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DIRK RADES!, STEFAN HUTTENLOCHER!, MARKUS DAHLKE!, DAGMAR HORNUNG?Z, OLIVER BLANCK?3,
PHAM VAN THAI#, NGO THUY TRANG?*, MAI TRONG KHOA* and STEVEN E. SCHILD?

IDepartment of Radiation Oncology, University of Liibeck, Liibeck, Germany;
’Department of Radiation Oncology, University Medical Center Eppendorf, Hamburg, Germany;
3CyberKnife Centre Northern Germany, Giistrow, Germany;

!Nuclear Medicine and Oncology Center, Bach Mai Hospital, Hanoi, Vietnam;
SDepartment of Radiation Oncology, Mayo Clinic, Scottsdale, AZ, U.S.A.

Abstract. Aim: Two dose groups of patients treated with
stereotactic radiosurgery (SRS) alone for 1-3 brain
metastases from non-small cell lung cancer (NSCLC) were
compared for outcomes. Patients and Methods: Based on the
SRS dose administered to the margins of the brain lesions,
46 patients were assigned to groups treated with 15-18 Gy
(n=13) or with 20 Gy (n=33). Seven additional factors were
investigated: age (<58 vs. 259 years), gender, Karnofsky
performance score (KPS 70-80 vs. 90-100), number of brain
metastases (1 vs. 2-3), histology (adenocarcinoma vs. other)
extracerebral metastases and interval from NSCLC diagnosis
to SRS (<6 vs. >6 months). Results: Local control rates for
15-18-Gy and 20-Gy groups were 75% and 92% at one year
(p=0.043). SRS dose was significant on multivariate analysis
(p=0.030). SRS dose was not associated with freedom from
new brain metastases (p=0.24) or survival (p=0.37).
Conclusion: SRS with 20 Gy resulted in better control of the
irradiated metastases than 15-18 Gy did.

Non-small cell lung cancer (NSCLC) is the most common
primary tumor leading to the development of brain metastases
in adult patients with cancer (7). Most of these patients have
multiple lesions and receive whole-brain radiotherapy
(WBRT) alone (2-4). However, a considerable proportion of
patients with brain metastases from NSCLC have a very
limited number of lesions and may benefit from more
intensive local treatment such as stereotactic radiosurgery
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(SRS) or neurosurgical resection (5, 6). Resection is usually
reserved for patients with one or two cerebral lesions (7, 8).
Radiosurgery, either alone or in combination with WBRT, is
widely used for one to three lesions (5). Several studies have
shown that the addition of WBRT to SRS results in better
intra-cerebral control but has no significant impact on survival
(9, 10). According to one randomized trial of 58 patients, the
cost of the positive effect on intracerebral control is worse
neurocognitive function (11). In that trial, the mean probability
of decline in learning and memory function at four months
was 52% in patients receiving SRS-plus-WBRT compared to
24% in patients receiving SRS-alone. In contrast, a prospective
study of 92 patients from a randomized trial of 132 patients
showed that neurocognitive function was better after WBRT-
plus-SRS than after SRS alone at one year and at two years
following treatment (12). This finding could be explained by
the significantly lower rate of intra-cerebral recurrences after
WBRT-plus-SRS (9). Because of these contradictory findings,
it is unclear whether patients with a very limited number of
brain metastases benefit from the addition of WBRT to SRS.
Therefore, a considerable number of these patients are treated
with SRS alone. However, when SRS alone is administered,
the optimal SRS dose is currently undefined. The optimal dose
may vary with respect to the type of primary tumor
responsible for the brain metastases. The present study
compared two dose levels of SRS alone, 15-18 Gy and 20 Gy,
with respect to treatment outcomes in patients with newly-
diagnosed brain metastases from NSCLC.

Patients and Methods

Patients and treatment approaches. Forty-six patients treated with
SRS alone for 1-3 newly-diagnosed brain metastases from NSCLC
between 1999 and 2012 were included in this retrospective study.
Forty-three patients received linear accelerator-based radiosurgery
and two patients CyberKnife radiosurgery. Two groups were
designated according to the dose given to the margin of the
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metastases (representing the 78% to 90% isodose level): equivalent
(alpha/beta=10 Gy) to 15-18 Gy (n=13) versus 20 Gy (n=33). The
difference regarding the SRS doses was due to the variation of dose
concepts at the contributing centers during the time the patients
were treated and the treating physician’s opinions.

Both dose groups were compared for local control of the
irradiated metastases, freedom from new brain metastases and
survival. In addition to the SRS dose, seven further potential
prognostic factors were investigated including age (<58 vs. =59
years, median age=58 years), gender, Karnofsky performance score
(KPS 70-60 vs. KPS 90-100), number of brain metastases (1 vs. 2-
3), histology (adenocarcinoma vs. other), extracranial metastases (no
vs. yes) and the interval from first diagnosis of NSCLC to SRS (<6
vs. >6 months). Patients’ characteristics of the dose groups are
shown in Table I.

Both dose groups were well balanced with respect to the other
seven potential prognostic factors. The median maximum diameters
of the lesions were 14 mm (range=2-28 mm) in the 15-18 Gy group
and 13 mm (range=3-30 mm) in the 20 Gy group, respectively. All
but three lesions, one in the 15-18 Gy group and two in the 20 Gy
group, were supratentorial.

Statistical considerations. The univariate analyses of local control,
freedom from new brain metastases and survival were performed
with the Kaplan—Meier method and the log-rank test (13). The
prognostic factors that were significant or showed a trend in the
univariate analysis (p<0.07) were included in a multivariate analysis
performed with the Cox hazards proportional model. Patients were
followed-up until death or for a median time of 13 months
(range=6-30 months) in patients alive at the last follow-up.

Results

The local control rates of the entire cohort at six months and
at one year following SRS were 87% and 79%, respectively.
In the univariate analysis, improved local control of the
irradiated metastases was significantly associated with a SRS
dose of 20 Gy (p<0.001) (Figure 1). An interval between
NSCLC diagnosis and SRS greater than six months was
associated with a trend towards better survival when
compared to an interval of six months or less (p=0.066). The
results of the univariate analysis of local control are
summarized in Table II. In the multivariate analysis of local
control, the SRS dose [risk ratio (RR)=4.50; 95% confidence
interval (CI)=1.16-21.74; p=0.030] and the interval between
NSCLC diagnosis and SRS (RR=4.34; 95% CI=1.02-22.41;
p=0.047) were significant.

For the entire cohort, the rates of freedom from new
metastases at six months and one year following SRS were
73% and 51%, respectively. In the univariate analysis of
freedom from new metastases, none of the investigated
potential prognostic factors, including SRS dose (p=0.24)
(Figure 1), was associated with outcome (Table III). Therefore,
a multivariate analysis was not performed for this endpoint.

For the entire cohort, the survival rates at six months and
one year following SRS were 70% and 58%, respectively. In
the univariate analysis, improved survival was associated
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Table 1. Patient characteristics of the dose groups 15-18 Gy and 20 Gy.

15-18 Gy 20 Gy p-Value
No. of patients No. of patients
(%) (%)

Age

<58 years 8 (62) 18 (55)

=59 years 5 (38) 15 (45) 0.93
Gender

Female 7 (54) 15 (45)

Male 6 (46) 18 (55) 0.92
Karnofsky performance score

KPS 70-80 7 (54) 17 (52)

KPS 90-100 6 (46) 16 (48) 0.98
Number of brain metastases

1 8 (62) 18 (55)

2-3 5 (38) 15 (45) 0.93
Histology

Adenocarcinoma 9 (69) 24 (73)

Other 4 (30D 9 (27) 0.97
Extracranial metastases

No 11 (85) 24 (73)

Yes 2 (15) 9 (27) 0.82
Interval from NSCLC
diagnosis to SRS

<6 Months 7 (54) 20 (61)

>6 Months 6 (46) 13 (39) 0.94

with absence of extracranial metastases (p=0.019) (Table
IV). The SRS dose was not significantly associated with
survival (p=0.37) (Figure 1). In the multivariate analysis of
survival, extracranial metastases (RR=2.55; 95% CI=1.09-
5.72; p=0.032) maintained significance.

Discussion

Patients with NSCLC represent about 40% of all patients
with cancer developing brain metastases (1). Many patients
with 1-3 brain metastases receive SRS either alone or in
combination with WBRT. Some physicians are hesitant to
add WBRT, since a small randomized trial has suggested that
this approach is associated with a higher rate of
neurocognitive dysfunction than SRS alone (11). When SRS
alone had been administered in prior studies, generally, the
median SRS dose plus the range of SRS doses were stated
and similar to those of the present study. However, the
optimal SRS dose is undefined.

In the present study, we compared SRS doses of 15-18 Gy
to a dose of 20 Gy given to the margins of the metastatic
lesions. Both dose groups were well-balanced with respect
to the other seven potential prognostic factors. The median
maximum diameters and the corresponding ranges were also
similar in both groups. These facts likely reduce the risk of a
hidden selection bias. However, due to the retrospective
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Figure 1. Comparison of the two dose groups, 15-18 Gy and 20 Gy, with
respect to local control of the irradiated metastases (A), freedom from
new brain metastases (B) and survival (C).

design of this study and the relatively small number of
patients included, such a bias cannot be completely excluded.

According to the findings of this study, a SRS dose of
20 Gy results in significantly better local control of the

Table 1I. Univariate analysis of local control of the irradiated
metastases.

Local control Local control p-Value

at six months at one year
(%) (%)

SRS dose

15-18 Gy 75 58

20 Gy 92 92 0.043
Age

<58 years 86 80

=59 years 87 76 0.70
Gender

Female 90 77

Male 83 83 0.44
Karnofsky Performance Score

KPS 70-80 84 75

KPS 90-100 89 81 0.35
Number of brain metastases

1 86 78

2-3 87 80 0.94
Histology

Adenocarcinoma 93 83

Others 68 68 0.14
Extracranial metastases

No 90 81

Yes 75 75 0.27
Interval from NSCLC
diagnosis to SRS

<6 Months 92 86

>6 Months 77 66 0.066

irradiated metastases than doses of 15-18 Gy. The finding
that a higher SRS dose is associated with better local control
agrees with the results of a previous retrospective study of
86 patients (14). In 2002, a retrospective study compared
<18 Gy/80%-isodose to =18 Gy/80%-isodose for local
control of 1 to =4 brain metastases from NSCLC. The
median follow-up in that study was six months. Local control
at six months was 80% in the entire cohort. Local control
rates were 57% after <18 Gy and 84% after =18 Gy
(p<0.01). However, 20% of the patients in that study
received WBRT in addition to SRS, which may have
influenced the results.

In the present study, freedom from new brain metastases
and survival were not significantly different in the dose
groups. This can be explained by the fact that more patients
of the 20 Gy group died from new brain metastases than did
those in the 15-18 Gy group. The rates of freedom from new
brain metastases at one year were 72% in the 15-18-Gy
group and only 41% in the 20-Gy group. The finding that the
local control rate in the 20 Gy group is more than two-fold
greater than the rate of freedom from new lesions supports
the concept that the addition of WBRT to SRS is of value.
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Table III. Univariate analysis of freedom from new brain metastases
(distant control).

Distant control Distant control p-Value

at six months  at one year
(%) (%)

SRS dose

15-18 Gy 92 72

20 Gy 65 41 0.24
Age

<58 years 76 55

=59 years 68 43 0.70
Gender

Female 67 43

Male 79 61 0.19
Karnofsky Performance Score

KPS 70-80 77 53

KPS 90-100 69 48 0.99
Number of brain metastases

1 73 60

2-3 73 39 0.29
Histology

Adenocarcinoma 68 41

Other 92 62 0.14
Extracranial metastases

No 78 52

Yes 64 64 0.33
Interval from NSCLC
diagnosis to SRS

<6 Months 73 43

>6 Months 75 64 0.36

This conclusion is strengthened by the fact that the higher
rate of new brain metastases in the 20-Gy group when
compared to the 15-18-Gy group led to a non-significantly
worse survival at one year in the 20-Gy group (52% vs. 68%
in the 15-18 Gy group).

In addition to the SRS dose, improved local control was
significantly associated with a longer interval (>6 months)
from the first diagnosis of NSCLC and SRS. Improved
survival was significantly associated with an absence of
extracranial metastases. Patients with adenocarcinoma
showed a trend towards improved survival when compared
to patients with other histologies in univariate analysis.

A positive association between treatment outcomes and a
longer interval from the diagnosis of NSCLC and SRS has
been previously reported (15). Extracranial metastases and
histology have also been recognized before as prognostic
factors for treatment outcomes for both NSCLC and small-
cell lung cancer (15-19). The results of the present study
agree with the literature.

In summary, this study suggests that a SRS dose of 20 Gy
is associated with improved local control when compared to
doses of 15-18 Gy. Freedom from new brain metastases and
survival were not significantly different in the two groups.
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Table IV. Univariate analysis of survival.

Survival Survival p-Value
at six months at one year
(%) (%)

SRS dose

15-18 Gy 85 68

20 Gy 64 52 0.37
Age

<58 years 69 61

=59 years 70 49 0.25
Gender

Female 77 62

Male 63 52 091
Karnofsky Performance Score

KPS 70-80 71 52

KPS 90-100 68 63 0.33
Number of brain metastases

1 73 59

2-3 65 53 0.85
Histology

Adenocarcinoma 76 65

Other 54 34 0.074
Extracranial metastases

No 71 67

Yes 45 24 0.019
Interval from NSCLC
diagnosis to SRS

<6 Months 78 64

>6 Months 58 47 0.29

The fact that many patients of the 20 Gy group died from
new brain metastases despite very good local control of the
irradiated metastases supports the addition of WBRT to SRS
in terms of achieving optimal control within the brain in
spite of controversy.
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