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Gamma surgery for melanoma metastases in the brain
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Object. The aim of this study was to evaluate the usefulness and limitations of gamma surgery (GS) in the treatment
of brain metastases from melanoma.

Methods. Imaging and clinical outcomes in 45 patients treated for 92 brain metastases from melanoma between Oc-
tober 1989 and October 1999 were retrospectively analyzed. Follow-up imaging studies were available in 35 patients
with 66 treated lesions. Twenty-four percent of the lesions disappeared, 35% shrank, 23% remained unchanged, and
18% increased in size. No undue radiation-induced changes were observed in the surrounding brain. Clinical data were
available in all patients. No deaths or neurological morbidity related to GS was observed. The median survival time,
calculated using the Kaplan—Meier method, was 10.4 months from the time of GS. In both univariate and multivariate
Cox regression analyses, a single brain lesion and lack of visceral metastases were statistically predictive of a better
prognosis. Six of eight patients with solitary metastasis (that is, asingle brain metastasiswith no primary visceral tumor)
were still alive at the close of the study, none of them with disease progression, with afollow-up period ranging between
14 and 82 months. Sixteen patientsin this series received adjunctive whole-brain radiation therapy, which had no impact

on their survival time or local and distant control of the brain disease.
Conclusions. Gamma surgery is effective in treating melanoma metastases in the brain. It appears that the radiobiol-
ogy of asingle high dose overcomes the radioresistance barrier, yielding better results than fractionated radiation.
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over the decades, with annual rates in the United

States for 1990 to 1997 recorded at 12.4 per 100,000
persons, an annual increase of 2%. The associated death
rate in the same period was reported as 2.2 per 100,000 per-
sons, an annua increase of 0.1%.% Involvement of the CNS
is the cause of the death in approximately one third of all
patients,” athough brain metastases were found in up to
75% of casesat autopsy.*® The median survival timefor un-
treated patients with brain melanoma metastases is estimat-
ed to be less than 1 month. According to Sampson, et a.,*
survival can be prolonged up to 2 months by the use of cor-
ticosteroids.

The aim of the therapy in these patients is the palliation
of symptoms and prolongation of survival. Surgery,19.243.43
radiation therapy,'217343394 chemotherapy,®15 immuno-
tha‘apy121,32 and rmiOwrga'yl‘l.,la14,20,22,34,35,37,44 have a” been
used in the management of this disease. In single metasta:
tic tumors, surgery usually prolongs survival and improves

T HE incidence of melanoma has progressively risen

Abbreviations used in this paper: CNS = centra nervous system;
CT = computerized tomography; GS = gammasurgery; KPS = Kar-
nofsky Performance Scale; LINAC = linear accelerator; MR =
magnetic resonance; WBRT = whole-brain radiation therapy.
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the quality of life, although its use is limited to surgical-
ly resectable lesions in patients in good clinica condi-
tion.**>4 Unfortunately, the mortality and morbidity rates
associated with surgery are not negligible. Considering on-
ly the studies conducted in the CT era, postsurgical mor-
taity ranged from 5 to 10%, whereas associated morbidity
occurred in 18.7%.19%14 Whole-brain radiation therapy is
limited in its benefit by the relative radioresistance of these
tumors and the risks of radiation-induced complications
manifesting in the event of prolonged patient survival .24

Our am in this study was to anayze the results of a
consecutive series of 45 patients treated for 92 melanoma
metastasesin the brain at the Lars Leksell Center for Gam-
ma Surgery and to assess the utility and limitations of this
method in the management of these lesions.

Clinical Material and Methods
Patient Population

Between October 1989 and October 1999, 92 melanoma
metastases in the brain were treated with GS in 45 consec-
utive patients; 20 were women and 25 were men. The mean
age of the patients at the time of GS was 53 years (range
27-80 years, Table 1). The mean KPS score before GSwas
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TABLE 1
Patient population and treatment results in 45 cases of melanoma metastases in the brain*

Clinical Outcome

Tumor Presence on Imaging Studies

Median No. of Lesions
No. of Survival Disap- De- Un- In-
Characteristic Patients Death (mos) Treated W/ FU peared creased  changed creased

total 45 33 104 92 66 16 23 15 12
age

>50yrs 27 19 104 56 36 10 12 8 6

=50yrs 18 14 11.2 36 30 6 11 7 6
Ssex

male 25 19 11.0 49 32 8 11 9 4

female 20 14 7.7 43 34 8 12 6 8
no. of treatments

1 38 28 8.2 72 47 8 19 11 9

2-3 7 5 14.9 20 19 8 4 4 3
no. of brain metastases

single 23 13 145 30 24 5 10 5 4

multiple 22 20 7.6 62 42 1 13 10 8
KPS score

=80 36 26 14.3 73 56 15 16 14 1

<80 9 7 4.8 19 10 1 7 1 1
tumor location

infratentorial 11 10 7.9 31 21 4 5 9 3

supratentorial 34 23 11.0 61 45 12 18 6 9
visceral metastases

yes 28 23 7.9 59 43 8 19 9 7

no 17 10 13.2 33 23 8 4 6 5
WBRT

yes 16 13 7.9 43 28 7 8 6 7

no 29 20 13.2 49 38 9 15 9 5
previous surgery 13 9 10.6 28 21 6 6 5 4

* FU = follow up.

80 (range 60-100). Five patients were treated twice and
one thrice, resulting in a total of 52 treatment sessions.
Thirteen patients had previously undergone brain surgery,
16 had WBRT, and 16 underwent chemotherapy or immu-
notherapy. Nineteen patients were asymptomatic, 12 had
focal neurologica deficits, six had selzures, six presented
with headache, two with memory deficits, and one with
tremor.

Tumor Characteristics

Histological confirmation of the diagnosis was obtained
in 15 (33%) of 45 patients, in 13 by previous tumor remov-
al and in two by stereotactic biopsy sampling; in the rest
of the cases the diagnosis was presumptive based on the
presence of a known primary tumor. The mean volume of
tumors was 3.63 cm? (range 0.1-57 cm?®). The location of
the tumors was anterior frontal in 14%, posterior frontal in
18%, occipital in 18%, parietd in 15%, tempora in 13%,
cerebellar in 9%, thalamic in 3%, brainstem in 8%, and cli-
val and fifth crania nervein 1% each. In 23 patients single
metastases (that is, ametastatic deposit in the brain in addi-
tion to avisceral tumor) were treated, and in eight of these
the lesion was solitary (that is, it was asingle metastasisin
the brain with no visceral primary tumor). Evidence of in-
tratumoral hemorrhage was present in four cases. No lesion
was treated more than once.

Treatment Parameters
The GS was performed using the Leksell gamma unit
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(model U; Elekta Instruments, Inc., Norcross, GA). The
dose rate varied from a maximum of 3.66 Gy/minute to a
minimum of 1.59 Gy/minute. Treatment planning software,
which was continuoudly updated and approved by the Unit-
ed States Food and Drug Administration, was used. From
1989 to 1990, CT scanning was the only imaging modality
available. From 1991, MR imaging was used for the treat-
ment plan unless it was contraindicated. The mean maxi-
mum dose delivered was 45 Gy (range 30-80 Gy), and the
mean peripheral dose was 19 Gy (range 13-25 Gy). Lower
doseswere used when prior WBRT had been administered.
The average number of isocenters used was 1.9 (range
1-7). The prescription isodose varied from the 30% to the
50% line.

Follow-Up Evaluation

Clinical follow-up data were available in al 45 patients,
having been obtained by correspondence and/or verbal
communications with the referring physician and the pa
tients themselves. The diagnosis of a neurologicd or sys
temic cause of desth was based on the last clinical and
imaging data available. Imaging follow-up datawere avail-
ablein 35 patientswith 66 lesions. Five patients died before
they were scheduled for their first follow-up imaging ses-
sion, and in the other five cases the patient and the family
refused MR imaging because of the advanced systemic
disease. Software developed at the University of Virginia
based on a polygona area algorithm?® was used for volu-
metric assessment of outcome. This software allows esti-
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Fic. 1. Axia (upper left) and coronal (lower left) postcontrast
T,-weighted MR images obtained in a 50-year-old woman, demon-
strating a metastatic melanoma measuring 3.83 cm?® in volume in
theleft cavernous sinus, with extension to the Meckel cave and the
prepontine cistern. Follow-up contrast-enhanced T,-weighted axia
(upper right) and corona (lower right) MR images obtained 7
years later, demonstrating no evidence of residual tumor. The le-
sion was not visible after the 12-month follow-up studies. The pa
tient is in good health and is working full time at her usua occu-

pation.

mation of the tumor volume based on MR or CT studies
performed without a stereotactic frame. The margin of er-
ror is = 7% for lesions smaller than 1 cm?® and * 2% for
those with volumes larger than 1 cm?. Variations of more
than 10% in the size of the tumor were considered signif-
icant. The median follow-up period was 8.6 months, and
the 12 patients who were aive at the end of the study had
been followed for a median of 15.4 months (range 10-82
months).

Satistical Analysis

For the survival anadlysis, Kaplan-Meier curves were
used and the length of survival was measured in months
from the date of the first GS. Univariate and multivariate
Cox regression analyses were used to study the possible ef-
fects of eight independent variables on the length of surviv-
al. We used commercialy available software (SPSS, Inc.,
Chicago, IL) for statistical anaysis.

Results
Imaging Outcome
Of the 66 tumors in 35 patients in whom follow-up im-
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Fic. 2. Axid T,-weighted contrast-enhanced MR images ob-
tained in a 45-year-old man presenting with headaches and senso-
ry symptoms, demonstrating sensory strip melanoma metastases at
thetime of GS (left) and 6 monthslater (right). A small residual en-
hancement is seen that was not associated with metabolic activity
on fluorodeoxyglucose—positron emission tomography scanning.
The patient’s condition has improved and he continues an active
lifestyle. He was subsequently treated for two new brain metas-
tases.

ages were avallable, 16 lesions (24%) completely disap-
peared (Fig. 1), 23 (35%) shrank (Fig. 2), 15 (23%) re-
mained unchanged, and 12 (18%) increased in size. Of
the 23 tumors that decreased in size, six decreased more
than 75%, eight between 50 and 75%, and nine between 15
and 50%. In no case were undue radiation-induced changes
observed in the surrounding brain. In three cases hemor-
rhage was observed in the tumor on images obtained in the
follow-up period; however, none was symptomatic. In 13
patients, new lesions occurred in different locations in the
brain within a median follow-up period of 6 months; in
three the lesion was associated with intratumoral hemor-
rhage. Six patients were retreated with GS. Of the 16 pa-
tients who received WBRT before or after GS, follow-up
imaging was available in 10. In this group of patients, in
whom there were 28 tumors, seven lesions (25%) disap-
peared, eight (29%) decreased, six (21%) remained un-
changed, and seven (25%) increased in size.

Clinical Outcome

Twelve patients are dive at the end of our observation
period, with a median follow-up time of 15.4 months
(range 10-82 months). The other 33 patients died between
1 and 28 months posttreatment; in 27 cases (82%) the cause
of the death was the progression of systemic disease, and
six (18%) died of progression of CNS disease. No deaths
were related to GS. Of 26 patients with neurological symp-
toms at the time of GS, 10 improved and 16 remained un-
changed. Of the 19 asymptomatic patients, none devel oped
anew neurologica deficit related to GS. In one patient who
experienced headache 3 months after the treatment and an-
other with visua field deficit, MR images revealed hemor-
rhage in an untreated lesion.

The overal median length of survival in the 45 patients,
which was cal culated using the Kaplan—-Meier method, was
10.4 months from the time of GS (Fig. 3 upper left and Ta
ble 2), 13.1 months from the diagnosis of brain metastasis,
and 50.5 months from the diagnosis of primary skin mela-
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Fic. 3. Upper Left: Graph showing Kaplan—Meier plot of cumulative (cum) survival of the entire patient popul ation.
Upper Right: Graph showing Kaplan—Meler curve comparing surviva in patients with single (solid line) and multiple
(dashed line) brain metastases.  Lower Left: Graph showing Kaplan—-Meier curve comparing survival in patients with

KPS scores of 80 or more (solid line) and KPS scores less than 80 (dashed line).

Lower Right: Graph showing Kap-

lan—Meier curve comparing survival in patients without (solid line) and with visceral metastases (dashed line).

noma. The number of survivorsat 1, 2, and 5 yearswas 14
(31.1%), seven (15.6%), and two (4.4%), respectively. In
13 patients who underwent craniotomy before GS, the me-
dian surviva time was 11.5 months. The length of survival
in the 16 patients who received WBRT (13 before and 3
after GS) was 7.9 months. In 23 patients who presented
with asingle brain lesion at the time of thefirst GS, the sur-
vival time was 14.5 months, compared with 7.6 monthsin
the 22 patients with multiple lesions (Fig. 3 upper right).
Eight patients presented with a solitary metastasis, and six
of them are till alive, with follow-up periods ranging be-
tween 14 and 82 months and without signs of cerebra or
systemic progression. In nine patients with a KPS score of
less than 80, the median survival time was 4.8 months,
compared with 11.3 months in those with a KPS score of
80 or more (Fig. 3 lower left). The 11 patientswith infraten-
torial lesions at the time of GS survived for amedian of 7.9
months, compared with 11 monthsin patientswith only su-
pratentorial lesions.
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In a Cox univariate anadysis of eight variables (sex,
age > 50, KPS score < 80, single or multiple metastases,
infratentorial location, previous cranictomy, previous con-
ventional radiation therapy, and visceral metastases), fac-
tors associated with a better survival were single metastasis
(p = 0.0375) and absence of visceral metastases (p =
0.0029; Fig. 3 lower right). There was aso an evident, but
not statistically significant trend for better outcome in pa-
tients with KPS scores of 80 or greater and those with only
supratentorial metastases. In a Cox multivariate analysis,
single brain lesions (p = 0.031), absence of visceral metas-
tases (p = 0.0301), and aKPS score of 80 or less (p = 0.003)
were dtatigtically predictive of a better prognosis.

Discussion

Melanomas are considered to be relatively radioresistant
tumors;217% in vitro melanoma cells have been shown
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TABLE 3
Literature review of GSand LINAC radiosurgery in brain metastases from melanoma
No. of Patients No. of Lesions Tumor Presence (%) Median
Overall
W/ Single W/ FU Disappeared Un- In- Survival
Authors & Year TX Total Brain Met  Total Imaging or Decreased changed creased (mos)
Seung, et ., 1996 GS 40 13 97 77 T 23 1 8.2
Gieger, et al., 1997 LINAC 12 21 21 57t% 43t
Grob, et al., 1998 GS 35 17 56 98tt 2tt 7
Mori, et al., 1998 GS 60 36 118 72 55t 25t 10t 7
Lavine, et a., 1999 GS 45 18 93 328 7818 191§ 31§ 8
present study GS 45 23 92 66 59|| 23 18] 10.4

* Reported as 1-year actuarial freedom from progression. Abbreviation: met = metastasis.

T Based on linear measurement alone.

¥ Reported as tumor control.

§ Number and percentage relative to patients (not lesions).
|| Based on computerized volumetry.

from 12 to 82 months. Grob, et al.,** reported similar re-

sults. Fidler, et al.,*° observed ad ower growth rate and low-

er metastatic potentia in brain metastases from melanoma

compared with viscera metastases, indicating that brain

metastases do not always represent the last stage in the met-

gstatic cascade, and can develop directly from the primary
isease.

Multiple Brain Metastases

In multiple brain metastases the choice of trestment is
based on the clinical condition of the patients. In those with
a KPS score of lessthan 70, the presence of active systemic
disease, and aresultant low expectancy of survival, WBRT
can be considered to be the only salvage treatment.®! If the
patients are in good condition, GS may be used. We treat-
ed up to seven metastases in a single patient and up to five
metastases in a single GS session. Although some of these
patients have done well, the overall results have been mea-
ger. The median survival time of 22 patients with multiple
lesions was 7.2 months, compared with 12.2 months in 23
patients with single lesions.

Treatment With LINAC Radiosurgery

In the only series of brain metastases from melanoma
treated with LINAC radiosurgery that has been reported in
the literature (Table 3), 43% of the lesions showed enlarge-
ment after treatment,** compared with 18% reported in our
study and 3 to 23% reported in other GS series. 420223437

Comparison of GSWith Open Surgery

In selected patients surgical removal of brain metastases
from melanoma significantly improves the length of sur-
vival and qudlity of life, with median survival times of 6
to 10 months.*31* Open surgery eliminates the mass ef-
fect and removes the clot in hemorrhagic lesions. Hence, in
large lesions and in large intracrania hemorrhages, open
surgery is more appropriate than radiosurgery.® It is diffi-
cult to compare outcomes in surgical and GS series because
of the difference in tumor variables. In the surgical series
that were compared with this study, the patients presented
with single metastases in 83 to 85% of cases, few had in-
fratentorial, and practically none had brainstem metasta-
$es3% |n contrast, in our series 49% of tumors were mul-
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tiple, 24.4% were located infratentorialy, and 8% were
in the brainstem. The mean size of the lesion treated with
surgery is generaly larger compared with those treated
using radiosurgery.®** In Wronski and Arbit’s series® the
mean diameter of the tumors was 3.7 cm, and larger sizes
were not significantly correlated with a worse prognosis.
The mean diameter of lesionsin our study (1.94 cm, range
0.7-4.94 cm) is significantly smaller. Taking this fact into
consideration is important for a careful comparison of the
results of the surgical series with those obtained by us.

The median length of surviva and the survival rate at 1
and 2 years observed in our study do not differ significant-
ly from those found in recent surgica series (Table 2),
except in patients with infratentorial lesions, in whom sur-
viva was 7.6 months in our series compared with 2.1
months in the series reported by Wronski and Arbit.** On
the other hand, the risk of procedure-related complica-
tions and death are higher in surgical series®* Sampson
and colleagues™ report a22.4% incidence of increased neu-
rological deficit and an 8.4% rate of death or life-threaten-
ing morbidity. In the series reported by Wronski and Arbit,
neurological complications occurred in 18.7% of the pa-
tients, and 5.5% died within the 1st month postsurgery. In
our series no death was related to GS and only one patient
died in the 1st month; this death was due to progression
of systemic disease. No patient experienced neurological
complications related to the procedure, and in both patients
who devel oped new neurological deficits the cause was the
bleeding of an untreated lesion.

Role of Histological Confirmation

Histological confirmation of the diagnosis from surgica
specimens is another advantage of the open procedure.*
Although its necessity in patients with known primary can-
cer and the presence of brain lesons on MR imaging is
questionable,® the risk of diagnostic error in the absence of
histological studiesfor single brain lesions has been report-
ed to be as high as 10 to 15%.*?* In two thirds of our pa
tients with known primary melanoma and the presence of
single or multiple brain lesions, treatment was performed
without histological confirmation of the diagnoss. In the
remaining third, except for two patients who underwent
stereotactic biopsy procedures, tissue diagnosis was se-
cured at craniotomy. The rationales behind our conserva
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tive policy in using stereotactic biopsy sampling are as fol-
lows: 1) therisk of letha or severe complications with inci-
dences as high as 3%, with an additional 3% risk of mild
complications;*** and 2) therisk of tumor seeding along the
trgjectory of the needle.*®

Cost Effectiveness of GS

The median time of hospitalization reported by Wronski
and Arbit® was 14 days (7 daysin the patients treated more
recently). The patients in our series were hospitalized the
evening before the treatment and discharged the morning
after GS. In acomparison of costs and benefits between GS
and surgical resection for solitary brain metastasis, Rutigli-
ano and colleagues® concluded that radiosurgery hasalow-
er cost per procedure in uncomplicated cases, alower aver-
age cost attributable to complications, and alower total cost
per procedure.

Conclusions

Gamma surgery seems to overcome the problem of ra-
dioresistance occasionally observed in melanoma after con-
ventional radiotherapy. In retrospective unmatched trials,
survival times in patients treated with GS are comparable
with those in patients who undergo surgery, with less neu-
rological morbidity and practicaly no mortdity (Table 2).
The controversy about WBRT as an adjunct therapy re-
mains unsettled. The finding that a single brain metastasis
and absence of viscera lesionsis associated with better sur-
vival isnot surprising, nor isit unreasonable to state that pa-
tients with solitary brain lesions trested only with GS have
achance for cure, but both of these conclusions might seem
like truisms for any modality of therapy.
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