shown to have positive effect on recurrence rate, 
morbidity and mortality (21).

The question of whether CCS at risk for DTC should 
be screened for this disease has been dealt with in 
depth by the IGHG thyroid cancer group (19). While it 
was found that no direct evidence exists as to whether 
intensified thyroid cancer surveillance positively impacts 
DTC-related survival or decreases DTC-related morbidity, 
it was nonetheless concluded that surveillance for DTC is 
reasonable in survivors whose thyroid gland was exposed 
to external radiation and neuroblastoma survivors 
who received therapeutic 131I-MIBG. It was further 
recommended that the decision to undergo periodic 
surveillance should be made by the healthcare provider 
in consultation with the CCS after careful consideration 
of the advantages and disadvantages of DTC surveillance.

Screening for DTC may be performed by palpating the 
thyroid gland or by thyroid ultrasound. Neck palpation is 
recommended as routine part of the physical examination 
for all CCS when visiting the physician who cares for 
them during survivorship, as specificity for the detection 
of thyroid nodules is high (22). As screening all CCS at 
risk with thyroid ultrasound may result in a considerable 
number of false-positive results, followed by unnecessary 
diagnostic and surgical procedures and psychological 
stress, it is currently not advised to screen all CCS at risk 
with thyroid ultrasound. Instead, it is recommended that 

the decision to screen with palpation or neck ultrasound 
be made together with the survivor and should include 
considerations on the presence of the specific expertise 
with, for example, thyroid ultrasound in the local team as 
well as the needs and wishes of the survivor (19). If thyroid 
ultrasound is chosen as screening modality, this should be 
done in a center with expertise in thyroid cancer by an 
experienced thyroid radiologist, to minimize unnecessary 
additional diagnostics or surgical procedures.

Table 2 Considerations for the treatment of differentiated 
thyroid cancer in childhood cancer survivors.

Screening
1. In CCS at risk for thyroid carcinoma, the decision to 

undergo periodic surveillance should be made by the 
healthcare provider in consultation with the CCS after 
careful consideration of the advantages and disadvantages 
of DTC surveillance

Diagnostics
2. If a suspicious thyroid nodule is detected in a patient who 

has been exposed to neck radiation, fine-needle aspiration 
cytology of this lesions is recommended 

3. In case of a suspicious or unclear biopsy or cytology result, 
diagnostic hemi-thyroidectomy should be strongly 
considered 

4. In CCS with a strong suspicion or diagnosis of DTC, further 
preoperative diagnostics should be kept to a minimum. 
Should anatomical medical imaging nonetheless be 
necessary, MRI is the preferred imaging modality 

Clinical behavior 
5. There is insufficient genetic or clinical evidence to support  

a more aggressive treatment strategy for secondary  
DTC in CCS

Patient characteristics and background that may affect 
treatment

6. The medical history of CCS should be considered carefully 
in choosing DTC treatment, since complications or late 
effects from prior treatment may elevate the risk of some 
therapeutic modalities 

7. Since CCS are likely to be at increased risk of complications 
during and after anesthesia, a careful evaluation of this 
possibility should be performed before thyroid surgery  
in CCS 

8. As CCS who develop a secondary DTC may be at increased 
risk for developing other (tertiary) cancers, restrictive use of 
I-131 therapy is advocated in this population. In general, 
I-131 therapy should be given either as adjuvant treatment 
or for treatment of advanced disease, but not only for the 
purpose of thyroid remnant ablation 

Psychosocial aspects
9. For CCS who develop a secondary DTC, the psychological 

impact will be substantial and special attention should be 
paid to providing psychological support

Organization of care
10. Treatment for DTC in CCS should occur in an experienced 

thyroid center and the multidisciplinary team should 
include a (pediatric) oncologist to enable the addressing of 
previously named considerations
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Diagnostics

Consideration 2: If a suspicious thyroid nodule is detected 
in a patient who has been exposed to neck radiation, fine-
needle aspiration cytology of this lesions is recommended.
Consideration 3: In case of a suspicious or unclear biopsy 
or cytology result, diagnostic hemithyroidectomy should be 
strongly considered.
Consideration 4: In CCS with a strong suspicion or diagnosis 
of DTC, further preoperative diagnostics should be kept to a 
minimum. Should anatomical medical imaging nonetheless be 
necessary, MRI is the preferred imaging modality. 

If a thyroid nodule is palpated in a CCS, an ultrasound 
of the neck, including the thyroid gland and the cervical 
lymph nodes, is advised. In case of sonographic suspicion 
for thyroid malignancy (>1 cm and/or suspicious 
ultrasound features and/or concurrent suspicious lymph 
node enlargement), cytological evaluation by fine-needle 
with or without aspiration (FNAC) is recommended, 
preferably under ultrasound guidance (13). If thyroid 
function tests show thyrotoxicosis, thyroid scintigraphy 
should be performed in order to rule out the presence of 
autonomous nodules, which on ultrasound may show 
characteristics suspicious of malignancy. There is no 
evidence that, in case of comparatively small thyroid 
nodules with an indeterminate FNAC result (Bethesda 
classification 3, 4 or 5), additional diagnostic testing 
should be different in CCS cancers compared to sporadic 
DTC. Since the fact that the pre-test risk of malignancy 
for a nodule to be malignant may be different in CCS, 
molecular testing may be less reliable as a rule-out test. 
For subjects with Bethesda 3 and 4 lesions, with no 
suspicious features on ultrasound, following the nodule 
with sonography may be advised. In Bethesda 5 lesions, 
given the a priori increased risk for DTC in irradiated 
individuals, diagnostic hemithyroidectomy is preferred.

Despite a history of irradiation, we do not recommend 
FNAC in lesions < 1.0 cm in children or adult CCS, 
unless ultrasound investigation is highly suspicious 
for malignancy (i.e. showing features such as irregular 
margins, missing halo sign, microcalcifications, suspicious 
lymph nodes, or signs of extracapsular invasion). In case 
of an indeterminate FNAC result, depending on the needs 
and wishes of the individual CCS, it may be preferable to 
perform a diagnostic hemithyroidectomy in order to obtain 
certainty in the form of histological analysis of the nodule. 
This is consistent with the current ATA recommendation 
stating that, for indeterminate FNAC of thyroid nodules, 
several factors, including history of radiation, could cause 
one to opt for surgical intervention. Alternatively, more 

frequent follow-up with 6–12 monthly ultrasound can 
be considered instead of diagnostic hemithyroidectomy. 
This decision should be discussed with the patient as part 
of shared decision-making. Some CCS will have a strong 
desire for the greatest possible degree of certainty that 
they do not have a new malignancy, while others would 
rather avoid surgery if possible.

For those who desire the greatest possible degree of 
certainty, additional diagnostic tests may be considered; 
however, these tests have not been studied specifically 
in the CCS setting. Additional diagnostics may be done 
with genetic testing on the FNAC specimen with a gene 
expression or gene sequencing classifier (where available). 
Molecular testing may be of additional value in the case of 
finding a BRAF mutation in Bethesda 5 cases, but for other 
results, evidence is lacking that it has direct consequences 
for the next diagnostic step. Molecular imaging such as 
Tc-99m-methoxy-isobutyl-nitril (MIBI) scintigraphy has 
an excellent negative predictive value and a very high 
sensitivity; however, it has a limited positive predictive 
value (meaning that a negative test result is very unlikely 
to have overlooked a DTC case) (23, 24). Which of these 
tests can be performed depends on local availability.

In case disseminated disease is suspected, caution is 
advised in choosing the modality for preoperative imaging. 
We recommend against the acquisition of additional CT 
scanning in CCS for preoperative staging of DTC. CCS 
may already have been exposed to high doses of chest 
radiation at time of treatment for their previous cancer. In 
cases where there are known or suspicions of locoregional 
lymph nodes, ultrasound investigation will usually be 
sufficient imaging. When additional imaging is required, 
MRI is preferred. For detection of lung metastases, low-
dose chest CT scanning may be considered. 

Clinical behavior

Consideration 5: There is insufficient genetic or clinical 
evidence to support a more aggressive treatment strategy for 
secondary DTC in CCS.

While radiation-induced DTC has been shown to 
have a different genetic profile than sporadic DTC (more 
RET/PTC rearrangements), there is insufficient evidence to 
suggest that radiation-induced DTC behaves differently to 
sporadic cases. Subtle, yet significant, differences in gene 
expression have been reported in DTC in children and 
young adults following the Chernobyl accident, which 
were associated with their previous low-dose radiation 
exposure (25). The radiation exposure of CCS at risk for 
DTC will, in most cases, be higher than the exposure of 
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the thyroid in the population in Chernobyl, and it can 
be questioned whether this will lead to further differences 
in the genetic pattern of DTC. In a recent study of 3006 
cancer survivors, the contribution of pathogenic/likely 
pathogenic (P/LP) mutations in cancer predisposition 
genes to their second neoplasm risk was evaluated using 
whole-genome sequencing. In this cohort, thyroid 
cancer developed in SUFU, PTCH1, TP53, BRCA2, and 
RB1 mutation carriers, although the overall cumulative 
incidence of developing any secondary neoplasm 
was similar between survivors with and without P/LP 
mutations who were treated with radiotherapy (26). The 
significance and implications of these findings will have to 
be determined in future cohorts. Although there are some 
studies suggesting that behavior of radiation-induced 
DTC is more aggressive than sporadic DTC, to date there 
is insufficient evidence to substantiate this and there is no 
evidence that its prognosis is worse (27, 28, 29).

In our opinion, current evidence is insufficient to 
recommend more aggressive treatment for DTC in CCS 
based on genetic characteristics or clinical behavior  
of the tumor.

In the coming years, the genetic landscape of radiation-
induced DTC in CCS must be unraveled further and 
correlated with clinical behavior. In this light, it would be 
of interest to compare the differences in genetics between 
radiation-induced DTC in children and adult CCS.

Patient characteristics and background that may 
affect treatment

Consideration 6: The medical history of CCS should 
be considered carefully in choosing DTC treatment, since 
complications or late effects from prior treatment may elevate 
the risk for toxicity of some therapeutic modalities.
Consideration 7: Since CCS are likely to be at increased 
risk of complications during and after anesthesia, a careful 
evaluation of this possibility should be performed before 
thyroid surgery in CCS.
Consideration 8: As CCS who develop a secondary DTC 
may be at increased risk for developing other (tertiary) cancers; 
restrictive use of I-131 therapy is advocated in this population. 
In general, I-131 therapy should be given either as adjuvant 
treatment or for treatment of advanced disease, but not for the 
purpose of thyroid remnant ablation. 

Children, young adolescents and adults who 
survived childhood cancer usually have an extensive 
medical history. Depending on the nature of their 
primary malignancy, previous treatment may include 
cytotoxic chemotherapy, cranial, cervical and/or 

thoracic radiation therapy, or total body irradiation. 
These former therapies may influence decision-making 
in the treatment of DTC (Table 1). For example, their 
potential to cause cardiac or pulmonary adverse 
effects later in life must be taken into account when 
planning anesthesia as these patients are likely to be 
at increased risk of complications during and after 
anesthesia (30). For this reason, in all CCS, a careful 
anesthesia evaluation should be performed, with 
reference to the actual functional organ status, before  
performing surgery. 

Cardiac effects

Treatment with anthracycline chemotherapeutic agents 
or radiation to the chest during childhood may induce 
cardiac problems, such as decreased left ventricular 
function and even cardiac failure later in life (31, 32). 
These potential cardiac risk factors must be taken into 
account when deciding on treatment for DTC with TSH 
suppressive levothyroxine therapy. TSH suppressive 
therapy, which is indicated for high and some 
intermediate risk DTC until a disease free status has been 
established, has been shown to have cardiac effects such 
as diastolic dysfunction and atrial tachycardia (33). This 
may be unfavorable in patients already at increased risk 
for cardiac problems due to previous childhood cancer 
treatment. For this reason, we advise evaluation of 
cardiac function in all CCS with DTC who have received 
cardiotoxic treatment before introduction of TSH 
suppressive levothyroxine therapy. Should suppressive 
therapy not be advisable, the comparatively indolent 
nature of DTC allows a dosing of levothyroxine therapy 
to keep TSH levels in the lower normal range, with a long-
term median TSH level below 2 mU/L (34). While perhaps 
suboptimal from a DTC perspective, this will nonetheless 
strike a reasonable balance between minimizing DTC 
growth and minimizing cardiac risk. 

Pulmonary effects

Pulmonary late effects in CCS may occur, for example, 
in Hodgkin lymphoma survivors after treatment with 
bleomycin or thoracic radiation therapy (35, 36). 
Although infrequent, one of the most serious and potential 
lethal adverse effects of radioiodine therapy in DTC 
patients with extensive miliary pulmonary metastases is 
pulmonary fibrosis, especially if it is given in combination 
with previous bleomycin treatment (37). For this reason, 
pulmonary function should always be evaluated in CCS 
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who develop metastatic miliary pulmonary disease. 
Furthermore, it is advisable to perform pre-therapeutic 
dosimetry to ascertain that safety limits for pulmonary 
radioiodine uptake are not exceeded while maximizing 
the administered I-131 activity (38). Before deciding on 
additional courses of I-131 therapy, evaluating pulmonary 
function should be mandatory. 

Gonadal damage

CCS may be at risk for premature ovarian insufficiency 
or testicular failure due to treatment with gonadotoxic 
agents, such as alkylating agents and abdominal/pelvic 
radiation (39, 40). Radioiodine has been associated with 
transient male and female gonadal dysfunction (41). 
While there is suggestion in the literature that I-131 
therapy may decrease ovarian reserve, a recent study of 
a Dutch cohort DTC survivors showed no abnormalities 
in serum AMH concentrations or in pregnancy rate (42). 
Depending on age, we recommend that gonadal function 
be assessed before radioiodine is administered and all 
patients and/or parents should be counseled regarding 
the possibility of such effects occurring. In post-pubertal 
males, we recommend considering sperm banking before 
the administration of radioiodine therapy.

It is currently advised that pregnancy be delayed for 
at least 6 months after radioiodine therapy in order to 
allow for a sufficient decay of any remaining radioiodine 
after therapy and in case a second treatment with 
radioiodine may be necessary. As female CCS may be at 
risk for premature ovarian insufficiency due to treatment 
for their primary cancer, the desire for future pregnancies 
may be a reason to consider postponing or abstaining 
from adjuvant postoperative radioiodine treatment in the 
case of a low- or intermediate-risk DTC without evidence 
of remaining disease.

Risk of tertiary malignancies

In sporadic DTC patients, the occurrence of subsequent 
primary malignancies after radioiodine therapy has 
been described with an increased incidence of 2.7–8.7% 
(43, 44). For acute myeloid leukemia, there is a proven 
relationship between the cumulative administered I-131 
activity and incidence of disease; however, this is not 
the case for many other malignancies (stomach, bladder, 
colon, salivary gland and breast) where there is some 
evidence of an increased incidence in post-radioiodine 
DTC patients (42). The fact that an individual already 
has had cancer during childhood and subsequently 

develops thyroid cancer may implicate a germline genetic 
susceptibility or predisposition syndrome to develop 
cancer. In fact, it has been shown that the incidence of 
non-DTC primary tumors is not only elevated after, but 
also before DTC diagnosis, suggesting a common etiologic 
or genetic mechanism instead of a causal relation (45). 
This possible increased genetic susceptibility must be 
taken into account when deciding on adjuvant treatment 
with the ionizing radiation generating agent, radioiodine. 
Furthermore, CCS with DTC may have an increased 
risk of developing a third subsequent malignancy after 
radioiodine exposure due to extra vulnerability from 
previous treatments, such as previous exposure to total 
body irradiation or 131I-MIBG (the second hit-model). 
For instance, CCS with a history of chest irradiation 
may already be at increased risk to develop breast  
cancer (46, 47).

Hence we propose an abundance of caution 
regarding the administration of postoperative radioiodine 
therapy in CCS. It can likely be avoided in many low-
risk patients, but for patients with residual inoperable 
disease after surgery, I-131 treatment is essential. Possible 
methods, although expensive, to safely select patients 
for postoperative radioiodine therapy or to determine 
whether any metastatic disease is present outside of the 
thyroid bed include a diagnostic whole body scan with 
I-123 combined with integrated single PET (SPECT) and 
CT (together called SPECT/CT) or I-124 with FDG/PET. If 
no metastatic disease is found and serum Tg is stable or 
decreasing, the patient can be followed by monitoring Tg 
levels and regular assessment of the thyroid bed by means 
of neck ultrasound. 

Myelotoxicity

Immediate bone-marrow problems after radioiodine 
therapy are very rare, even after high activity therapy (48) 
and are hardly ever of a clinically relevant magnitude. Most 
commonly, the effects occur within the first 4–6 weeks 
after therapy and are reversible within 3 months. Most 
common are mild leucopenia and thrombocytopenia; 
however, even these are rare and usually clinically 
insignificant. Radioiodine treatment has also been 
shown to result in a transient decrease of platelets (49). 
In CCS, the bone marrow may be particularly vulnerable, 
especially in survivors of childhood leukemia, after total 
body irradiation or after treatment with other bone-
marrow suppressive agents. This may also be the case 
for neuroblastoma survivors who were treated with high 
cumulative activities (radiation dose) of I-131-MIBG, 
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as MIBG has also been described to cause bone-marrow 
suppression.

Especially in patients who are at increased risk of 
having less than optimal bone-marrow reserve, caution 
should be applied in the choice of I-131 activity. In 
patients with metastatic disease, lesion dosimetry prior to 
radioiodine therapy may help to determine the minimum 
effective activity which will still lead to a radiation 
absorbed dose of 300 Gy to the thyroid bed and at least 
80 Gy to metastases (50, 51). Another approach could 
be to administer the activity corresponding to the dose 
in the blood not higher than the maximum tolerable  
activity (38).

Psychosocial aspects

Consideration 9: For CCS who develop a secondary DTC, 
the psychological impact will be substantial and special 
attention should be paid to providing psychological support.

The diagnosis of a second malignancy as a child, 
adolescent or adult will have a substantial impact on 
the patient and his/her family. These patients and their 
closest relatives have already experienced one malignant 
disease, its diagnosis, hospitalization for its treatment, 
and the associated uncertainties and worries. The 
diagnosis of DTC in such a patient can be particularly 
traumatic given this prior history. It is for this reason that 
screening for DTC must be done in agreement with the 
survivor. Screening may give false-positive results which 
can lead to anxiety and worries unnecessarily. It is for this 
reason that special attention should be paid to psycho-
oncological counseling of the patient with DTC where 
indicated and to their parents, care-givers and partners as 
appropriate. Fortunately, secondary thyroid cancer has an 
excellent prognosis, which enables positive counseling in 
most cases. It can be stressed that, especially in patients 
under 45 years of age at diagnosis, life expectancy is not 
impaired in DTC patients compared to a population of 
the same age and gender (18). 

Treatment of DTC in CCS

Consideration 10: Treatment for DTC in CCS should occur 
in an experienced thyroid center, and the multidisciplinary 
team should include a (pediatric) oncologist to enable the 
addressing of previously named considerations.

In the treatment of DTC in CCS, attention must 
be paid to the issues presented previously. It is crucial 
that the survivor understands that secondary thyroid 
cancer is (in most cases) different in terms of behavior, 

treatment toxicity and prognosis than other forms of 
childhood cancer. The treating physician should be 
aware of the possible toxicity of previous administered 
drugs or radiation therapy in addition to the treatment 
modalities required for the treatment of DTC. Lastly, 
special attention should be paid to the psychological 
impact of having a secondary malignancy. For all of the 
previously named reasons, treatment for DTC in CCS is 
recommended in an experienced thyroid center. Due to 
the fact that expertise is needed in the modalities used for 
the previous cancer treatment and on thyroid cancer, the 
multidisciplinary team should include both (pediatric) 
endocrinologists and (pediatric) oncologist, as well as 
a thyroid expert radiologist, an endocrine surgeon, a 
nuclear medicine physician, a pathologist, a geneticist, 
a late effects physician and ideally a psychologist with a 
specialization in psycho-oncology.

Conclusions

It may be questioned whether diagnostics or treatment of 
DTC in CCS should be different compared to sporadic DTC 
patients. As DTC in CCS is relatively uncommon, there is 
little evidence upon which to base these considerations. 
We can, however, provide recommendations to guide the 
caregiver based on our clinical experience, the available 
literature on late effects in CCS and the published literature 
regarding DTC in CCS. As each case will have unique aspects, 
we recommend that the caregiver individually designs 
the most optimal plan for diagnostic and therapeutic 
procedures for the specific CCS and includes the CCS in 
decision-making (individualized care). The CCS should be 
provided, in a timely fashion, with the information that is 
relevant and that he or she can comprehend and use. 
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