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Purpose: Older patients with brain metastases (BM) are often excluded from clinical trials. The aim of our study
was to investigate the outcomes following Gamma Knife radiosurgery (GKRS) in young old (65–74 years) and
very old (≥75 years) patients with BM.
Methods: Between October 2012 and October 2018, we treated 89 patients aged ≥65 years with GKRS. Patients
were divided in two group: young old (YO) and very old (VO) patients. At baseline G8, Graded Prognostic Assess-
ment (DS-GPA) and Basic Score for BrainMetastases (BSBM)were assessed for all patients. Survival analysiswas
estimated using the Kaplan-Meier (KM) method. Cox regression model was used to investigate the influence of
significant factors on KM.
Results: Median age at the time of GKRS was 72.2 years (range 65–87). A mean of 2.52 lesions were treated per
patient (range 1–14). Median overall survival (OS) for YO and VO patients was 14.2 and 15.7 months, respec-
tively. At univariate analysis, there were no significant differences in OS between the two age groups. A high
BSBM (p ≤ .0001) and a high DS-GPA score (p = .0069) were associated with longer survival. A low DS-GPA
score was the most powerful independent factor for predicting short survival (HR 1.76, 95% CI 1.25–2.46, p =
.001) at multivariate analysis.
Conclusion: GKRS is a safe approach to treat BM in elderly patients. DS-GPA score represents an important prog-
nostic factor for survival in elderly patients undergoing GKRS.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Brain metastases (BM) frequently occur in oncologic patients, and
certain cancers such as lung cancer, breast cancer, melanoma, and
renal cell carcinoma are associated with a higher risk. It is estimated
that about 30% of patients with cancer overall will develop BM [1].
Additionally, improved cancer detection methods using more sensitive
imaging modalities have increased the incidence rates of patients with
BM [2,3]. Nowadays, multidisciplinary approaches are tailored for indi-
vidual patientswith BM. Currently available therapeutic options include
surgical resection, whole-brain radiation therapy (WBRT) and stereo-
tactic radiosurgery [4], that emerged in the last years as a valid treat-
ment choice [5–8]. Older patients are often excluded from clinical
studies exploring this setting since they are more likely to present
ncology Department, Azienda
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with multiple comorbidities, restricted physiologic reserve, and poor
tolerance to certain therapies compared to younger patients. Several
prognostic indices have been proposed in the past years taking into ac-
count patients' performance status (PS), primary tumour and extracra-
nial disease control, and the total number of brain metastasis [9–13].
Age has been historically considered a prognostic factor by a vastmajor-
ity of these indices: RPA (recursive partitioning analysis classification
based on the Radiation Therapy Oncology Group database) [9], SIR
(score index for radiosurgery) [10], DS-GPA (Graded Prognostic Assess-
ment) [11]. On the other hand, Basic Score for Brain Metastases (BSBM)
and Diagnosis Specific-Graded Prognostic Assessment (DS-GPA) do not
consider age as a reliable prognostic factor for BM patients [12,13].

The aim of this study was to evaluate the outcomes of either young
old (65–74 years) and very old (≥75 years) patients who underwent
Gamma Knife radiosurgery (GKRS) to determine the relevant survival
factors in this population. Moreover, we aimed to assess the reliability
of currently available prognostic indices in an older population under-
going GKRS and evaluate the utility of Geriatric 8 (G8) screening tool
[14] in this subset of patients.
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Table 1
Population's main characteristics.

Variables Patients (%) Treatments (%)

Gender
M 58 (65.2%) 74 (70.5%)
F 31 (34.8%) 31 (29.5%)

Age
YO 65 (73.0%) 77 (73.3%)
VO 24 (26.7%) 28 (26.7%)

Primary tumour
NSCLC 56 (62.9%) 67 (63.8%)
RCC 10 (11.2%) 11 (10.5%)
Colorectal 6 (6.7%) 7 (6.7%)
Breast 5 (5.6%) 7 (6.7%)
Melanoma 7 (7.9%) 7 (6.7%)
Others 5 (5.6%) 6 (5.6%)

Previous Treatment
No 71 (79.8%)
Yes 18 (20.2%)

Stable Primary Tumour
No 23 (25.8%) 25 (23.8%)
Yes 66 (74.2%) 80 (76.2%)

Stable Extracranial Disease
No 43 (48.3%) 58 (55.2%)
Yes 46 (51.7%) 47 (54.8%)

DS-GPA
0–1 22 (24.7%) 24 (22.9%)
1.5–2 40 (45.0%) 42 (40%)
2.5–4 27 (30.3%) 39 (37.1%)

BSBM
1 18 (20.2%) 20 (19%)
2 42 (47.2%) 50 (47.7%)
3 29 (32.6%) 35 (33.3%)

G8
≥14 59 (66.3%) 69 (65.7%)
≤13 30 (33.7%) 36 (34.3%)

Corticosteroid Use
No/Unknown 25 (28.1%) 39 (37.2%)
Before GK 40 (45.0%) 41 (39%)
After GK 24 (27.0%) 25 (23.8%)

Total 89 105

YO: Young Old, VO: Very Old, NSCLC: Non Small Cell Lung Cancer, RCC: Renal Cell Cancer,
DS-GPA: diagnosis-specific graded prognostic assessment, BSBM: Basic Score for Brain
Metastases, G8: Geriatric 8 assessment tool, GK: GammaKnife.
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2. Patients and Methods

2.1. Ethical Approval

This study was approved by our local ethical committee (Area Vasta
Toscana Centro).

2.1.1. Patients' Characteristics
Between October 2012 and October 2018, we retrospectively

analysed data from 89 patients aged 65 years and older treated with
GKRS for BM at Radiation Oncology Department, University of Florence,
Italy. Selected patients were divided in two groups: young old
(65–74 years) and very old (≥75 years). At baseline G8, DS-GPA and
BSBM were assessed for every patient.

Radiosurgerywas performedwith a GammaKnife Perfexion (Elekta,
Inc., Stockholm, Sweden).

An assessment of theprimary tumour aswell as a restaging radiolog-
ical examination were performed before GKRS procedure with a com-
puted tomography (CT) and/or a positron emission tomography (PET)
scan, depending on clinical choice. GKRS for BM was preferentially ad-
ministered to patients with a controlled primary tumour and a stable
extracranial disease, defined as remission or stability, without any clin-
ical, laboratory or radiological finding suggestive for progression at
2 months before GKRS. However, in some cases, for those patients
with a good performance status, we considered radiosurgery as a valid
treatment option even in the presence of a non-controlled primary tu-
mour. Before GKRS, all patients performed a magnetic resonance imag-
ing (MRI) with intravenous gadolinium-based contrast not later than
30 days before treatment.

2.1.2. Radiosurgical Treatment
A Leksell stereotactic headframe was applied under local anaesthe-

sia. T1 MP-RAGE sequences with double-dose gadolinium-based con-
trast acquired at 1 mm slice thickness were used for the stereotactic
MRI, performed in the same day of treatment. At the Gamma Plan soft-
ware, the target was defined as the enhancing lesion. Tumour volume
was taken into account to decide the prescribeddose, anddose selection
criteria were mainly based on RTOG 9508 [15]: if more than one lesion
was treated, the total volumewas also considered aswell as the volume
of healthy brain receiving more than 10 Gy and the dose to 50% of the
brain b5.0 Gy [16].

2.1.3. Tumour Control and Follow Up
Time to events was measured from the date of GKRS to the date of

death, local and distant recurrence. Overall survival (OS) was calculated
from the day of radiosurgery to death or last follow-up. Patients who
died before experiencing a disease recurrence were considered cen-
sored at their dates of death. Local recurrence (LR) was defined as a ra-
diologic growth of the irradiated lesion, while distant brain recurrence
(DBR)was defined as the evidence of new brain lesions outside the pre-
vious irradiated field. Both the LR and DBR were calculated from the
GKRS until the day of radiological evidence of relapse.

During follow up, MRI was performed every 3 months or at neuro-
logical symptoms onset and included continuous thin-cut T1-
enhanced images as it was performed for GKRS. Leksell GammaPlan®
software's co-registration method was utilized in order to compare fol-
low up MRIs with planning MRI.

2.2. Statistical Analysis

The correlations between disease and patients' characteristics with
survival and local control outcomes were analysed. Events rates were
calculated according to the Kaplan–Meier method. The differences be-
tween groups were evaluated using the log-rank test. Univariate Cox
proportional regression model was used to obtain the hazard ratios
(HRs) for specific events. A multivariate Cox proportional regression
model was used to identify independent factors for specific events. All
two-sided p-values lower than 0.05 were considered statistically signif-
icant. The statistical analysis was performed through the use of
GraphPad PRISM statistical software v. 6.02 (GraphPad Software, La
Jolla, California, USA, www.graphpad.com).
3. Results

3.1. Patients' Data

From October 2012 to October 2018, 89 older patients underwent
GKRS for a total number of 105 treatments and overall 264 treated le-
sions (average of 2.52 BM per patient, range of 1–14). The majority of
patients were male (n = 58; 65.2%). Median age at the time of GKRS
was 72.2 years (range 65–87 years). In particular, the 73.3% of patients
were young old (YO) and the 26.7% very old (VO). Non-small cell lung
cancer (NSCLC) was the most frequent primary tumour (63.8%),
followed by renal carcinoma (10.5%). Overall mean follow-up was
9 months (range 3–63 months). Main patients' baseline characteristics
are summarized in Table 1. In 53 cases only one lesion was treated,
while in 16 cases more than 5 lesions were treated (Table 2). Eighteen
patients had received a previous treatment for BM: 9 neurosurgical ex-
cision, 8 WBRT, 1 neurosurgery plus WBRT. At baseline, G8 score was
≥14 in the 66% of cases, DS-GPA was comprised between 1.5 and 2 for
the 45% of patients and the mean BSBMwas 2. In all cases radiosurgery
was performed in single fraction. Amean overall dose of 22.1 Gy (range,
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Fig. 2. Kaplan-Meier showing PFS for YO and VO patients.

Table 2
GK treatments characteristics.

Number of GKRS treatments Patients (%)

1 73 (82.0%)
2 14 (15.7%)
3 2 (2.3%)
Total 89

Number of irradiated lesions Treatments (%)
1 53 (50.5%)
2 16 (15.2%)
3 10 (9.5%)
4 3 (2.9%)
5 7 (6.7%)
N5 16 (15.2%)
Total 105

GKRS: GammaKnife RadioSurgery.
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18–24 Gy) was delivered with an average isodose of 58.4% (range
45–90%).

3.2. Survival Analysis

Median OS for YO and VO patients was 14.2 and 15.7 months, re-
spectively (Fig. 1). At the time of analysis, 73 patients out of 89 had
died: 67 dues to extracranial disease progression, 2 to intracranial pro-
gression, 2 for myocardial infarction, 1 for stroke, 1 for gastric bleeding.
Median progression free survival (PFS) for YO and VO was 8.3 and
7.8 months, respectively (Fig. 2). The mean local recurrence free sur-
vival (LRFS) was 7.3 months for young old patients and 18.7 for old pa-
tients (there were only 3 events in this group). The distant relapse free
survival (DRFS) resulted in 7.7 months for YO patients and 6.4 months
for VO patients. At univariate analysis, there were no statistical differ-
ence in OS and PFS between the two age groups. Local disease progres-
sion occurred for 16 treated lesions on 264 (6.0%), distant intracranial
relapsewasdocumented for 38patients (42.7%).AhighBSBM(score≥3;
p ≤.0001) and a high DS-GPA (score ≥ 2.5; p= .0069)were significantly
associated with a longer survival (Figs. 3 and 4 and Table 3). At multi-
variate analysis, a low DS-GPA score was the most powerful indepen-
dent factor predicting short survival (HR 1.756, 95% CI 1.252–2.456,
p = .001). Moreover, on multivariate analysis, a controlled primary tu-
mour (p b .001, HR 0.328, 95% CI 0.180–0.596) was a significantly favor-
able prognostic factor (Table 3). G8 scorewas not a valid prognostic tool
for this population, since there were no differences in OS between pa-
tients with G8 ≥ 14 and G8 ≤ 13 (Fig. 5).

4. Discussion

The increase in life expectancy among industrialized countries
makes the study on the impact that newly advanced technologies,
such as radiosurgery, may have on older populations extremely crucial.
Fig. 1. Kaplan-Meier showing OS for YO and VO patients.
As amatter of fact, older patients are rarely represented in clinical stud-
ies, thus leaving to the Oncologist the hard decision of which is themost
appropriate treatment strategy for the above-mentioned group of pop-
ulation. This decision is evenmore complex in older patients with brain
metastases. For many years, WBRT (Whole Brain RadioTherapy) has
represented the main non-surgical therapeutic approach to this clinical
condition, regardless of the patient's age. In recent years, we have been
paying our attention on WBRT long-term effects; the survival of onco-
logical patients affected by solid tumour in advanced metastatic stage
has hugely improved lately thanks to the progress in systemic therapy
indeed. The main purpose of our investigation was to analyse the up-
front radiosurgery impact on older population (aged ≥65, according to
the WHO definition). We also aimed at examining the role of the most
commonly adopted scores in the neuro-oncological setting (BSBM, DS-
GPA), as well as the potential role of a geriatric evaluation carried out
through G8 scale. Selected older patients were also divided into two
groups (“young old” and “very old”) in order to highlight differences
in terms of survival. There were no statistically significant differences
between the two age groups, as the results showed. A high score
index for BSBMand a highDS-GPAwere associatedwith longer survival,
instead. DS-GPA score's great impactwas confirmed also atmultivariate
analysis, as well as the prognostic effectiveness of a controlled primary
tumour. Geriatric score G8 didn't prove as a valuable prognostic factor
in our population. We are not actually surprised at this event: since
that patients are strictly selected by a multidisciplinary team in order
to undergo GKRS, they are inevitably exposed to a selective bias which
leads to the selection of people with a proper performance status. The
total number of treatedmetastases cannot be considered as a prognostic
factor and its role has already been extensively discussed in literature
[8]. Published studies on the role of radiosurgery in older adults have
been extremely limited so far and only in a small part of them the role
of prognostic scores was considered. Minniti et al. [17] have reported
their experience with 102 patients aged ≥70 and all treated with radio-
surgery between 2007 and 2011 for 1–4 metastases. At a median
follow-up of 11 months, median OS was 13.2 months and median
time to distant intracranial recurrence was 10 months. By the end of
the study, most patients had died from extracranial progression of
Fig. 3. Kaplan-Meier showing the association of BSBM score with OS.



Fig. 5. Kaplan-Meier showing the association of G8 score with OS.
Fig. 4. Kaplan-Meier showing the association of DS-GPA score with OS.
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disease and only 9 locoregional recurrences were described. Yomo [18]
has reported his experiencewith a consecutive series of 106 over-eighty
patients exposed to radiosurgery. The 55% of the population had a single
metastasis and the whole population had amedian number of metasta-
ses of 2 (range 1–16). Median OSwas 7.1 months, with a one-year neu-
rological death rate of 12%. The authors concluded that a good
performance status (KPS ≥ 70), a controlled primary tumour and the fe-
male sex were all independent favorable survival factors. Roh et al. [19],
similarly to our experience, tried to identify survival and prognostic fac-
tors in a population aged ≥65 and treated with GKRS. One-hundred fif-
teen patients, with a median age of 72 years, were treated for 1–15
metastases (30 patients had only a single lesion). At a median follow-
up of 5months, median OSwas 5.3 months. At multivariate analysis, fe-
male sex and a controlled primary tumour were statistically significant
survival factors. Therefore, the authors concluded that female patients
aged ≥65 with a controlled primary tumour were the ideal candidates
for radiosurgery. Our experience significantly differs from what is re-
ported in literature. First, our patients were all evaluated in a multidis-
ciplinary setting by a team composed by a radiation oncologist and a
neurosurgeon with a relevant expertise in radiosurgical treatments.
All our patients were evaluated and stratified by means of prognostic
tools, whose effectiveness in older adults was examined, differently
from Minniti and his colleagues' experience. Yomo's work dwells only
upon a specific geriatric population, the over-eighty's, without further
stratification. Currently, Roh's experience is the closest to ours, consid-
ering both the exam population and the radiotherapy device used, and
therefore his work can be easily compared with our study. Our records
showed a clearly better result in terms of survival (14 months vs
4 months). The reason for such an important difference is hard to ex-
plain; in any case, it is appropriate to notice that the impact of EGFR-
gene mutation on patients affected by NSCLC has not been examined,
in contrast with the experience of our Korean colleagues. Surprisingly,
OS in Korean patients with EGFR-mutation is close to the OS in our pa-
tients (19 months vs 14 months). Besides, in Roh's work no prognostic
score was adopted in order to identify which patients could benefit
themost from radiosurgery. The use of themain scores in geriatric pop-
ulation has been examined only in a single published work so far, ac-
cording to our knowledge. Park et al. [20] have reported their
experience with a series of 145 patients (all aged ≥70) treated with ra-
diosurgery between 2004 and 2011. DS-GPA score proved as an impor-
tant prognostic factor in this population, similarly to the results
reported in our work.
Table 3
Significant independent prognostic factors for improved OS.

Parameters p-value

BSBM score ≥3 b0.0001
GPA score ≥2.5 0.0069
Controlled primary tumour b0.001

DS-GPA: diagnosis-specific graded prognostic assessment, BSBM: Basic
Score for Brain Metastases.
5. Conclusion

GKRS is a reasonable approach to treat patients aged 65 years and
olderwith BM, showing both survival benefit and toxicity profile similar
to those observed in younger adults. Prognostic Indices excluding age as
a detrimental factor are useful in selecting older patients for GKRS. DS-
GPA score at the time of GKRS represents a powerful prognostic factor
for survival in older patients undergoing radiosurgery.
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