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Abstract  Background: Melanoma brain metastases (MBMs) are historically associated with
poor prognosis. Radiation therapy is conventionally associated with a high local control rate.
Development of targeted therapy and immunotherapy has improved overall survival (OS) and
intracranial response rate, but about 50% of patients failed to respond to these novel therapies.
The objective of this study was to assess the impact of combined radiotherapy (cRT) on over-
all survival in a large multicenter real-life prospective cohort of patients with MBM treated
with immunotherapy or targeted therapy.

Patients and methods: Clinical data from 262 patients with MBM were collected via MelBase,
a French multicentric biobank prospectively enrolling unresectable stage III or IV melanoma.
Two groups were defined: patients receiving cRT (cRT group) or not receiving cRT (no-cRT
group). Primary end-point was OS. Propensity score weighting was used to correct for indica-
tion bias.

Results: Among the 262 patients, 93 (35%) received cRT (cRT group). The patients were
treated with immunotherapy in 69% and 60% and with targeted therapy in 31% and 40% of
the cRT and no-cRT groups, respectively. With a median follow-up of 6.9 months, median
OS was 16.8 months and 6.9 months in the cRT and no-cRT groups, respectively. After pro-
pensity score weighting, cRT was associated with longer OS (hazard ratio = 0.6, 95% confi-
dence interval: 0.4—0.8; p=0.007). Median OS after ponderation was 15.3 months and 6.2
months in the cRT and no-cRT groups, respectively.

Conclusion: This study shows that cRT may be associated with a significant decrease of 40% in

the risk of death in patients with MBM treated with systemic therapy.
© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Although melanoma brain metastases (MBMs) are
associated with a poor prognosis with a historical me-
dian overall survival (OS) of approximately 4 months
174 development of new systemic therapies and ad-
vances in radiation therapy (RT) has improved clinical
outcomes.

Stereotactic radiosurgery (SRS) alone achieves a high
local control rate of up to 90% [5—8], but distant disease
control remains poor and benefit in OS is limited with a
median survival of about 4 months [2,7.8].

The development of targeted therapy and immuno-
therapy has significantly improved the prognosis of
metastatic melanoma including MBM with a median OS
for patients with MBM of about 7 months for ipilimu-
mab [9], 10 months for pembrolizumab and nivolumab
[10,11] and up to 24 months for BRAF and MEK in-
hibitors [12]. Recently, combination therapy with anti-
PDI1 and anti-CTLA4 showed unprecedented results
with up to 57% of intracranial objective response rate
(ORR) [13,14]. Despite these encouraging data, about
50% of patients failed to respond to these novel thera-
peutics and response duration is shorter than that in
extracranial disease, hence emphasising the need of
additional combination strategy and identification of
predictive or prognostic biomarkers.

Recent non-randomised clinical studies suggest that
RT in combination with anti-BRAF + anti-MEK as
well as with anti-CTLA4 or anti-PD1 antibodies could
be synergistic, without increasing toxicities in MBM

treatment [15—20]. Interestingly, timing seemed to have
a major impact on this synergic effect with better clinical
outcomes for combined treatment [15,21—23]. However,
these studies present an important bias as combined
treatment or RT alone is neither randomly allocated nor
given in a standardised schedule.

One way to overcome this conceptual shortcoming in
the design of observational studies is the use of pro-
pensity scores to adjust for differences of patient’s
characteristics between two groups and to limit confu-
sion and selection bias [24].

In this study, we evaluated the impact of combined RT
(cRT) on OS in a large multicenter real-life prospective
cohort of patients with MBM treated with immuno-
therapy or targeted therapy, using propensity score.

2. Materials and methods
2.1. Patient population

Patients included in this study were identified via Mel-
Base, a French clinical database with a biobank dedi-
cated to the prospective follow-up of adult patients with
advanced melanoma. This observational cohort
included standardised questionnaires completed pro-
spectively by the investigator at inclusion and
throughout disease’s course. All participating centres
were oncodermatology or oncology units contributing
to clinical studies with high experience in management
of patients with MBM and included all incident cases as
a rule. MelBase protocol was approved by the French
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ethics committee (CPP Ile-de-france XI, n°12027, 2012)
and registered in the NIH clinical trials database
(NCT02828202). Written informed consent was ob-
tained from all patients.

All patients within MelBase presenting at least one
MBM, with at least one postbaseline tumour assessment
and treated with systemic therapies at MBM diagnosis
between December 2013 and December 2017 were
included. Patient and treatment characteristics were
collected retrospectively. The indication of RT was
based on investigator’s choice after discussion in tumour
boards in accordance with European recommendations
and evidence-based medicine.

Patients were divided into two groups:

- cRT group: patients treated with cRT;
- No-cRT group: patients treated with non-cRT or not
treated with radiotherapy.

RT was considered combined if delivered from 30
days before the first systemic therapy dose to treat
MBM until 30 days after the first dose of the same
therapy line. All lesions treated with RT within a timing
of more than 30 days from the start of the same therapy
line were included in the no-cRT group. cRT was per-
formed as per local practices and included whole brain
radiotherapy (WBRT) alone, SRS alone or WBRT after
SRS.

Patients were treated by either targeted therapy (anti-
BRAF = anti-MEK) or immunotherapy (ipilimumab or
anti-PD1), according to investigator’s choice.

2.2. End-points

In both groups, date of the first systemic treatment
administration for MBM is considered as the baseline.

The primary end-point was OS, defined as the time
from the baseline to death from any cause or the end of
follow-up. The secondary end-points were progression-
free survival (PFS), ORR and safety. PFS is defined as
time from the baseline to clinical or radiological pro-
gression or death from any cause. ‘Clinical or radio-
logical progression’ was defined by the presence of new
lesions or progression of existing lesions on clinical and
radiological evaluation during the prospective follow-up
according to RECIST 1.1, based on local investigator
interpretation [25]. Radiological evaluation included
brain magnetic resonance imaging, and total body im-
aging (positron-emission tomography scan or computed
tomography scan) was performed every three months.
ORR was defined as the proportion of patients with
complete response (CR) or partial response (PR) as best
overall response. Adverse events (AEs) were assessed
according to the Common Terminology Criteria for
Adverse Events (version 4.0).

2.3. Statistical analysis

Propensity score weighting was used to estimate the
benefit of radiotherapy [26,27]. The propensity score is
the probability of receiving treatment for a patient with
specific covariates. Inverse probability of treatment
weighting (IPTW) consists in weighting each observa-
tion by the inverse of the estimated probability of having
received the treatment actually given conditional on
covariates.

IPTW weights were obtained by using logistic
regression for radiotherapy. The following variables
collected at the time of the first systemic treatment
administration were considered in this propensity score
model: sex, age, treatment line, BRAF mutation status,
Eastern Cooperative Oncology Group (ECOG) status,
lactate dehydrogenase (LDH) level, liver metastases,
symptomatic brain metastases, corticosteroids, number
of metastases organ sites and number of MBMs. MBMs
were considered as symptomatic in patients who had
neurological symptoms related to brain metastases or
leptomeningeal disease or any combination of these. The
factor ‘corticosteroids’ included all patients receiving
corticosteroids to control neurological symptoms
related to brain metastases, regardless of the doses and
the regimen used. We used truncated weights, and we
trim high weights at the 90th percentile. To check that
the propensity score model was successful in balancing
groups, imbalance in patient characteristics between
groups before and after weighting was measured by
standardised differences. We considered standardised
differences above 10% as representing meaningful
imbalance.

Analysis was based on using a Cox regression model
in the weighted sample to compare the hazard of death
between the cRT and no-cRT groups, with a robust
variance estimator. Weighted overall survival curves
were also estimated [28].

Missing data were handled by using multiple impu-
tation by chained equations. Twenty imputed data sets
were imputed and analysed separately, and results were
then pooled into a final estimate.

We additionally performed several sensitivity ana-
lyses to the IPTW analysis method. We first used co-
variate adjustment in a Cox model. To avoid a bias due
to a missing covariate that can be a confounding factor,
we used toxicity of grade ITI/IV like covariate in a Cox
regression model.

Then, we also used full matching on the logit of the
propensity score, which has been shown to be a valid
alternative to the more common IPTW approach [29].
In the PS matching, the implementation is pair match-
ing: pairs of treated and control individuals are formed
and they shared a similar value of the propensity score.

We matched individuals on the logit of the propensity
score using a calliper width that was defined as a
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proportion of the standard deviation of the logit of the
propensity score.

In fine, we used weights generated by full matching
approach in a Cox regression model to compare the
hazard of death between the cRT and no-cRT groups,
with a robust variance estimator.

To assess the potential effect of unmeasured con-
founding on the results, we computed the E-value [30].
The E-value is defined as the minimum strength of as-
sociation, on the risk ratio scale, that an unmeasured
confounder would need to have with both the treatment
and the outcome to fully explain away a specific
treatment-outcome association, conditional on the
measured covariates. A small E-value means that a
small amount of confounding would be sufficient to
explain away an effect estimate. The lowest possible
value is 1. Conversely, a higher E-value means that
considerable unmeasured confounding would be needed
to explain away the observed effect.

All analyses were carried out using R statistical
software, version 3.3.1 (the R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Patient characteristics

A total of 262 patients were identified between
December 2013 and December 2017. Among them, 93
(35%) received cRT (cRT group) (Fig. 1). Patient char-
acteristics are summarised in Table 1. In the whole
population, median age was 61 years (Q1-Q3: 50—69)
and 57% of patients were male. DS-GPA (disease-spe-
cific Graded Prognostic Assessment) was not signifi-
cantly different between the two groups (p=0.98). In the

cRT group, 81 patients received SRS (87%), 12 patients
received WBRT (13%) and 21% received non-combined
RT in addition to combined RT. Twenty-five patients
(25%) of the no-cRT group received non-combined RT
for MBM (64% SRS and 36% WBRT) with a median
time interval of 60 days from the start of the end of the
systemic therapy. At the baseline, 69% and 60% of pa-
tients were treated with immunotherapy and 31% and
40% with targeted therapy in the cRT group and no-
cRT group, respectively.

3.2. Comparability of the groups and development of the
propensity score

Before propensity score analysis, baseline patient char-
acteristics were not significantly different for the

following variables: sex (imbalance = —1%), ECOG
status (imbalance = 9%), LDH level
(imbalance = —2%), line of systemic treatment
(imbalance = —9%), BRAF status (imbalance = —3%)),
neurological symptoms (imbalance = —1%), systemic
treatment (imbalance = —7%), corticosteroid treatment

(imbalance = 9%) and number of MBM (imbalance = -
4%) (Table 2). Using a Cox regression model, we ob-
tained significantly hazard ratio (HR) (stratified on RT)
for the following variables: sex (HR = 0.83; 95% confi-
dence interval [CI]: 0.75—0.88), ECOG status (HR = 2.4,
95% CI. 2.1-2.8) LDH level (HR = 2.1; 95% CI:
1.9—2.2), line of systemic treatment (HR = 1.7; 95% CI:
1.3—2.3), number of metastatic sites (HR = 1.3; 95% CI:
1.1—1.5), combined hepatic metastases (HR = 1.8; 95%
CI: 1.4-2.1), corticosteroid treatment (HR = 1.4; 95%
CI: 1.1-1.7) and number of MBMs (HR =1.13; 95% CI:
1.13—1.16) (Table 2). After propensity score weighting,

[ Patients included in MelBase

(n=1362) J

Patients excluded : no MBM at

| systemic treatment initiation
" (n=1100)

Eligible patients:

Patients with MBM at systemic

therapies initiation
(n=262)

v

[ Treated by cRT (n=93) ]

l

[Not treated by cRT (n=169) ]

Fig. 1. Trial profile. MBM: melanoma brain metastases; cRT: combined radiotherapy; no-cRT: no combined radiotherapy.
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Table 1
Patient and disease characteristics.
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Patient and disease characteristics

All patients, N = 262

cRT group, N = 93 No-cRT group, N = 169

Age (years, range)
Mean
<65 (N; %)
>65 (N; %)
Sex
Male (N; %)
Female (N; %)
Performance status (N; %)
0—1
2-3
4
Not available
LDH (N; %)
< ULN
> ULN
>2 ULN
Not available
BRAF mutation status (N; %)
Wild-type
Mutated
Number of metastatic sites (N; %)
<3
>3
Liver metastasis (N; %)
Number of % MBM (N; %)
<3
>3
Not available
Solitary MBM
Leptomeningeal involvement
(N; %)
Neurological symptom (N; %)
Use of corticosteroids (N; %)
DS-GPA (N; %)
0
1
2
Type of concomitant RT (N; %)
WBRT
SRS
Use of non-concomitant RT (N; %)
WBRT
SRS
Line of systemic therapy (N; %)
First line
Second line or more
Systemic therapy (N; %)
Anti-PD1
Anti-CTLA4
BRAFi alone
BRAFi + MEKi

61 (50—69)
163 (62)
99 (38)

151 (57)
111 (42)

232 (89)
27 (10)
1(1)
2(1)

155 (59)
101 (39)
27 (10)
6(2)

108 (41)
154 (59)

80 (31)
182 (69)
80 (31)

120 (44)
103 (39)
39 (15)
29 (11)

25 (10)
107 (41)
107 (41)

101 (39)
84 (32)
77 29)

160 (61)
102 (39)

118 (45)
48 (18)
43 (16)
53 (20)

58 (50—67) 63 (50—71)
67 (72) 96 (57)
26 (28) 73 (43)
53 (57) 98 (58)
40 (43) 71 (42)
88 (94) 144 (85)
5(5) 22 (13)
- 1(1)

- 2(1)

52 (56) 103 (61)
39 (42) 62 (37)
9 (10) 18 (11)
2(2) 42

35 (38) 73 (43)
58 (62) 96 (57)
27 (29) 53 (31)
66 (71) 116 (69)
28 (30) 52 (31)
40 (43) 80 (47)
39 (42) 64 (38)
14 (15) 25 (15)
8 (9) 21 (12)
13 (14) 12.(7)
39 (42) 68 (40)
39 (42) 68 (40)
35 (38) 66 (39)
30 32) 54 (32)
28 (30°) 49 (29)
12 (13) -

81 (87) -

5 (5%) 9 (5%)
15 (16%) 16 (9%)
51 (55) 109 (65)
42 (45) 60 (36)
52 (56) 66 (39)
12 (13) 36 (21)
11 (12) 32 (19)
18 (19) 35 (21)

LDH: lactate dehydrogenase; ULN: upper limit of normal; MBM: melanoma brain metastases; WBRT: whole brain radiotherapy; SRS: stereo-

tactic radiosurgery; BRAFi: BRAF inhibitor; MEKi: MEK inhibitor.

The bold values are the number of patients and the percentage of patients (in brackets) with a DS-GPA (Diagnosis specific Graded Prognostic

Assessment) equal to 0, 1 or 2.

the groups were comparable for all these factors

(Table 2).

3.3. OS, PFS and ORR

At the time of analysis, 51% of patients in the cRT
group and 62% in the no-cRT group were dead from

disease progression. With a median follow-up of 6.9
months (range: 0.2—58.4), median OS was 16.8 months
(95% CI: 11.8—27.9) in the cRT group and 6.9 months
(95% CI: 5.4—9.4) in the no-cRT group (Fig. 2). Median
OS after ponderation was 15.3 months and 6.2 months
in the cRT and no-cRT groups, respectively. Estimated
I-year and 2-year OS were, respectively, 58.9% (95% CI:
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Table 2

Imbalance before and after IPTW (inverse probability of treatment weighting) for patient and disease characteristics included in the propensity

score.

Variables Before propensity score After propensity score
Imbalance (%) HR (CI) Imbalance (%)

Sex -1 0.83 (0.75—0.88) 2

Age —18 1.12 (0.95—1.52) -1

ECOG 9 2.44 (2.12-2.77) 1

LDH: < ULN versus = ULN -2 2.08 (1.92—-2.21) 0

Neurological symptoms -1 1.27 (0.99—1.65) 0
Corticosteroids 9 1.42 (1.09—1.70) 3

Number of metastatic sites 11 1.32 (1.09—1.45) 10

Number of MBM —4 1.13 (1.11-1.16) 1

Hepatic metastases 10 1.76 (1.40—-2.11) -1

BRAF status -3 0.81 (0.76—1.03) 1

Line of treatment -9 1.71 (1.25-2.33) 2

Systemic treatment -7 1.12 (0.85—1.36) -9

ECOG: Eastern Cooperative Oncology Group; CI: confidence interval; HR: hazard ratio; LDH: lactate dehydrogenase; ULN: upper limit of

normal; MBM: melanoma brain metastases.

The bold values is the result (in percentage) of the imbalance before and after propensity score for the variables "number of MBM".

49.2—70.5) and 37.4% (95% CI: 27.6—50.7) for the cRT
group and 33.8% (95% CI: 27—42.5) and 22.4% (95% CI:
16.1—-31.3) for the no-cRT group. cRT was associated
with higher OS in patients with MBM treated either
with immunotherapy or targeted therapy compared with
those who did not received cRT (HR = 0.60, 95% CI:
04 to 0.8; p=0.007) (Fig. 2). Sensitivity analyses
confirmed this result as the HR was significant when
toxicity was used as an adjustment variable (HR = 0.70;
95% CI: 0.64—0.79) and when full matching method was
applied (HR = 0.61, 95% CI: 0.58—0.63). The E-value
for the observed association between radiotherapy and
mortality after adjustment for measured confounders
was 3.7. This means that an unmeasured confounder
should be associated with a risk ratio of 3.7-fold for
both the likelihood of death and radiotherapy to explain

away the obtained effect of cRT but weaker confound-
ing could not do so. Results, therefore, seem
robust because only very strong unmeasured con-
founding would challenge the association observed be-
tween radiotherapy and mortality.

Median PFS was 5.2 months (95% CI: 3.5—7.9) in the
cRT group and 3.5 (95% CI: 2.7—4.5) in the no-cRT
group, with no statistical difference (p=0.23). The 6-
month and 18-month PFS was 44.4% (95% CI: 35.1-56.2)
and 23.1% (95% CI: 15.5—34.4) in the cRT group and
31.2% (95% CI: 24.8—39.4) and 17.1% (95% CI:
11.8—24.7) in the no-cRT group, respectively (Fig. 3).

ORR and disease control rate were similar between
the two groups (37% and 59% in the cRT-group versus
31% and 60% in the no-cRT group, respectively;
p = 0.8) (Table 3).

1.0 H
Median (CI 85%)
—— No radiotherapy:6.9 (5.4-9.4)
O 8 | emw Radiotherapy:16.8 (11.8-27.9)
=
e
8 06
o
o
©
= 04 -““'l—|_
e
3
w
0.2 —
0.0 T T T |
0 6 12 18 24
Months
No radiotherapy: 169 81 42 23 14
Radiotherapy: 93 64 30 16

Fig. 2. Overall survival of patients treated with combined radiotherapy (cRT group) and patients not treated with combined radiotherapy
(no-cRT group). cRT: combined radiotherapy; no-cRT: no combined radiotherapy.
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Fig. 3. Progression-free survival of patients treated with combined radiotherapy (cRT group) and patients not treated with combined
radiotherapy (no-cRT group). cRT: combined radiotherapy; no-cRT: no combined radiotherapy.

3.4. Clinical outcomes according to the type of systemic
treatment

In the cRT group (n = 93), median OS was 16.8 months
(range: 11.8, not reached) for immunotherapy and 15.6
months (range: 10.9, not reached) for targeted therapy.
The estimated 18-month OS was 43.3% (95% CI:
32.4—60.1) with immunotherapy and 45.7% (95% CI:
29.8—70) with targeted therapy. Estimated 18-
month PFS was 21.4 (95% CI: 13.3—42.6) with immu-
notherapy and 24.1 (95% CI: 15.4—44.4) with targeted
therapy. ORRs were 33% with immunotherapy and 45%
with targeted therapy.

3.5. Tolerance

The incidence of AEs of any grade was 73% in the cRT-
group and 61% in the no-cRT group (p = 0.4)
(Supplementary Data S1). Grade III-IV AEs were re-
ported in 20% in the RT group and 23% in the non-RT

group.

Table 3
Best overall response rate.

Best overall response rate  RT group No-RT p-value
(n = 93) group (n = 169)
Best response, N (%)
CR 12 (13) 10 (6) -
PR 22 (24) 43 (25) —
SD 21 (23) 48 (28) —
PD 38 (41) 68 (40) —
ORR 34 (37) 53 (3D p=2038
DCR 55 (59) 101 (60) p=2038

RT: radiation therapy; CR: complete response; PR: partial response;
SD: stable disease; PD: progressive disease; ORR: objective response
rate (CR + PR); DCR: disease control rate (CR + PR + SD).

4. Discussion

In patients with MBM treated with immunotherapy or
targeted therapy, cRT is associated with an increased
OS. The risk of death was decreased by 40% for patients
treated with cRT, in comparison with those who did not
receive cRT (p=0.007).

This large real-life cohort of patients with MBM is of
importance regarding clinical practice because these
patients are usually excluded from clinical trials, and
data are needed to improve their management. The
major survival benefit observed in this study suggests
that all eligible patients with MBM should be treated
with cRT, regardless of systemic treatment received.

To date, only three retrospective studies have
assessed the survival of patients with MBM treated with
cRT and new systemic therapies [16—18]. In a cohort of
96 patients with MBM treated with SRS within 3
months of receiving systemic therapy, Ahmed ez al. re-
ported that anti-PD1, anti-CTLA4 and BRAF + MEK
inhibitors significantly improved OS when compared
with chemotherapy. Indeed, 12-month OS was 48% for
anti-PD1, 41% for anti-CTLA4 and 65% for BRAF and
MEK inhibitors, compared with 10% with chemo-
therapy [18]. In a second cohort of 79 patients with
MBM receiving systemic therapy within 6 weeks of SRS,
median OS was 7.5 months for anti-CTLA4, 20.4
months for anti-PD1  and 17.8 months for
BRAF + MEK inhibitors and was significantly superior
to median OS observed for those who did not receive
any systemic drug therapy (10.8 months) [16]. In a recent
retrospective study of 179 patients with MBM treated
with Gamma Knife at the first MBM and retreated in
case of new MBM, Gaudy-Marqueste et al [17] re-
ported that anti-PDl or anti-CTLA4 and
BRAF + MEK inhibitors were significantly and highly
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protective with a median OS of 10.95 months for pa-
tients receiving systemic therapy versus 2.29 months in
those who did not receive immunotherapy or targeted
therapy. However, survival analyses in these studies
were not stratified on several potentially important
confounding factors, leading to significant interpreta-
tion bias and difficult interpretation of results.

In previous studies, combined RT with immuno-
therapy or targeted therapy was always compared with
RT alone or with RT and chemotherapy. To the best of
our knowledge, this study is the first assessing the
impact on survival of cRT in patients with MBM treated
with systemic therapy. Although no direct comparisons
were possible, our results are in accordance with those
published data [16—18].

The observational design of this real-life study lead to
confusion bias that we have taken into account with
propensity score, a powerful statistical system repre-
senting an alternative to a randomised-controlled trial
[24]. This statistical analysis enables to take into account
confusion bias using a score that synthesises the influ-
ence on treatment choice of clinical parameters evalu-
ated before. It permits in a non-randomised context to
limit bias by adjusting on potential confusion factors
[24].

We showed that cRT had a statistically significant
protective effect in terms of survival, after adjusting for
the main confounding factors identified in the literature
[1,3,4]. In a retrospective cohort of 101 patients treated
with ipilimumab for advanced melanoma, Koller et al.
[31] recently reported a similar protective effect of con-
current RT with a median OS which more than doubled
in patients receiving concurrent radiotherapy (external
beam radiation or SRS) during or within 2 weeks of
ipilimumab compared with those treated with ipilimu-
mab alone (19 months versus 10 months, respectively).
However, this study included only 8% of patients with
MBM, and most patients received extracranial
radiotherapy.

There is some evidence of the synergistic effect of RT
and systemic therapy in the literature. Indeed, RT can
cause a transient disruption in the blood—brain barrier
[32], resulting in an uptake of systemic therapy. More-
over, the combination of RT and immunotherapy may
increase systemic antitumour response by facilitating
antigen presentation and T-cell activation [33,34]. Some
clinical studies reported that combining RT and
immunotherapy could lead to an abscopal effect,
correlating with prolonged survival [35,36].

Although the retrospective design did not allow to
assess specific neurologic toxicity, no increasing rate of
toxicities was observed in the RT group. This result is in
accordance with the acceptable toxicity profile of com-
bined RT and systemic therapy described in the litera-
ture [15,19,37,38].

The main limitations of this study are the absence of
central review of neuroimaging and the real-life design

of MelBase where radiotherapy indications are left to
investigator’s decision. The non-randomised design of
this study induces bias which is minimised with pro-
pensity score and sensitivity analyzes. However, the
strength of results is inferior to prospective randomised
studies. In fact, although the statistical model takes into
account the most important known prognostic factors
of patients with MBM, some other variables may
persist. Moreover, missing data may limit the strength of
results and lead to some unavailable information such as
intracranial versus extracranial response. Although
clinical trial may be the best way to assess the impact of
cRT in patients with MBM, it raises specific ethical is-
sues of randomising radiotherapy.

5. Conclusion

In this study, cRT was associated with a significantly
higher OS in patients treated with systemic therapy.
Further prospective studies are needed to determine the
optimal timing to maximise the synergic effect and to
better define the safety profile of cRT and systemic
therapy.
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