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Abstract

Introduction: Brain metastasis in differentiated thyroid cancer (DTC) is rare (frequency < 1%)
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and has a poor prognosis. Treatment strategies for brain metastasis are not well established.  » differentiated thyroid

Objectives: We conducted a retrospective analysis to identify predictive factors for patient
outcomes and verify surgical indications for patients with brain metastasis and DTC.
Methods: The study included 34 patients with pathologically confirmed DTC with brain
metastasis from March 2008 to November 2020. The associations between overall survival
(OS) and clinical factors were evaluated. Cox regression analysis was used to determine the
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relationship between clinical factors and OS. To assess the survival benefit of craniotomy,
Kaplan-Meier survival analysis was performed for each variable whose statistical

significance was determined by Cox regression analysis.

Results: The median OS of the entire patient sample was 11.4 months. Survival was affected
by the presence of lung metastasis (P = 0.033) and the number of brain metastases (n > 3)
(P =0.039). Only the subgroup with the number of brain metastases <3 showed statistical
significance in the subgroup analysis of survival benefit following craniotomy (P = 0.048).
Conclusions: The number of brain metastases and the existence of lung metastasis were
regarded more essential than other clinical factors in patients with DTC in this study.
Furthermore, craniotomies indicated a survival benefit only when the number of brain
metastases was <3. This finding could be beneficial in determining surgical indications in

thyroid cancer with brain metastasis.

Introduction

Patients with differentiated thyroid cancer (DTC) generally
have a good prognosis, even in cases of stage IV disease.
The 10-year disease-specific survival rate is 82.6%, which
is longer than that among patients with other carcinoma
types (1). However, 0.15-1.3% of patients with thyroid
cancer develop brain metastasis with a median survival

time of 4-33 months (2, 3, 4, 5, 6). The treatment options
for such patients include surgical resection, stereotactic
radiosurgery, and radiotherapy (7).

Surgical resection has been reported as an independent
factor associated with better outcomes (8). The major goals
of craniotomy for brain metastasis are tumor debulking,
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minimizing the vasogenic edema, relieving neurological
symptoms, securing local control of lesions, and
improving patient survival (OS) (9, 10, 11). Level 1 evidence
suggests that patients with a single brain metastasis have
improved outcomes with combined surgical resection and
whole-brain radiation therapy (12). However, in practice,
treatment modalities are often determined by the patient’s
clinical situation.

Circumstances among patients with thyroid
cancer brain metastasis (TCBM) can differ widely and
have unanticipated effects on treatment. This lack of
understanding impedes the determination of an optimal
therapeutic strategy for patients with TCBM, particularly
for craniotomy. This retrospective cross-sectional study
aimed to assess prognostic factors in patients with TCBM
and to identify the factors that influence the selection of
suitable patients for craniotomy.

Materials and methods

Patients

We included patients in whom DTC with brain metastasis
was diagnosed from March 2008 to November 2020 at our
institute. Patients with medullary or anaplastic thyroid
cancer were excluded from the study. Primary DTC was
pathologically confirmed in all study participants. Brain
metastasis was evaluated in patients with newly developed
neurologic and diagnostically confirmed
through MRI. Data on the following clinical factors were
collected: age, sex, time interval between diagnosis of
thyroid cancer and brain metastasis, Eastern Cognitive
Oncology Group (ECOG) performancescore (13), treatment
(radioactive iodine (RAI) therapy, tyrosine kinase inhibitor
(TKI), or radiotherapy), coexisting distant metastases
and their location, and radiologic characteristics of brain
metastasis observed on brain MRI (maximum diameter,
multiplicity, intratumoral hemorrhage, and number of
brain metastases).

Progressive thyroid cancer was preferentially treated
with RAI therapy; TKIs, including sorafenib or lenvatinib,
were administered when the cumulative RAI dose exceeded
600 mCi. Following the confirmation of brain metastasis,
a craniotomy was performed in the following situations:
(i) single metastasis with lesion size >1 cm; (ii) multiple
metastases with lesion >3 cm in size; or (iii) multiple
metastases with severe cerebral edema, or intratumoral
hemorrhage, causing neurologic deterioration (14).
Adjuvant systemic chemotherapy including TKI and

symptoms

radiotherapy was considered, and treatment was decided
based on each patient’s clinical status. The OS was measured
from the time when brain metastasis was diagnosed.

Statistical analyses

Age, ECOG performance status, and number of brain
metastases were converted into categorical variables
to facilitate clinical applications, as described in a
previous study (15). A Cox regression model was created
to implement univariate and multivariate analyses.
Univariate Cox regression analysis was performed to
identify statistically significant variables associated with
patient survival. These significant variables were analyzed
using a multivariate Cox regression analysis. Kaplan-
Meier (K-M) survival analysis was performed to verify the
statistically significant findings from the univariate and
multivariate regression analyses. Finally, a total of four
subgroups were created according to the number of brain
metastases and coexisting lung metastasis. The survival
benefit was assessed using K-M survival analysis in each
subgroup based on whether craniotomy was performed.
P value of <0.05 was considered statistically significant.
All statistical analyses were conducted using R Statistical
Software version 4.1.0 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Patient demographics

The demographic characteristics of the study population
are summarized in Table 1. A total of 34 patients (23
women) were included in the study. The median age at
which brain metastasis was detected was 69.1 (range, 39.9-
84.6) years. The median interval from initial thyroid cancer
diagnosis to discovery of brain metastasis was 121.7 (range,
2.3-381.7) months. Prior to brain metastasis, 13 patients
(38.2%) received TKI (sorafenib or lenvatinib), whereas no
patients underwent conventional cytotoxic chemotherapy.
At the time of brain metastasis, metastases to other organs
were detected in 27 patients (79.4%); of these, 25 (73.5%)
exhibited lung metastasis, while 16 (47.1%) patients showed
bone metastasis and 1 (2.9%) showed liver metastasis. The
most common site of brain metastasis was the frontal lobe
(19, 55.9%), followed by the cerebellum (11, 32.4%) and
temporal lobe (10, 29.4%). The median size of the brain
metastasis was 17.8 (range, 2.9-92.1) mm. At the time of
brain metastasis diagnosis, 23 patients (65.7%) had more
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Table 1 Patient demographics.

Characteristics

(n=34)

Age at diagnosis of BM, years, median (range)
Time from diagnosis of TC to BM, months, median (range)
Sex, female, n (%)
Overall survival, months, median (range)
Histology, n (%)

Papillary

Follicular
Location, n (%)

Frontal

Temporal

Parietal

Occipital

Cerebellum

Leptomeningeal seeding

Others
Tyrosine kinase inhibitor before BM, n (%)
Conventional cytotoxic agents before BM, n (%)
RAIl therapy before BM, n (%)
Distant metastasis at BM diagnosis, n (%)

Lung

Liver

Bone
BM multiplicity, n (%)
Maximum size of BM, mm, median (range)
Intratumoral hemorrhage at BM, n (%)
Craniotomy for BM, n (%)
Radiotherapy for BM, n (%)
Chemotherapy for BM (conventional or TKI), n (%)

69.1 (39.9-84.6)
121.7 (2.3-381.7)
23 (67.6)
11.4 (6.8-42.5)

30(88.2)
4(11.8)

19 (55.9)
10 (29.4)

)
4(11.8)
11 (32.4)
3(8.8)
3(8.8)
13(38.2)
0(0.0)
31(91.2)
27 (79.4)
25 (73.5)
1(2.9)
16 (47.1)
23 (67.6)
17.8 (2.9-92.1)
8 (23.5)
12(35.3)
18 (52.9)
13 (38.2)

BM, brain metastases; RAI, radioactive iodine; TC, thyroid cancer.

than 1 intracranial metastasis. Intratumoral hemorrhage
was observed in 8 patients (23.5%).

Clinical factors affecting survival

The median OS was 11.4 (range, 0.3-155.1) months (Fig. 1).
Only coexistence of lung metastasis (P = 0.002) and
number of brain metastases (n>3) (P = 0.025) showed
statistically significant values on the univariate Cox
regression analysis (Table 2). Age, ECOG, and coexisting
distant metastasis have been reported to be significant
factors affecting the patient OS but showed no significant
relationships in the context of this study (15). Only the
coexisting lung metastasis showed significant differences
in survival among distant metastases. Pathologic subtypes
(papillary vs non-papillary) and radiologic factors, such
as intratumoral hemorrhage or the diameter of the brain
metastasis, had no effect on survival among the variables
studied. The two significant factors identified in univariate
Cox regression analysis, coexisting lung metastasis and the
number of brain metastases, were used in multivariate Cox
regression analysis. Statistical significance was observed
in both coexisting lung metastasis and the number of

brain metastases (n >3), as in multivariate Cox regression
analysis. The hazard ratio for OS for each factor is as follows:
coexisting lung metastasis, 3.861 (1.118-13.338, P=0.033)
and number of brain metastases (n > 3), 2.743 (1.055-7.134,
P=0.039).

The coexisting lung metastasis, number of brain
metastases, and craniotomy were also observed to have
statistically significant effects on OS in K-M survival
analysis (Fig. 2). Patients with coexisting lung metastasis
had a median survival of 6.8 months, compared to 42.5
months for those without lung metastasis (P=0.015).
Patients with more than three brain metastases had a
median survival of 6.1 month, whereas those with three
or fewer brain metastases had a median survival of 21.0
month (P=0.020). Patients who underwent craniotomies
had a median survival time of 30.5 months, while those
who did not undergo a craniotomy had a median survival
time of 6.8 months (P=0.035).

Craniotomy

A craniotomy was performed in 12 patients with single
(n=7) and multiple (n=35) brain lesions (Table 3). Only
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in the subgroup that included patients with the number
of brain metastases < 3, craniotomy showed a statistically
significant survival benefit (P=0.048) (Fig. 3A). In this
subgroup, patients who underwent craniotomy had a
median survival of 42.47 months, and those who did
not undergo craniotomy had a median survival of 6.83
months. No other subgroups suggested any significant
benefits from the craniotomy (Fig. 3B, C and D). In the
subgroup of patients with brain metastases > 3, the patients
who underwent craniotomy showed a median survival of
6.8 months, which was more disadvantageous than the
median survival of 7.03 months in patients who did not
undergo craniotomy (P=0.95).

Discussion and conclusion

In this retrospective study, we evaluated the risk factors
for TCBM diagnosed in 34 patients from 2008 to 2020
and subsequently analyzed the data of 12 patients who
underwent craniotomy. The median OS was 11.4 months,
and the statistically significant variables in the Cox
regression analysis were the coexisting lung metastasis and
the number of brain metastases. However, age and ECOG
score, which were reported as risk factors in a previous
study, did not exhibit statistical significance in this study
(15). Furthermore, when the K-M survival analysis was used
to perform subgroup analysis for two variables that were

Table 2 Univariate and multivariate Cox regression analyses for each variable.

Univariate analysis

Multivariate analysis

Factors (P value) Hazard ratio (95% Cl) (P value) Hazard ratio (95% Cl)
Sex (male) 0.304 1.596 (0.655-3.891)

Age > 60 years 0.621 0.802 (0.336-1.919)

ECOG score >2 0.338 1.651 (0.592-4.604)

Pathology (non-papillary) 0.310 1.908 (0.548-6.641)

Prior chemotherapy 0.262 1.756 (0.656-4.7)

Prior RAI therapy 0.963 0.965 (0.216-4.307)

Coexisting lung metastasis 0.0022 4119 (1.196-14.18) 0.0332 3.861(1.118-13.338)
Coexisting distant metastasis 0.149 2.927 (0.680-12.6)

Number of BM (n > 3) 0.0252 3.007 (1.146-7.891) 0.0392 2.743 (1.055-7.134)
Maximum diameter of BM >3 cm 0.656 0.755 (0.218-2.603)

Intratumoral hemorrhage 0.232 1.799 (0.687-4.713)

ap<0.05.

BM, brain metastases; ECOG, European Clinical Oncology Group; RAI, radioactive iodine.
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Kaplan-Meier curves by each variable. Statistical significance is exhibited
in cases with presence of lung metastasis (P =0.015, A), the number of
brain metastases (n >3, P=0.02, B), and craniotomy (P = 0.035, C).

meaningfully identified through Cox regression analysis,
only patients with brain metastases <3 demonstrated a
clear survival benefit from craniotomy.

There have been various efforts to evaluate the
prognosis of brain metastasis. In 1997, Gaspar et al.
conducted a recursive partitioning analysis (RPA) of the
radiation therapy oncology group (RTOG) studies by
analyzing the data of 1200 patients (16). The analysis
showed that Karnofsky performance status score, primary
site status, age, and status of metastases to other organs were
factors that significantly impacted prognostic outcomes
in patients with brain metastasis; this was the basis for
categorizing patients into classes I, I, and III, with median
survival values of 7.1, 4.2, and 2.3 months, respectively
(16). In 2012, inheriting previous RPA analysis, a graded
prognostic assessment (GPA) system was published by
analyzing 1960 patients included in the RTOG database
(five randomized RTOG studies: protocol 7916, 8528,
8905, 9104, and 9508) (17). According to the GPA system,
patients were classified into four classes based on age,
performance status, the number of brain metastases, and
extracranial metastases; the OS was as follows: GPA 0-1, 2.6
months; GPA 1.5-2.5, 3.8 months; GPA 3, 6.9 months; and
GPA 3.5-4, 11.0 months. Recently, a prognostic prediction
system for cancers, including lung cancer, melanoma,
breast cancer, renal cell carcinoma, and gastrointestinal
cancer, was reported based on diagnosis-specific GPA
indices (18), which was later refined according to
biomolecular subtypes for some carcinomas (1, 19, 20).
However, these recent changes have not been applied
for the prognosis of patients with thyroid cancer. This is
probably due to the rarity of brain metastasis in thyroid
cancer, which makes analysis difficult.

Although there is clear level 1 evidence indicating
radiation therapy after surgical resection for well-
controlled primary cancer with a single metastatic brain
lesion, it is rare to encounter such an ideal situation in
clinical practice (12). The efficacy of surgical treatment
in this situation has not yet been objectively proven
beneficial to the patient. Bindal et al. demonstrated a
statistically significant survival benefit when all tumors
were surgically removed in multiple brain metastases,
compared to those with residual tumors and a similar
median survival to patients with a single metastasis (21).
Neurosurgical interventions are advantageous because
they can provide immediate results in cases of mass effects,
edema, and hemorrhagic presentation (9). In addition,
removal of the tumor through craniotomy has the effect of
cytoreduction, which allows for a rapid tapering of steroids
and less intensive follow-up (14).
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Survival benefit from craniotomy in each subgroup. (A) When the number of brain metastases (BM) was three or less, craniotomy provided a statistically
significant survival benefit (P = 0.048). (B) In the presence of more than three BMs, craniotomy showed no survival benefit (P = 0.95). (C) In the absence of
lung metastasis, craniotomy did not reach statistical significance (P = 0.53). (D) Craniotomy did not reach statistical significance in the presence of lung

metastasis (P =0.15).

integrative research using a larger study population and a
more comprehensive study design, such as meta-analysis,
would help validate these findings.

In conclusion, while patients with thyroid cancer
have a good prognosis, those with TCBM have a poor
prognosis with a short survival period. According to the
study findings, the factors affecting prognostic outcomes
are not directly analogous to the existing GPA system
and coexisting lung metastasis, and the number of
brain metastases is thought to be important for patient
survival. Furthermore, the number of brain metastases is
important in determining craniotomy candidacy and is
regarded as the prime clinical factor in determining the
therapeutic strategy.
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