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SUMMARY

Background: Brain metastases arise in roughly 0.9% of all cases of differenti-
ated thyroid cancer. The median survival of adult patients with thyroid carcino-
ma that has metastasized to the brain is less than one year. Radioactive iodine
treatment is only rarely given because its efficacy is not documented. In
children, the situation may be different.

Case description: In 2005, a 15-year-old girl underwent thyroidectomy, and an
oxyphilic variant of papillary thyroid carcinoma was found in ectopic thyroid
tissue. The patient underwent oral, high-dose radioactive iodine treatment. The
post-therapeutic I-131 whole-body scan revealed multiple metastases in the
skeleton, lungs, and the soft tissues, along with physiological uptake of the
residual thyroid tissue. Magnetic resonance imaging of the head revealed two
brain metastases.

Course: When the initial treatment was completed, additional age-adapted
high-dose radioactive iodine treatment was given, up to a total activity level of
35 GBg. There followed a complete remission of all metastases in the brain,
bones, lungs, and soft tissues. Computed tomography of the chest revealed
stable residuals. Over the ensuing 7.5 years of follow-up, the thyroglobulin
values steadily declined to less than 2 ng/mL. The patient was asymptomatic at
her last follow-up in May 2013. She did not develop any delayed reaction to
high-dose radioactive iodine treatment (in particular, she did not develop
leukemia or any other secondary malignancy). She remained fertile: after
completion of the treatment, she had two healthy children.

Conclusion: In this patient with multifocal thyroid carcinoma, a rare entity,
radioactive iodine treatment was successful as the single treatment. This case
illustrates the point that a given therapeutic modality might succeed in an
individual case despite a total or near-total lack of efficacy for most patients in
the same situation.
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ifferentiated thyroid cancer (DTC), comprising

follicular and papillary carcinomas, is the most
common endocrine tumor. Despite the high percentage
of lymphatic and hematogenous metastases, treatment
outcomes are very favorable and, with 10-year survival
rates of more than 90%, DTC has an excellent progno-
sis (1-6). Moreover, high quality clinical trials have
brought about significant improvements in survival
rates among high-risk patients (7). These carcinomas
typically remain limited to the thyroid, with distant
metastases occurring in only a few patients. Distant
metastases with the most favorable prognosis are found
in the lungs, followed by bone metastases (8). The
survival rate among patients older than 45 years with
distant metastases has been shown to be lower than that
in the normal population (9).

Cerebral metastases remain a very rare complication,
occurring in 0.15-1.3% of patients with thyroid
carcinoma (10-12). They are located more frequently
in the hemispheres and only very rarely in the cerebel-
lum (13, 14) and pituitary gland (15, 16). These
metastases are usually asymptomatic, with only few
patients presenting with symptoms such as headache,
visual disturbances or ocular muscle weakness.
Intracranial metastatic disease is associated with a poor
prognosis and less than one year survival after
diagnosis (11, 17, 18).

The current international guidelines (ATA 2009)
recommend complete surgical resection of brain
metastases as the first-line treatment (19). If surgical
therapy is not feasible, alternative treatments to be dis-
cussed include radiotherapy, radioactive iodine (RAI)
therapy (provided sufficient concentration of RAI) or a
chemotherapy or biological therapy with tyrosin kinase
inhibitors within the framework of clinical studies. RAI
therapy is not commonly used for the treatment of brain
metastases, as there are few data supporting efficacy of
this approach.

For the purpose of his study, a literature search in
PubMed was conducted using the keywords “differenti-
ated thyroid cancer,” “radioiodine* and “brain meta-
stases* or “brain metastasis.” Only clinical studies and
case reports published between 1977 and 2012 which,
among other therapies, involved RAI for the treatment
of brain metastases were included in the analysis.
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Overview of the literature
mn Survival years)
Shen; 2012 (25) RAI + RS + sorafenib
Klubo-Gwiezdzinska; 2 RAI n.e. n.e.
2012 (30)
Miranda; 2010 (26) 1 RAI'+ OP + RTX + RS m 10
Walczyk; 2010 (31) 1 RAI'+ RTX ne. 2 poorly differentiated
thyroid carcinoma
Erem; 2004 (32) 1 OP + RTX + RAI s ne.
McWilliams; 4 2 0P +RAI s 1.5
2003 (33) 1 0P + RTX + RAI
10P +RS +RAI
Cha; 2000 (34) 1 OP + RAI + RTX + RS s >3
Misaki; 2000 (35) 9 4 RAI + RTX 5s 0.8 no significant
2RAI+RS 4m intracranial RAI uptake
2 OP +RAI
1 0P + RAI + RTX
Chiu; 1997 (11) 24 70P 1s 1 only 3/18 patients
(+ 8 post 13 RTX 12m with RAI uptake
mortem) 6 CTX
3RAI
Samuel; 1997 (18) 15 3 RAI 6s <05
in combination with OP, 9m
RTX and/or CTX
Biswal; 1994 (17) 5 2RTX +RAI S 2 died
1RTX 4 moand 7 yr, resp.,
1 0P +RTX + RAI after diagnosis; 3 are alive
1 0P +RAI 12-23 mo after treatment
Miyamoto; 1991 (36) 2 RAI ne. ne. no RAI uptake and
no response to treatment
Andrews; 1987 (37) 1 OP +RTX + RAI S 2.75
Krishnamurthy; 2 RAI ne. 2 cerebellum
1977 (24)

n, number of patients; s, solitary; m, multiple; n.e., not examined; RAI, radioactive iodine; OP, operation; RTX, radiotherapy; RS, gamma knife radiosurgery; CTX, chemotherapy

Furthermore, patients with skull or scalp metastases ex-
tending to the brain and patients with non-differentiated
thyroid cancer were excluded from the analysis. The
Table provides a summary of the literature review.

Case report

In October 2005, a 15-year-old Caucasian girl
presented with acute dyspnea and left thoracic pain of
two weeks’ duration. The chest radiograph revealed a
large retrosternal space-occupying lesion, shifting the
mediastinum to the right. The CT-guided biopsy could
not differentiate between thymoma and thymic
carcinoma. Subsequent combined positron emission
tomography/computed tomography (PET/CT) with
F-18 fluorodeoxyglucose (FDG) as well as magnetic
resonance imaging (MRI) of the head and the spine
revealed bifrontal brain metastases (4-5 mm), lesions
in two thoracic vertebral bodies, a suspicious submen-
tal space-occupying lesion with strong FDG uptake,
and multiple lung metastases. Because of the unusual

distribution of the metastases, a second biopsy of the
mediastinal tumors and an isolated pulmonary
metastasectomy were performed. While the diagnosis
of the thymoma was confirmed, unexpectedly a lung
metastasis of a (solid-type) papillary thyroid carcinoma
was found (Figure I). The patient’s past history
revealed that she underwent thyroidectomy to treat
congenital goiter on the day she was born (histology:
follicular adenoma) and a left hemithyroidectomy in
2002 for recurrent goiter (benign histology).

Thyroid scintigraphy revealed ectopic thyroid tissue
in the thyroglossal duct, correlating with the FDG-
concentrating submental space-occupying lesion on the
PET/CT scan. Both the ectopic thyroid tissue and the
thymoma were resected in 2005 because of local symp-
toms (WHO BI1). A papillary thyroid carcinoma,
oxyphilic type, was found in the ectopic thyroid tissue.
Furthermore, reference pathology confirmed the
diagnosis of a follicular-type and solid-type papillary
thyroid carcinoma in the thyroid tissue resected in 2002
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Figure 1: Histology of lung metastasis of papillary thyroid carcinoma

(

solid and microfollicular types; H&E) (a). Macroscopic view (H&E) (b),
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and immunohistochemistry of the specimen with significant expression of the specific tumor marker thyroglobulin (c). H&E, hematoxylin and eosin stain

(Figure 2). As the tissue samples obtained in 1990 were
no longer available, it was not possible to rule out a
congenital papillary thyroid carcinoma. The patient
then underwent an oral, age-adapted high-dose RAI
therapy (50 MBg/kg body weight [BW]) (20). The
post-therapeutic I-131 whole-body scan, including the
combination of single-photon emission computed
tomography/computed tomography (SPECT-CT) (from
head to pelvis), showed multi-focal metastases in the
skeletal system, including the skull, in the lungs and
soft tissues, as well as normal uptake in the remnant
thyroid tissue. Furthermore, the bifocal intracerebral
increases in RAI uptake correlated with the brain
metastases revealed by MRI (Figures 3 a, b).

The international guidelines recommend considering
percutaneous radiotherapy as well as glucocorticoid
therapy prior to RAI therapy of cerebral metastases to
prevent potential TSH-induced and inflammatory
swelling of the metastases. In view of the small size of
the tumors and the patient’s age, RAI therapy supported
by protective glucocorticoid treatment was started
without prior radiotherapy. This approach was agreed
upon in interdisciplinary discussions and written
consent of the patient’s parents was obtained.

A series of age-adapted high-dose RAI treatments
(100 MBg/kg BW) with a total activity of 35 GBq
achieved complete remission of all metastases in the
brain, skeletal system, lungs, and soft tissues (Figures 3
¢, d). The patient did not show any early reactions to the
treatment, such as painful local swelling of the thyroid,
the primary or its metastases, transient gastritis,
transient bone marrow changes with thrombocytopenia
and leucopenia, or RAI-induced sialadenitis. Likewise,
no neurological complications were observed at any
time. During the 7.5-year follow-up period, the chest
CT scans showed stable residual scars (maximum
diameter of 4 mm) with no correlate on 131-iodine
whole-body scintigraphy and FDG-PET. The patient’s
thyroglobulin levels continued to decline to <2 ng/mL.

At the last follow-up in May 2013, the patient was
symptom-free under TSH-suppressive L-thyroxine
therapy. The pulmonary changes visualized on the low-
dose chest CT scan remained constant (<4 mm) and the
patient continued to show no morphologic signs indica-
tive of cerebral or any other type of distant metastases.
Moreover, after completion of her treatment the patient
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gave birth to two healthy children. Potential late
sequelae  of repeated high-dose RAI therapy
(xerostomia, taste dysfunction, sicca syndrome, perma-
nent bone marrow depression, pulmonary fibrosis,
leukemia, and secondary malignancies) were not ob-
served during regular clinical and laboratory follow-up
examinations and pulmonary function tests.

A recent meta-analysis (n = 16 502) demonstrated a
minor increase in the relative risk of second malignan-
cy among patients after RAI therapy for thyroid cancer,
corresponding to the slightly increased incidence of
leukemias (21).

Discussion

Brain metastases are a rare complication of DTC, only
found in approx. 0.9% of patients while they are alive.
Median survival after diagnosis of brain metastasis is
typically less than 1 year (11, 18, 22). Since the
detection of brain metastases constitutes a negative
prognostic factor, it is crucial to tailor the treatment to
the special circumstances of the individual patient.
Surgery, radiotherapy, RAI therapy, and chemotherapy
are the treatment options described in the literature.
Traditionally, the mainstays of therapy have been
surgical resection and external beam radiotherapy. The
current management guidelines for patients with differ-
entiated thyroid cancer issued by the American Thyroid
Association recommend to consider, regardless of the
patient’s iodine avidity, a complete surgical resection of
the brain metastases, as this offers significant survival
benefits. Radiosurgery may be employed to limit radi-
ation exposure of the neighboring brain tissue. In cases
with multiple metastases, whole-brain and spine irradi-
ation could be considered (19).

So far, only few data are available demonstrating ef-
ficacy of RAI therapy. Some metastases, in particular
brain metastases, may be undifferentiated and conse-
quently show inadequate RAI uptake, precluding the
use of RAI therapy (23). However, in patients with in-
creased risk of perioperative complications or who are
considered unsuitable for surgery because of multifocal
metastatic disease, RAI therapy, as a monotherapy,
appears to be an attractive treatment alternative for
small-size cerebral metastases, as described above. It
can also be used in combination with other therapies,
where indicated.
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H&E, hematoxylin and eosin stain

The five larger studies in patients with brain metas-
tases will be discussed below in more detail. Chiu et al.
(11) reported on 24 pre-mortem and 8 post-mortem
cases of brain metastases of DTC. Median survival was
12.4 months after diagnosis of brain metastases.
Disease-specific mortality was 67%. Patients who
underwent surgical excision showed a median disease-
specific survival of 22 months, compared with 3.6
months in patients who did not undergo the procedure
(p <0.01). In contrast, neither external beam radio-
therapy nor chemotherapy appear to have any impact
on disease-specific survival. RAI uptake was rarely
observed. It was found in only 3 of 18 patients who
underwent a whole-body scan to assess RAI uptake.

Two of three patients developed neurological com-
plications after RAI therapy. In the patient without
neurological complications, a solitary metastasis had
been surgically removed prior to RAI therapy. Overall,
approx. 9% of patients with brain metastases of DTC
showed a disease-specific survival >36 months.
However, the study provides no information about what
differentiates these patients from those that died earlier.

Samuel et al. published a series of 15 patients with
brain metastases from well-differentiated thyroid
carcinoma (18). Except for 3 cases with unifocal brain
metastases, in all other cases extensive other metastases
were present in various combinations. In only 2
patients, RAI uptake was observed in the brain metas-
tases. However, 3 further patients were treated with
RAI because of iodine-concentrating metastases at
other anatomic locations. One of these patients
received additional chemotherapy, while 2 patients
underwent surgery. Of these two patients, one was
treated with adjuvant external beam radiotherapy. Two
patients died within 2 months after the manifestation of
brain metastases. One patient was still alive 18 months
after surgical resection of the brain metastasis.

In 1977, Krishnamurthy et al. presented a prospec-
tive study evaluating RAI therapy in 54 patients with
thyroid cancer (24). Two patients with cerebellar
metastases were treated with 6 and 14 GBq RAI,
respectively, without achieving complete ablation.

Both patients ultimately died of thyroid cancer within 2
years after the initial diagnosis.

The most recent study was the first to evaluate the
therapeutic effect of tyrosine-kinase inhibitors in a
patient with brain metastases from follicular thyroid
carcinoma (25). Shen et al. reported on a 56-year-old
patient who underwent thyroidectomy and RAI therapy
because of lung metastases. She developed right-sided
hemiplegia and other symptoms as the result of a 5-cm
lesion in the left parietal lobe. Radiosurgery with a total
dose of 28 Gy was unsuccessful. In contrast, the
patient’s signs and symptoms improved dramatically
and consistently after initiation of treatment with so-
rafenib. The partial response of the brain metastasis
was documented, using imaging studies, over a period
of more than a year. The authors concluded that a
targeted therapy, such as sorafenib treatment, could be
an effective alternative strategy for the treatment of
progressive brain metastases from DTC in cases where
surgery, external beam radiotherapy and RAI therapy
are not suitable or achieve poor results.

The by far longest survival of a patient with brain
metastases was reported by Miranda et al. (26). They
described the case of a 69-year-old patient with
multiple brain metastases from papillary thyroid carci-
noma who presented with progressive dizziness,
headache, and vomiting. Over a period of 10 years, the
patient received a total RAI activity of 44 GBq. In addi-
tion, the patient underwent partial surgical resection of
the brain metastases and whole-brain radiotherapy with
a dose of 44 Gy, followed by two gamma knife
radiosurgeries (15 Gy each). At the time of publication,
biochemical tests were unremarkable and the patient
continued to be asymptomatic. The authors concluded
that a combined approach comprising surgical excision,
RAI therapy, whole-brain radiotherapy, and gamma
knife radiosurgery was successful in treating brain
metastases from DTC.

In the rare case of a young female patient with
multifocal cerebral and extra-cerebral metastases with
sustained avidity for iodine reported here, an excellent
result was achieved after a single series of high-dose
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Figure 3: The first post-therapeutic I-131 whole-body scan shows multifocal metastases in the skel
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etal system, including the skull, in the lungs and soft tissues and

in the brain, in addition to normal uptake in the remnant thyroid tissue (a). Furthermore, bifrontal brain metastases are revealed by magnetic resonance imaging (MRI)
(b). (Reprint courtesy of the Institute of Clinical Radiology, University Hospital Miinster.) Following repeated RAI therapies (total dose of 35 GBg), complete remission of
all metastases in the brain, skeletal system and soft tissues was achieved (c/d)

RAI therapies and maintained over a follow-up period
of 7.5 years. Summarizing, a single high-dose RAI
therapy could be considered for the treatment of small
brain metastases, if surgery is contraindicated and
radiotherapy is to be avoided to minimize adverse
effects on the developing brains of children and adoles-
cents (27).

Conclusion

Thyroid carcinoma is a rare primary tumor in children
and adolescents. Treatment outcomes are favorable
despite a significant portion of lymphatic and hematog-
enous metastases (28, 29). The present case report
shows that there is always a chance to encounter tumor
patients who can be successfully treated with therapy
modalities that show no or only little effect in most
patients in the same situation.
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