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Abstract Objective We report our experience using
gamma knife radiosurgery (GKR) for brain metastasis from
thyroid cancer, which is extremely rare. Methods Between
1995 and 2007, 9 patients with 26 metastatic brain tumor(s)
from thyroid cancer underwent GKR. The mean patient age
was 58 years (range: 10-78). Seven patients had metasta-
ses from papillary thyroid cancer, and two from medullary
thyroid cancer. Five patients had solitary tumors, and four
patients had multiple metastases. Three patients who had
multiple metastases also underwent whole brain radiation
therapy (WBRT). The mean tumor volume was 2.4 cc
(range: 0.03-14.0). A median margin dose of 18.0 Gy
(range: 12-20) was delivered to the tumor margin. Results
Tumor control was obtained in 25 out of 26 tumors (96%).
The median progression-free period after GKR was
12 months (range: 4-53). The overall median survival after
GKR was 33 months (range: 5-54). There were no pro-
cedure-related complications and six patients are still living
5-54 months after GKR. Conclusions Radiosurgery is an
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GKR Gamma knife radiosurgery

MRI Magnetic resonance imaging

SPGR  Spoiled-Gradient Recalled Acquisition

in Steady State
SRS Stereotactic radiosurgery
WBRT Whole brain radiation therapy

Introduction

Stereotactic radiosurgery (SRS) for cerebral metastases is
associated with high local control rates [I-11]. Even
cerebral metastases considered resistant to whole brain
radiation therapy can be successfully treated with SRS [2,
12, 13]. The response rate may differ depending on the
tumor histology [9, 14]. Although thyroid cancer is a rel-
atively common malignancy that may metastasize within
the body, brain metastases from thyroid cancer are extre-
mely rare [15]. The reported incidence is approximately
1% of all cases of thyroid carcinoma [15-18]. There are
only rare reports on the management of cerebral metastases
from thyroid cancer [15, 17, 19]. The role of SRS has not
been defined for this pathology and only scattered cases
have been reported [20-22].

We retrospectively studied the outcomes of gamma
knife radiosurgery (GKR) for patients with cerebral

@ Springer



356 J Neurooncol (2009) 93:355-359

metastases from thyroid cancer. The purposes in this = 8
: 2 g S <€ 5 v v © vV O O
study were 1) to define the role and effectiveness of GKR £ 9 T E 222 2 2 2
. . . . . S53 | RRRIZDGIZE T T
for this rare type of brain metastasis and 2) to identify SIS AAA << <<
potential factors that affect tumor control after for GKR. >
o=
55
3 E
s E
. s
Patients and methods 5 % o n T % o0
xn O o <+ 0 A =
We first surveyed our total clinical experience using GKR 3
for brain metastases (N = 2639). Between 1995 and 2007 Qcéo
we managed nine patients with metastatic brain thyroid g
cancer. The mean age of these 9 patients was 58 years . B EE ‘g TEEEE
(range: 10-78), and there were six male and three females g T eS8 5S¢ @ETE
(Table 1). Seven patients had papillary thyroid cancer, and % = é é é g LS) LS) LS) LS) LS)
. . o
two had medullary thyroid cancer. The length of time
between initial thyroid cancer diagnosis and GKR varied g
from 6 months to 49 years (mean: 11.3 years). Previous é »
treatment for their primary as well as any known systemic '_g § o
invglvement began with thyroidectomy (N =9) and S % S22 ;? 22222 g
Todine-131 treatment (N = 6). S
At the time of GKR, seven patients had other organ é g
involvement including metastatic cancer in the lung, bone, = g -.§
. . . . - s
liver, or gastrointestinal tract. One patient first underwent 8 g =
craniotomy and resection of a metastatic papillary thyroid E 5 % ¥ =
. . . . g — — — — Q
cancer. The diagnosis of a metastatic brain cancer was “ 5 e e o e
diagnosed by contrast enhanced MRI or CT. Only one x| g £
. . . . .. M on .4 —_
patient was symptomatic (gait disturbance and ipsilateral Ol 52x )
hearing impairment) due to a cerebellar metastasis with z| 88 % ” - e a e =
. . . - 5 Q - &l () o (9] O O O O O >
extension into the cerebellopontine angle (case 2). SICER| > =22 &
Five patients had solitary cerebral metastasis at GKR, % _ I £
and four had multiple tumors. The total number of brain 8 = - o oo g
metatases managed initially was 21. Two patients under- § ? 2z E E, E, E, E 2 .‘_.‘;5
. s a
went a second radiosurgery when they developed new © g g 58583 8& 38|t
i i Tl.2 |28335823833|%
metastatic tumors, and, in one of them, one recurrent tumor AR 222222 2|E
was also irradiated. Three of four multiple metastatic S35 2 % % % % % % % % % °
patients also underwent fractionated whole brain radiation g £ E EEEBRFRFEER|S
o=
therapy (WBRT). 2| =g e
g8 s =
20z 4 o]
. : §|24%§ ®
Radiosurgery technique ElS 3 =
= > E; @
5 § E K © ©° S 2 !
The procedure began with rigid cranial fixation of an MRI EIEED | & - = 2
compatible Leksell stereotactic frame (Elekta Instruments, % _ o o 8
Atlanta, GA, USA) using local anesthetic scalp infiltration z|& e S|Ee
. . . 5% = E=E===== 2|8 ¥
(5% marcaine and 1% xylocaine), supplemented by mild % £ 23 EEEEEE3 = g
intravenous conscious sedation. For stereotactic targeting a o SEZA A A AEAEA = é £
3-D volume acquisition MRI using contrast-enhanced < | x 5 3
. . C e . =} ;
spoiled-Gradient Recalled Acquisition in Steady State = e 2222w 23 & g
(SPGR) images were acquired. For one patient, contrast CT g © 2z
. g S —= 0 O =~ ~ o o |4 &
was used because he had undergone bilateral stapes 21 L U -
replacement. One patient subsequently developed a new - . §o =
. s o ==
skull base metastasis and underwent a second GKR. All Ak c g
patients had intracranial tumor(s) that showed contrast E|EZ — Nt o~ waolAE

@ Springer



J Neurooncol (2009) 93:355-359

357

enhancement. A highly conformal and selective computer
dose plan (Leksell Gamma Plan®) was created.

A total number of 21 tumors were treated initially. During
follow-up, five new tumors were discovered and a second
GKR was performed. The locations of the tumors were
frontal (10), temporal (4), occipital (3), parietal (2), cere-
bellar hemisphere (4), cerebellar vermis (2), and clivus (1).

A total of 11 GKR procedures were performed for these
9 patients. The mean tumor volume was 2.4 cc (range:
0.03-14.0). A median margin dose of 18.0 Gy (range: 12—
20) was prescribed at the tumor border. All patients
received an intravenous dose of 40 mg of methylprednis-
olone at the conclusion of the procedure. The patients were
observed for several hours and then discharged the same
day. After GKR, all patients were followed with serial
contrast enhanced MRI scans, which were requested at 3-
month intervals.

Results
Imaging

After GKR, serial MRI evaluations were obtained in eight
patients, and PET-CT was performed in one patient not eli-
gible for MRI. The progression-free period after GKR varied
from 4 months to 53 months (median: 12.0). In this study,
we regarded tumor disappearance, reduction or no change in
volumes as ‘tumor control’. An increased in volume by more
than 20% was classified as ‘tumor progression’. Tumor
control was obtained in 25 out of 26 tumors (96%). None of
the treated tumors showed delayed hemorrhage (Fig. 1).

One tumor had delayed enlargement 45 months after
GKR and was successfully managed by repeat radiosur-
gery. At the time of last follow-up (8 months) tumor
control was maintained. Two patients underwent a second
GKR for new tumor development. During the follow-up
period, one small tumor showed minimal enlargement
(< 20% by volume) 18 months after GKR, but then sta-
bilized. The imaging changes were compatible with
delayed radiation effect.

Clinical results

Patient survival GKR varied from 5 to 54 months (median:
33). During this time, there were no procedure-related
complications. Adverse radiation effects were suspected in
one patient who had transient symptoms that resolved with
a short course of oral corticosteroids (case 1). The only
symptomatic patient showed improvement in his gait dis-
turbance (case 2).

The identified progression-free survival after GKR var-
ied from 4 months to 53 months (median: 12.0). Six

patients were alive at last follow-up. One patient died as a
result of pulmonary metastasis progression. The cause of
death was uncertain in two patients; however, their follow-
up brain images showed control of their brain tumors prior
to death.

Discussion

Although thyroid carcinoma is a relatively common
malignancy that often metastasizes to other organs, spread
to the brain is reported to occur in only 1% of patients [15—
18]. As care is improved in systemic disease management,
the potential for cerebral metastasis may become higher.
Chiu et al. [17] reported 47 patients with brain metastases
from thyroid cancer, but 23% had brain metastases dis-
covered at postmortem examination.

Few studies have reported clinical outcomes for patients
with metastatic thyroid brain cancer [15, 20, 22]. Surgical
resection has been reported to be associated with a favor-
able outcome for patients with solitary metastasis [17].
McWilliams et al. [15] reported 16 cases of cerebral
metastasis from thyroid cancer. They used GKR in four
patients in combination with other treatment modalities
such as resection, WBRT, and systemic Iodine-131. They
suggested that either resection or radiosurgery are poten-
tially beneficial [15].

In the present study, a high local control rate of 96% (25
out of 26 tumors) and prolonged progression free periods
(mean: 14.6 months) was achieved. The overall median
survival after GKR was 33 months with six of nine living
at the conclusion of the follow-up interval. In our patients,
GKR contributed to the high local control rates and longer
survivals. This study only included patients with papillary
and medullary thyroid cancers. None of our patients had
follicular or poorly differentiated cancers. The small tumor
volumes in this study (mean: 2.5 cc) often detected prior to
the onset of clinical symptoms, may also improve the
clinical outcome. Metastatic brain tumors with smaller
volumes have better tumor control, in part because higher
doses are feasible [9, 13].

Three patients underwent WBRT followed by GKR. In
this retrospective study, it is impossible to determine
whether WBRT provided additional benefits. In this
experience, the only tumor that failed in local control had
undergone both GKR and WBRT; this patient also devel-
oped new distant brain metastases despite WBRT.
Currently, we advocate primary GKR for patients with ten
or fewer metastases and add WBRT later if additional
multiple metastases develop and they are unsuitable for
repeat GKR. Because of the expectation for longer sur-
vival, we think it reasonable to defer WBRT in an attempt
to reduce the chance for associated cognitive late deficits.
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Fig. 1 a A Gadolinium (Gd)-
enhanced axial brain MRI
shows a small metastatic tumor
from thyroid papillary cancer in
the left frontal lobe. b Axial
poster shows gamma knife dose
planning at GKR. ¢ Follow-up
image 15 months after GKR
shows tumor regression (case 6)

Four cases of hemorrhagic thyroid brain metastases have
been reported [15, 23, 24]; all were from papillary cancers.
None of the patients in this series had initial or delayed
intratumoral hemorrhage.

Conclusion

GKR is valuable minimally invasive management strategy
for patients with cerebral metastasis from thyroid cancer.
Early detection using surveillance brain imaging facilitates
treatment when the tumors are small. In such cases higher
GKR doses enhance tumor control. We suspect that WBRT
has a limited role in the management of brain metastases
from thyroid cancer. Death is most likely caused by sys-
temic disease progression as GKR achieves control of brain
metastases in more than 90% of patients with thyroid
cancer of brain.
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