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Abstract

Introduction: This case report aims to discuss the development of fatal lung fibrosis in a young boy following treatment of
metastasized differentiated thyroid carcinoma (DTC).

Case presentation: A 3.6-year-old boy was diagnosed in year 1995 with papillary thyroid carcinoma with extensive
metastases. He underwent total thyroidectomy and received multiple courses of radioactive iodine (RAI) therapy between
September 1995 and February 1998. The patient received six courses of RAI therapy within 30 months, cumulatively
amounting to 10 GBq "3'], in response to significantly elevated thyroglobulin levels and morphologically persistent miliary
lung metastases. Despite the significant regression of his metastatic disease, the patient exhibited progressive lung
fibrosis 2.75 years after the sixth RAI therapy. This condition ultimately led to respiratory failure and resulted in the
patient's death 6.7 years following the initial diagnosis.

Discussion/conclusion: This case highlights the potential severe complications associated with several courses of RAI
therapy in young children suffering from extensive lung metastases and underscores the need for careful treatment
planning and long-term monitoring. Given the risks of RAI therapy, particularly the risk of fatal lung fibrosis, it is crucial to
tailor RAI therapy carefully, especially in young patients. Notably, thyroglobulin levels can decrease even after cessation of
RAI therapy, indicating that levels immediately post-therapy are not necessarily representing the development of the
response over the following months.
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Established facts

« Pediatric DTC typically has a good prognosis, but treatments such as RAI therapy can lead to significant long-term
complications, including pulmonary fibrosis.

« Radiation-induced lung fibrosis has been well documented in adult patients with DTC treated with RAI,
particularly after high cumulative activities.

« Pediatric cases of lung fibrosis after RAI therapy are rare but have been reported, especially in children with
extensive pulmonary metastases and high cumulative RAI activities.

« Lungfibrosis often manifests years after treatment, with few cases reporting fatal outcomes in pediatric patients.
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Novel insights

«  This case represents the youngest reported patient who developed fatal lung fibrosis only 6 years after receiving

high cumulative activities of RAI for pediatric DTC.

+ Unlike most reported cases, where fibrosis appears after a prolonged latency, this patient developed severe
respiratory failure relatively soon after treatment, highlighting the need for even more cautious RAI dosing in

very young children.

*  The case underscores the critical need for the implementation of dosimetry in pediatric RAI therapy to minimize
the risk of radiation-induced complications while maintaining therapeutic efficacy.

Introduction

Differentiated thyroid carcinoma (DTC) in children, while
rare, typically has an excellent prognosis. However, the
treatment regimens, which include total thyroidectomy
and radioactive iodine (RAI) therapy, can lead to
significant long-term complications. This case report
discusses a young boy who succumbed to fatal lung
fibrosis 6 years after DTC diagnosis following multiple
courses of RAI treatment, underscoring the need for
careful consideration of treatment risks, especially in
very young patients.

Case report/case presentation

In 1995, a 3.0-year-old boy presented with cervical
lymphadenopathy, bilateral nodular goiter II, and
slightly elevated thyroid-stimunlating hormone (TSH)
levels with low-normal T4 levels. Under the suspicion
of an infectious cause of lymphadenopathy, antibiotic
treatment was administered several times and
levothyroxine therapy (50 pg per day) was initiated. Six
months later, both lymphadenopathy and thyroid
enlargement remained unchanged while thyroid
hormone levels were euthyroid under levothyroxine
intake. At the age of 3.6 years, diagnostic evaluations,
including fine-needle aspiration biopsy and thyroglobulin
testing (6790 ng/mL), determined the diagnosis of
papillary thyroid carcinoma (PTC). The patient
underwent a total thyroidectomy with central neck
dissection, followed by lateral neck dissection to
address the metastatic lymph nodes. Histopathological
evaluation confirmed PTC with multifocal disease and
extensive cervical lymph node metastases (pT4N2bM1
according to Union for International Cancer Control
1987 TNM classification).

Postoperatively, further diagnostics during the first RAI
therapy demonstrated a stimulated thyroglobulin level of
43.200 ng/mL and miliary lung metastases. The patient
subsequently received six courses of RAI therapy over
30 months due to persistently elevated thyroglobulin
levels, which showed a gradual decline during
treatment. Details on thyroglobulin levels and RAI
therapy are shown in Fig. 1.

The six RAI therapy cycles included administered
activities of 1500, 2000, 1000, 1500, 2000 and 2000 MBq,
respectively, cumulatively amounting to a lifetime
activity of 10 GBq *'I. While we lack details on the
planning method for therapy (e.g. dosimetry or fixed
activity), the administered activities in relation to body
weight are depicted in Fig. 1. Over time, the patient
developed progressive lung fibrosis, likely exacerbated
by repeated high-activity RAI treatments. At the time of
the second, third and fourth RAI therapy, his peak flow
was normal for his age. However, 2.75 years after the
sixth RAI therapy, he exhibited severe respiratory
compromise with a forced expiratory volume in 1 s
(FEV1) of 20%, a forced vital capacity (FVC) of 17%, and
an oxygen requirement of 4 liters per minute. A
therapeutic attempt was made with prednisone,
pentoxifylline and tocopherol, following the protocol
described by Delanian et al. (1). During the 6.7-year
follow-up  period  post-diagnosis, the  patient
experienced recurrent pneumonia, chronic respiratory
failure, pulmonary hypertension (mean pulmonary
artery pressure of 75-85 mm Hg), pulmonary heart
disease and progressive lung fibrosis. Unfortunately, at
the age of 10.3 years, the patient succumbed to
respiratory failure due to extensive lung fibrosis. Six
months before his death, his unstimulated
thyroglobulin level was 6 ng/mL.

The patient’s case was retrospectively registered with the
German Malignant Endocrine Tumors (GPOH-MET)
Registry (IRB 97-125 University of Luebeck, Germany).

TG Levels and RAIT Dosis over RAI Therapy Sessions

—e— TG unstimulal (ng/mL)
o~ TG stimulated (ng/mL)
\

RAIT dosis (MBa/kg)

40000

/
@
3

30000 \

o
o
3

TG levels (ng/mL)
/
RAIT dosis (MBa/kg)

20000 X

IS
S

10000 N
\

N
S

3 4
RAI Therapy Session

Figure 1

Thyroglobulin levels and RAI therapy activities over RAI therapy sessions.
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Discussion

This case underscores the nature of pediatric DTC and the
potential severe consequences of its treatment if
performed aggressively. While RAI therapy is effective
in managing metastatic thyroid carcinoma, it poses a
potential risk of long-term complications, particularly
in very young patients with developing tissues. The
occurrence of fatal lung fibrosis in this patient
demonstrates the need for a balanced approach in
managing high-risk pediatric DTC, weighing the
benefits of aggressive treatment against the potential
for very rare but serious life-threatening complications.

Radiation-induced lung fibrosis occurs through a cascade
of biochemical and inflammatory processes (2). The
initial radiation exposure causes direct and indirect
damage to cellular macromolecules, generating reactive
oxygen species such as superoxide and hydrogen
peroxide. This oxidative stress leads to DNA damage,
particularly double-strand breaks, which trigger a
series of cellular responses, including the release of
damage-associated molecular patterns and activation of
toll-like receptors (3, 4). The inflammatory response
involves the activation of inflammasomes and the
release of pro-inflammatory cytokines such as IL-1P
and IL-18, further promoting lung tissue damage and
fibrosis. The persistent inflammation and fibrosis result
in impaired lung function, which can be severe and
progressive (4, 5).

A historical study from the 1950s first identified radiation
pneumonitis and fibrosis as complications of RAI therapy
in adults with metastatic thyroid cancer (6). More recent
studies have reaffirmed these findings, noting that adults
who receive high cumulative activities of RAL especially
those with extensive pulmonary involvement, are at
increased risk of developing lung fibrosis (7, 8, 9, 10, 11).
A case report described an adult patient who required lung
transplantation due to severe fibrosis following extensive
RAI therapy for metastatic DTC (12).

A few studies and case reports have documented cases of
pediatric patients developing lung fibrosis following
multiple RAI treatments (13, 14, 15). One study
reviewed outcomes of children treated with RAI post-
Chernobyl, where 5 of 69 (7.2%) patients developed
lung fibrosis (5). Among these five patients, two had
additionally  received bleomycin, a lung-toxic
antineoplastic drug. One of those patients died of lung
fibrosis 17.5 years after therapy, including five courses of
RAI therapy in addition to the previous treatment with
bleomycin. In addition, two patients in this study showed
transient evidence of lung fibrosis on computed
tomography. Another study reported that 5 of 20 (25%)
patients with pulmonary metastases developed lung
fibrosis (14). All five patients had miliary pulmonary
metastases and had received high cumulative activities
of 1 (more than 3 GBq), resulting in subsequent
permanent complete remission. One report highlighted
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a pediatric patient who developed severe pulmonary
complications 3 months after one RAI therapy, leading
to significant fibrotic changes and chronic respiratory
distress despite anti-inflammatory treatments (15).
While lung fibrosis has been reported, especially in
children diagnosed with DTC at young ages, it is
typically diagnosed following a latency of many years.
Our case, however, represents the youngest patient
reported to date who succumbed to lung fibrosis only
6 years after RAI therapy.

Given the potential risks of RAI therapy, particularly the
risk of fatal lung fibrosis, it is crucial to tailor RAI therapy
carefully, especially in young patients (16). Reiners et al.
observed a continuous 35% yearly decline in median
thyroglobulin concentrations during the 10 years after
RAI therapy cessation in children with disseminated
pulmonary metastases and no progression of lung
metastases (17). Similarly, Biko et al reported that
pediatric patients from the Chernobyl collective with
Bl1refractory disease exhibited further declines in
thyroglobulin levels and '3'I uptake on diagnostic
whole-body scans over time, despite the absence of
additional RAI therapy (18). Importantly,
TSH-suppressive levothyroxine therapy was the
primary treatment after the refractory state was
established, emphasizing its role as a cornerstone in
the management of metastasized pediatric DTC. In
addition to optimizing treatment strategies to minimize
the cumulative risks of RAI therapy, careful monitoring
for adverse effects is equally important. Regular
pulmonary function monitoring between RAI therapy
cycles is essential to detect early signs of fibrosis. Early
identification of pulmonary impairment provides an
opportunity to adjust treatment and reduce the risk of
severe, irreversible damage. In our case, pulmonary
function was normal until the fourth RAI therapy, but
assessments were not conducted before the fifth and sixth
RAI therapies. Pulmonary function testing 2.3 years after
the sixth RAI therapy revealed significant deterioration,
with FEV1 at 20% and FVC at 17%. These findings
highlight the importance of consistent pulmonary
function monitoring between therapy cycles to catch
early signs of fibrosis, allowing for timely modification
of treatment strategies and potentially preventing life-
threatening complications.

Since 1962, there has been an approach to dosimetric
activity determination for RAI therapy, which is now
firmly established into everyday clinical practice, but at
the time of our case report, it was not performed on such a
regular basis (17). This dosimetric approach to estimate
the radiation exposure of organs at risk (bone marrow
and lungs in the case of disseminated metastases) is
fundamentally intended to minimize the risks of RAI
therapy while at the same time ensuring treatment
efficacy (17). The generally applicable threshold values
for this approach are an absorbed dose to red bone
marrow of 2 Gy (using blood as a surrogate), a whole-
body retention of less than 4.4 GBq at 48 h, and lung
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uptake in the presence of diffuse pulmonary metastases
of less than 3 GBq at 24 h to minimize the risk of damage
to bone marrow and pulmonary fibrosis (17). Meanwhile,
various protocols have been published on the
standardized procedure of dosimetry before RAI
therapy, for example, by the European Association of
Nuclear Medicine, as well as other reports, for example
on the performance of dosimetry using '?*I-PET/CT in
children (17).

In addition, advances in radioprotective agents and anti-
fibrotic therapies offer hope for mitigating the risk and
severity of radiation-induced lung damage (4, 19, 20).

To address these challenges, we recently established
a national reference center for RAI therapy in
children and adolescents with DTC. This center aims
to optimize treatment protocols, provide specialized
care and offer comprehensive follow-up for young
patients, thereby aiming to minimize the risk of
severe complications such as pulmonary fibrosis.
Through this initiative, we aim to improve long-term
outcomes and quality of life for pediatric patients with
thyroid carcinoma.

Conclusion

This case report highlights the critical need for a
balanced approach in the treatment of pediatric DTC,
recognizing the potential very rare but severe
complications of RAI therapy, such as pulmonary
fibrosis. In response to these challenges, a national
reference center for RAI therapy in children and
adolescents with DTC has been established.
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