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Aim To evaluate the efficacy of whole brain radiotherapy
(WBRT) with or without other treatments in patients (pts)
with 1-3 brain metastases (BM).

Materials and methods Toxicities and survival of 134
pts treated between 2009 and 2013 with WBRT alone (58
pts), WBRT plus surgery (SUR-WBRT: 42 pts) or WBRT
followed by stereotactic or integrated boost radiotherapy
(SRT-WBRT: 34 pts) were analyzed. Differences in toxicity
(acute and late) incidence and in overall (OS), disease-free
(DFS) and disease-specific survival (DSS) were evaluated
(% *-test, uni- and multivariate analysis).

Results Pts given intensified treatments (SUR- and SBRT-
WBRT) had better 3-month local response compared to
WBRT alone group (p < 0.045). Better 1-year local control
was evident only in SRT-WBRT pts (p < 0.035). Univari-
ate OS analysis confirmed, as favorable prognostic factors,
RPA class I (p < 0.001), GPA class III and IV (p < 0.001),
single metastasis (p = 0.045), stable primary disease
(p = 0.03), intensified treatment (p = 0.000), systemic
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therapy after radiotherapy (p = 0.04) and response of met-
astatic lesions (p = 0.002). At multivariate analysis, OS
was better in RPA class I pts (p = 0.002), who had more
aggressive radiotherapy treatments (p = 0.001), chemo-
therapy after radiotherapy (p < 0.001) and response to RT
(p = 0.003). Response to radiotherapy (p = 0.002) and
BM number (p < 0.001) resulted independently prognostic
for DFS. About 60 % of patients had mild acute toxicity
(G1), especially headache (51 %) and fatigue (34 %); only
2 patients (2 %) had severe (G3) headache and 5 patients
(4 %) severe fatigue (G3) reversible with oral steroids. No
differences were evident between the different treatment
groups. Among 80 pts followed up with MRI, 12 (15 %)
had leukoencephalopathy (equally distributed across sub-
groups) and 5 (6 %) radionecroses, 4/5 asymptomatic, 5/5
in pts given intensified treatments.

Conclusions This analysis confirms the known prognostic
factors for BM, emphasizing the importance of intensified
treatments in a population with favorable features.

Keywords Brain metastases - Radiotherapy - Prognostic
factors - Survival - Stereotactic radiotherapy - Surgery

Introduction

Historically, the treatment of brain metastases entailed the
use of exclusive whole brain radiotherapy (WBRT), to treat
the sites of disease and to prevent the recurrence in other
cerebral areas [1, 2]. Currently, this method appears to be
the standard for patients with multiple brain metastases
(BM). Instead, patients with 1-3 BM are often amenable
to treatments alternative or integrated with WBRT such as
surgery, stereotactic radiosurgery or concomitant fraction-
ated integrated boost (SIB) [3]. The therapeutic choice is
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conditioned not only by the number of brain lesions but
also by other prognostic factors: performance status, age,
absence of extracranial metastases and control of pri-
mary tumor. These prognostic factors are all present in the
Graded Prognostic Assessment (GPA) classification [4],
whereas in the Recursive Partitioning Analysis (RPA) clas-
sification [5] the number of lesions is not considered.

The end-point of the study has been to evaluate the
toxicities and survival in a retrospective series of 134
patients affected by 1-3 brain metastases and treated with
three different modalities: WBRT alone (WBRT), sur-
gery plus WBRT (SUR-WBRT) and stereotactic boost or
simultaneous integrated boost radiotherapy plus WBRT
(SRT-WBRT).

Materials and methods

From January 2009 to December 2013, 134 patients with
1-3 brain metastases, good performance status and stable
primary disease or asymptomatic synchronous primary
tumor were consecutively treated at the Radiation Oncol-
ogy Department, Spedali Civili, Brescia University.

Whole brain radiotherapy was delivered with two par-
allel opposite fields and standard doses (3 Gy/fraction for
10 fractions or 4 Gy/fraction for 5 fractions); patients were
immobilized with a 3-point thermoplastic mask (WBRT
and SUR-WBRT).

Stereotactic radiotherapy was provided with Tomo-
therapy©, with a single dose defined according to the vol-
ume to be treated as per RTOG protocol 90-05 (SRS) [6].
The single fraction stereotactic radiotherapy was delivered
30-45 days after WBRT. Patients treated with WBRT and
concomitant integrated boost were also treated with Tomo-
therapy© in 10 fractions: for each fraction, 3 Gy were given
to whole brain and 4.5 Gy to the metastatic site(s). Both
the subsets of patients in this group (SRT-WBRT) were
immobilized with a 5-point thermoplastic mask; the tar-
get definition was done after co-registration of brain mag-
netic resonance imaging (T1 contrast-enhanced sequence)
with planning CT and GTV was expanded directly to PTV
(3 mm-isotropic expansion).

The toxicity was considered acute if detected in the
period between the start of radiotherapy up to 30 days
after the end of the treatment, while late toxicity was
registered from 90 days after the end of treatment until
the last follow-up visit. Headache, nausea, vomiting and
fatigue were considered acute toxicity and were classi-
fied according to the CTCAE v4.0 classification. The late
toxicity, in terms of incidence of leukoencephalopathy
and radiation necrosis, was evaluated only for patients
who had neuroradiological follow-up with MRI (80
patients—60 %).

Local response and the pattern of local recurrence in the
metastatic sites were evaluated at 3 and 12 months and cor-
related with treatment modalities, using Chi-square test.
Overall survival (OS), “neurologic” disease-specific sur-
vival (DSS) and “neurologic” disease-free survival (DFS)
were analyzed and compared, for the three treatment
groups. The following events were considered to define,
respectively, the three survival endpoints: death (OS), death
caused by brain metastases (DSS) and brain disease pro-
gression (DFS).

Univariate analysis was done using the Kaplan—Meier
estimator (log-rank test). Then the factors linked with sig-
nificant differences in outcome at univariate analysis were
entered into the multivariate stepwise Cox proportional
hazard ratio model, along with the variables judged to be
clinically relevant. Statistical analyses were obtained using
the proprietary software SPSS17.0; a p value <0.05 was
considered statistically significant.

Results

The characteristics of patients and disease are shown in
Table 1.

In our series, 58 patients underwent WBRT alone, 42
surgery and radiotherapy (SUR-WBRT) and 34 more non-
surgical patients had WBRT and concurrent (21 patients)
or sequential (13 patients) boost on the disease sites
(SRT-WBRT).

The primary tumor type was lung adenocarcinoma in the
majority of patients (58 %), breast cancer and melanoma
contributed for 15 % each; different cancer types consti-
tuted the remaining 26 %. No differences in BM treatment
modality according to the site of primary tumor were evi-
dent. In the whole series, about two-thirds of the patients
had the diagnosis of brain metastases at the same time or
within 1 year from that of the primary tumor (42 and 15 %,
respectively); 32 and 11 % of them, respectively, from 1 to
5 years and more than 5 years after primary tumor diagno-
sis. No differences in BM treatment modality according to
the time of onset of brain metastases were evident.

Although the patients of this series were selected accord-
ing to the same criteria, those subjected to intensified treat-
ments (SRT-WBRT and SUR-WBRT) had a significantly
better performance status (p = 0.014) and, consequently,
better RPA (p < 0.001) and GPA (p < 0.001) classes. They
were also more frequently submitted to MRI at diagnosis
(SUR-WBRT: 39 pts—93 %; SRT-WBRT: 34 pts—100 %;
WBRT: 20 pts—34 %; p < 0.001). No differences were reg-
istered in the number of comorbidities and in the number of
metastases among the different groups.

The patients in the surgery group had more fre-
quent (95 %) clinical symptoms at onset (seizures,
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Table 1 Patients and disease characteristics

WBRT SUR-WBRT SRT-WBRT n  p&x?d
IK
100-90 6 (10 %) 13 (31 %) 8 (24 %) 27 0.014
80-70 50 (88 %) 25 (60 %) 22 (65 %) 97
<60 22 %) 49 %) 4 (12 %) 10
RPA
I 0 15 (36 %) 6 (18 %) 21  <0.001
I 56 (98 %) 23 (55 %) 24 (71 %) 103
11 22 %) 49 %) 4 (12 %) 10
GPA
v 0 8 (19 %) 2 (6 %) 10 <0.001
I 6 (10 %) 13 (31 %) 515 %) 24
I 38 (66 %) 18 (43 %) 21 (62 %) 77
I 14 (24 %) 3(7 %) 6 (18 %) 23
Comorbidities
No 21 (36 %) 24 (57 %) 12 (35 %) 55 ns.
Yes 37 (64 %) 18 (43 %) 22 (65 %) 77
Symptoms
No 26 (45 %) 2(5 %) 14 (41 %) 42 <0.001
Yes 32 (55 %) 40 (95 %) 20 (59 %) 92
Number of metastases
1 34 (59 %) 34 (82 %) 24 (71 %) 92 ns.
2 2035%) 409 %) 8 (24 %) 32
3 4(6 %) 49 %) 2 (5 %) 10
Imaging
CT 38 (66 %) 12 %) 79 %) 42 <0.001
MRI 12 %) 2(5 %) 10 (29 %) 13
Both 19 24 %) 39 (93 %) 21 (62 %) 79
Chemotherapy after radiotherapy
No 28 (48 %) 22 (52 %) 721 %) 57 0.035
Yes 30 (52 %) 29 (48 %) 27 (79 %) 77

headache, motor or balance disorders) than those
treated with radiation alone (WBRT—55 %—or SRT-
WBRT—59 %—, p < 0.001). Patients in the SRT-
WBRT group had systemic treatments for the primary
tumor after radiotherapy more frequently (79 %) than

those in the SUR-WBRT (48 %) and WBRT (52 %)
groups (p = 0.035).

The total and fractional doses given for each treatment
modality are shown in Table 2.

About 60 % of patients had mild acute toxicity (Gl),
especially headache (51 %) and fatigue (34 %); only 2
patients (2 %) had severe (G3) headache and 5 patients
(4 %) severe fatigue (G3). All these symptoms subsided
with the use of oral steroid and (1 case only) of osmotic
diuretics. No differences in toxicity incidence were found
according to treatment modality.

Late toxicity was evaluated in the group of 80 patients
submitted to brain MRI in the follow-up (SRT-WBRT,
n = 34; SUR-WBRT, n = 30; WBRT, n = 16).

Twelve cases (15 %) of leukoencephalopathy (G1) and
5 cases (6 %) of radiation necrosis were identified: all
the leukoencephalopathies were diagnosed with MRI in
asymptomatic patients and were equally distributed in the
three treatment groups (p = ns). Only one case of radiation
necrosis was submitted to surgical removal (SUR-WBRT
group), the other four having been diagnosed with MRI in
asymptomatic patients (they were all in the SRT-WBRT
group). Leukoencephalopathy was defined as asympto-
matic because detected during routine neuroradiological
evaluation. No patients were submitted to MRI because of
clinical worsening.

Some of these patients, especially in the more recent
times, had neurocognitive assessment, but because of the
retrospective nature of the study, it has not been reported
and was not considered as an end-point of our analysis.

Response to treatment 3 months after the end of radio-
therapy was significantly better in patients treated with
intensified treatment compared to those treated with WBRT
alone, with a greater number of complete or subtotal partial
responses (p = 0.045, Table 3).

After one year from the end of treatment a better local
control was evident only in patients treated with sequential
or concurrent boost (p = 0.035, Table 3).

Overall survival was 58 % at 6 months and 36 % at
12 months; DFS was respectively 72 and 49 % at the same
time intervals after radiotherapy.

Table 2 Radiation total and fractional doses according to treatment modality

Total dose (Gy)

WBRT 30
20

SRT-WBRT
Sequential stereotactic radiotherapy (after WBRT) 15
18
21

WBRT/simultaneous integrated boost 30/45

Dose/fraction (Gy) WBRT SUR-WBRT SRT-WBRT n
33 35 34 102 134
25 7 0 32
- - 10 10 34
- - 1
- - 2 2
3/4.5 - - 21 21

WBRT whole brain radiotherapy, SRT stereotactic radiotherapy (alone or integrated with WBRT)
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Table 3 Local control according to treatment modality

WBRT  SUR-WBRT SRT-WBRT n P (x?
Response to treatment (after 3 months)
Complete/par- 25 (43 %) 35 (83 %) 26 (77 %) 86 0.045
tial response
Stable disease 26 (45 %) 0O 8 (23 %) 34
Progression 712 %) 717 %) 0 14
Local progression (12 months)
No 46 (79 %) 20 (67 %) 3191 %) 105 0.035
Yes 12 (21 %) 14 (33 %) 3 (95) 21

Univariate analysis confirmed, as favorable prognos-
tic factors for overall survival, RPA class I (p < 0.001),
GPA class III and IV (p < 0.001), single metastasis
(p = 0.045), stable primary disease (no other metas-
tases or other stable metastases before brain progres-
sion) (p = 0.03), intensified treatment compared to
WBRT alone (p < 0.001), systemic therapy after radio-
therapy (p = 0.04), obtaining a complete or subtotal
partial response of metastatic lesions after radiotherapy
(p = 0.002) and having a primary tumor different from
lung cancer (p = 0.035).

In the WBRT group the use of standard fractionation
(30 Gy in 10 fractions) compared to “short course” treat-
ment (20 Gy in 5 fractions) resulted in similar OS.

As far as DSS univariate analysis is concerned, the use
of chemotherapy after radiotherapy (p = 0.05), a good
response to treatment (p = 0.009) and a primary tumor
different from lung cancer (p = 0.05) were confirmed as
favorable prognostic factors.

The only favorable prognostic factor for DFS at univari-
ate analysis resulted to be the presence of a single brain
lesion at diagnosis (p < 0.001).

Since the clinical features of the three treatment groups
were not homogeneous, we performed a subgroup analy-
sis limited to patients belonging to RPA class II (n = 105):
the intensified treatments resulted again related to a bet-
ter overall survival compared to WBRT alone (p < 0.001).
However, comparing the two intensified treatments (SUR-
WBRT vs SRT-WBRT) a longer survival for patients in the
SRT-WBRT group was evident (p = 0.05, Fig. 1).

No OS, DSS and DFS differences were evident between
patients treated with the two stereotactic techniques (SIB
and SRS boost, data not shown).

All the significant prognostic factors identified at uni-
variate analysis and, in addition, the clinically relevant but
not significant ones were included in the multivariate Cox
regression model for OS, DSS and DFS: RPA class, GPA
class, number of metastases, the presence of other metas-
tases at diagnosis of brain progression, the primary tumor
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Fig. 1 Overall survival according to treatment modality. Green line
stereotactic radiotherapy or simultaneous integrated boost plus whole
brain radiotherapy (SRT-WBRT), blue line surgical treatment plus
WBRT (SUR-WBRT), red line WBRT alone

type, the use of chemotherapy after radiation therapy, radi-
otherapy modality and the tumor response.

Patients in RPA class I (p = 0.002), who had intensified
treatments (p < 0.001), who were given systemic therapy
after radiation therapy (p < 0.001) and who had a complete
or subtotal partial response to radiotherapy (p = 0.003)
have a longer OS. The complete response to radiother-
apy remained the sole positive prognostic factor for DSS
(p = 0.03), while response to radiotherapy (p = 0.002) and
the number of metastases (p < 0.001) were significant in
terms of DFS. Similar results in multivariate analysis were
found in RPA 1II subgroup.

Discussion

The prognostic factors related to better survival for patients
with brain metastases have been studied in numerous clini-
cal trials; many prognostic classifications [7] have been
proposed in the last two decades to define the prognosis
and consequently the better therapeutic option. Perfor-
mance status, age and presence of extracranial metastases
were considered in all classifications. Some special param-
eters such as the interval between the appearance of metas-
tases and primary tumor diagnosis [8], response to steroid
therapy [9] and tumor volume [10] were considered only
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in rare cases. RPA [5] and GPA [4] classifications are the
more relevant ones. The most important difference between
these two systems is that the second one considers as a
prognostic factor also the number of metastases and the pri-
mary site of disease [11]. The analysis of the present series
has confirmed the prognostic significance of almost all the
factors identified in the two classifications.

The use of different hypofractionated schedules for
WBRT (30 Gy in 10 fractions vs 20 Gy in 5 fractions) was
not related, in a few papers [12, 13], to a difference in over-
all survival but only to an increase in acute toxicity for the
more “rapid” fractionation schedule. In the present series
no survival differences were evident according to the frac-
tion dose; however, an increase in acute toxicity with the
shorter schedule was not documented.

Multimodal combined treatment with WBRT, for
patients with 1-3 brain metastases, has become the stand-
ard in the last decades [14], thanks to advances in radia-
tion techniques and to improvement of surgical techniques
[15], with a marked reduction in peri- and post-operative
mortality.

The efficacy of surgery followed by WBRT for single
brain metastasis has been investigated in three randomized
clinical trials. Patchell et al. [16] demonstrated that com-
bined treatment (surgery plus WBRT) led to a longer sur-
vival, longer functional independence, and a lower recur-
rence rate compared to radiotherapy alone. Similar results
were also published by Vecht et al. [17], who evidenced a
better outcome of combined treatment in patients with stable
extracranial disease. The third randomized trial [18] failed
to demonstrate an improvement in survival for the patients
treated with combined treatment; since patients with dif-
fuse extracranial disease and poor performance status were
recruited, it was confirmed that this group of poor prognosis
patients, should not be offered an intensified treatment.

Literature data on survival have been confirmed in the
present series: surgery followed by WBRT obtained longer
overall survival and better response to treatment compared
to WBRT alone; no differences were found in recurrence
rate in metastasis site.

The efficacy of a stereotactic boost associated with
WBRT has been shown in two randomized clinical trials.
In the RTOG 9508 trial [19] 333 patients with 1-3 brain
metastases were randomly allocated to either WBRT or
SRT-WBRT: WBRT and stereotactic boost treatment
improved functional autonomy for all patients and survival
for patients with a single metastasis. In the secondary anal-
ysis performed after 10 years [20] 252 patients have been
re-classified according to the GPA scale and re-analyzed.
Survival advantage was found only in patients with high
GPA score (3.5-4) regardless of whether they have 1, 2, or
3 brain metastases. A smaller trial [21] showed that com-
bined WBRT and radiosurgery for patients with two to four
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brain metastases significantly improves control of brain
disease, without improvement of survival.

Present analysis confirmed a better local control and a
better response to treatment in patients treated with SRT-
WBRT compared to WBRT alone, as documented in the lit-
erature, and a longer overall survival has been documented
both in the whole series and in the RPA class II.

Almost two-thirds (n = 21) of the patients of the present
series treated with stereotactic techniques had WBRT with
concomitant integrated boost (SIB), as opposed to about a
third (n = 13) treated with WBRT followed by sequential ste-
reotactic boost (SRS). The scarce number of cases in the two
subgroups hampers a proper comparison of the results. Unfor-
tunately, there are few conclusive data also in the literature
about the relative efficacy of SIB and SRS radiotherapy when
integrated with WBRT. Rodrigues et al. [22] in 2013 published
a retrospective review of 500 patients treated with SRS alone
or SIB-WBRT: no differences in OS were found but SIB was
associated with a reduced intracranial failure rate likely due to
the WBRT component of the treatment; however, SRS patients
did not have WBRT, at variance with the present series.

Few authors compared the different intensified treat-
ments for 1-3 brain metastases. O’Neill et al. [23] com-
pared neurosurgery versus stereotactic radiosurgery with-
out WBRT and evidenced a higher recurrence rate in the
surgical cavity. Rades [24] comparing SRT-WBRT and sur-
gery-WBRT showed a better local control in the SRT group
(at 1 year, 82 vs 66 %, p = 0.006). Overlapping data have
been found in the present series: 1-year local control was
91 % in the SRT-WBRT group vs 67 % in the SUR-WBRT
(»p = 0.035). A better overall survival was documented but
only in RPA class II.

The high rate of local recurrence after surgery alone has
led many authors to add a stereotactic treatment targeting
the surgical cavity only [25-28]. These studies have shown
good tolerance to treatment and better 1 and 2 years local
control, a lower risk of progression with other brain metas-
tases, combined with a moderate increase in late toxicity
(radiation necrosis in 5 % of cases) when compared to
WBRT alone. Confirmatory Phase II and III randomized
trials are needed.

This series cannot provide useful information on the
neurocognitive effect mainly due to the retrospective nature
of the study. Many clinical studies addressed the issue of
a possible neurocognitive detrimental effect of WBRT [29]
to justify the elimination of WBRT from the therapeutic
options for brain metastases. The results are far from being
definitive [30-32]. More detailed studies considering also
the effect of disease recurrence or of the other treatments
(e.g. steroids, anti-epileptic drugs, surgery, stereotactic
radiotherapy) on neurocognitive changes observed after
treatment of brain metastases need to be performed to con-
firm these reports.
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Conclusions

The use of intensified treatment, both with surgery and
radiotherapy, compared to WBRT alone determines a sig-
nificantly longer survival and better response to treatment,
with no increase in acute and late toxicity, for patients
with 1-3 brain metastases. For patients in RPA class 11, the
group treated with WBRT plus a radiation therapy boost
obtained an OS longer than the group treated with sur-
gery plus WBRT. A better local control was also found in
patients treated with stereotactic boost, either concurrent or
sequential.

The high 1-year local recurrence risk in the surgical bed
aroused the interest for radiation treatment of the surgical
cavity and its margins, in the absence of large scale con-
firmatory trials [25-28].

With all the limitations of a retrospective case series,
the present analysis confirms the already known prognostic
factors for brain metastases radiotherapy, emphasizing the
importance of intensified treatments in a population with
favorable prognostic features (age, performance status,
number of metastases under 3, primary tumor control, I-II
RPA and GPA prognostic class).

Cognitive impairment possibly related to brain irra-
diation is an important issue. A prospective observational
trial on neurocognitive function in relation to different
radiotherapy modalities (WBRT, SRT-WBRT, SRS alone)
and other disease and treatment variables is now ongo-
ing in Italy, promoted by the Central Nervous System
Study Group of Italian Association of Radiation Oncology
(AIRO).
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