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Martin Drummond5,7, Catherine Rowe8, Annie Wong8, Grant McArthur8, Andrew Haydon6,
Miles C Andrews1,2, Jonathan Cebon1,2, Alex Guminski5,7,9, Richard F Kefford4,7,10, Georgina V Long5,7,9,
Alexander M Menzies5,7,9, Oliver Klein1,2,12 and Matteo S Carlino*,4,5,7,12

1Medical Oncology Unit, Austin Health, Melbourne, Victoria 3084, Australia; 2Olivia Newton-John Cancer Research Institute,
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Background: There is limited data on the efficacy of anti-programmed death 1 (PD-1) antibodies in patients (pts) with melanoma
brain metastasis (BM), particularly those which are symptomatic.

Method: We retrospectively assessed pts with melanoma BM treated with PD-1 antibodies, nivolumab and pembrolizumab.
Clinicopathologic and treatment parameters were collected and outcomes determined for intracranial (IC) response rate (RR)
using a modified RECIST criteria, with up to five IC target lesions used to determine IC response, disease control rate (DCR) and
progression-free survival (PFS).

Results: A total of 66 pts were identified with a median follow up of 7.0 months (range 0.8–24.5 months). A total of 68%
were male and 45% BRAF V600 mutation positive. At PD-1 antibody commencement, 50% had an elevated LDH; 64% had
local therapy to BM prior to commencing anti-PD1, of which 5% had surgical resection, 14% stereotactic radiosurgery (SRS),
18% whole-brain radiotherapy (WBRT), 27% had surgery and radiotherapy. Twenty-one per cent started anti-PD-1 as first
line systemic therapy. No pt had prior anti-PD-1 treatment. The IC overall RR was 21 and DCR 56%. Responses occurred in 21% of
pts with symptomatic BM. The median OS was 9.9 months (95% CI 6.93–17.74). Pts with symptomatic BM had shorter PFS than
those without symptoms (2.7 vs 7.4 months, P¼ 0.035) and numerically shorter OS (5.7 vs 13.0 months, P¼ 0.068). Pts requiring
corticosteroids also had a numerically shorter PFS (3.2 vs 7.4 months, P¼ 0.081) and OS (4.8 vs 13.1 months, P¼ 0.039).

Conclusions: IC responses to anti-PD-1 antibodies occur in pts with BM, including those with symptomatic BM requiring
corticosteroids. Prospective trials evaluating anti-PD-1 therapy in pts with BM are underway.

In total, 40–50% of patients with stage IV melanoma develop brain
metastases during the course of their disease (Carlino et al, 2012);
and the median overall survival (OS) from diagnosis of brain

metastases is approximately 5 months (Raizer et al, 2008). Patients
treated with surgery and/or stereotactic or whole-brain radio-
therapy (WBRT) may have better outcomes with median OS rates
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ranging from 8.7 to 10.4 months (Fife et al, 2004) although this
may be partially due to a selection bias. Melanoma has long been
considered radio-resistant (Dossgg and Memula, 1982); despite this
radiotherapy, particularly radiosurgery, remains an important
contributor to the treatment of melanoma brain metastasis in the
modern era (Choong et al, 2017). Targeted therapy using BRAF/
MEK inhibitors and immunotherapy with checkpoint blockade
have dramatically changed the therapeutic landscape and the
prognosis for patients with metastatic melanoma (Menzies and
Long, 2014); but the therapeutic benefit of immune checkpoint
inhibitors in patients with brain metastases remains unclear. BRAF
inhibitors have demonstrated intracranial (IC) efficacy in patients
with brain metastases (Long et al, 2012; McArthur et al, 2017).
There is also evidence that the anti-CTLA-4 antibody ipilimumab,
can lead to anti-tumour responses in this patient population,
although efficacy is limited in those with symptomatic brain
metastasis requiring corticosteroids (Margolin et al, 2012; Queirolo
et al, 2014). While historically radiotherapy or palliation has been the
predominant treatment modality for patients with multiple sympto-
matic brain metastasis the development of active systemic agents has
led to an increasing interest in systemic therapy as the initial
treatment for patients with brain metastasis (Carlino et al, 2012).

More recently, immunotherapy with anti-programmed death-1
(PD-1) antibodies has shown impressive and often durable extra-
cranial responses in patients with metastatic melanoma (Larkin
et al, 2015; Robert et al, 2015a, b). There is, however, only limited
evidence of efficacy in melanoma patients with brain metastases
treated with these drugs, as these patients were excluded from
initial clinical trials.

In this retrospective study we report the clinical efficacy of anti-
PD-1 antibodies in a large cohort of melanoma patients with brain
metastases. Our study includes patients with symptomatic brain
metastases requiring corticosteroids as well as patients with
additional poor prognostic factors in whom the benefit of this
treatment is unknown.

MATERIALS AND METHODS

We retrospectively assessed the efficacy of the anti-PD-1
antibodies, pembrolizumab and nivolumab, in consecutively
treated patients with metastatic melanoma and brain metastases
treated between October 2012 and March 2016 across five major
melanoma centres in Australia. Patients with measurable brain
metastases (measuring X5 mm) who received X1 dose of anti-
PD-1 therapy were included in the final analysis. Patients with
leptomeningeal disease and those who received prior anti-PD-1
therapy were excluded. Data collected included: baseline demo-
graphics, mutational status (BRAF/NRAS) and prognostic vari-
ables (American Joint Committee on Cancer (AJCC; 7th edition)
stage of disease, serum lactate dehydrogenase (LDH), Eastern
Cooperative Oncology Group performance status (ECOG), corti-
costeroid use); baseline number of IC lesions, sum of dimensions
(SoD) and number of extracranial (EC) sites; details of PD-1
inhibitor treatment (type, dosage, number of cycles received); prior
systemic treatments and local therapy to BMs; and time to end-
point data. End points evaluated were IC response rate (RR),
disease control rate (DCR) of IC lesions, IC progression-free
survival (PFS) and OS. Consistent with prior studies, including
prospective trials examining the efficacy of systemic therapy in
melanoma patients with brain metastasis, IC response using CT
and/or MRI was determined by a modified Response Evaluation
Criteria In Solid Tumors (mRECIST) criteria (Long et al, 2012).
Up to five IC target lesions were included, imaging was performed
at 6–8 week intervals, with tumour measurements and reporting of
scans carried out by radiologists. Target lesions were considered as

any brain lesion measuring X5 mm, including previously treated
with radiotherapy (SRS and/or WBRT). A IC complete response
(CR) was defined as a disappearance of all IC lesions, a IC partial
response as a 30% decrease in the sum of the longest diameter
(SoD) of all target lesions without the development of any new
lesions. When possible IC responses were confirmed by repeating
scans at 6–8 week intervals. IC progressive disease (PD) was
defined as either an increase of 20% in SoD of target brain lesion
that remained consistent or continued to increase on subsequent
imaging, development of new brain lesions, or unequivocal
increase in size of non-target brain lesions or clinical progression
with central nervous system (CNS) symptoms. SD was defined as
none of CR, PR or PD. Pseudoprogression or radiation treatment
changes were defined as increased contrast enhancement and
oedema which resolved or stabilised within 3 months on serial
imaging. In cases where the distinction between progressive IC
disease and radiation-related changes/pseudoprogression was not
clear a neuro-radiologist at participating sites was consulted. PFS
was defined as time between date of commencement of therapy to
date of progression or death. EC response assessments were made
as per the RECIST v1.1. Kaplan–Meier estimates of PFS and OS
from commencement of anti-PD1 therapy were calculated
separately for patients grouped by CNS symptoms and corticos-
teroid use and compared using a log-rank test, where Pp0.05 was
considered to be statistically significant. Hazard ratio and its 95%
confidence interval were estimated through a univariate Cox
proportional hazard model for respectively CNS symptoms and
corticosteroid use. The study was approved by individual
institution ethics committees and patients either prospectively
consented to inclusion or consent was waived as per individual
institution ethics committee guidance.

RESULTS

Patient demographics and anti-PD-1 therapy. A total of 66
patients with BM who received either pembrolizumab or
nivolumab between October 2012 and March 2016 were identified.
Baseline demographic data are detailed in Table 1. The median
follow up after commencement of anti-PD-1 therapy was 7.0
months (range 0.8–24.5 months). The median age was 62 years,
majority were male (68%) and 42% of patients had BMs at first
diagnosis of advanced melanoma. BRAF V600 mutations were
detected in 45% of patients. No pt had prior anti-PD-1 treatment.
The median interval from diagnosis of BM to commencement of
anti-PD1 therapy was 2.3 months (range 0.03–62.7 months). At
PD-1 inhibitor commencement 32% of pts had an ECOG of X2,
50% had an elevated LDH level, only 21% of patients were
treatment naive and 64% had prior local therapy to BM, indicating
a cohort with poor prognostic features.

Most patients (90%) had more than one BM at the start of anti-
PD-1 therapy (Table 2). Median SoD of IC target lesions was
23.5 mm (range 5–153 mm). Median number of EC sites was 3
(range 0–7). The majority of patients (70%) had asymptomatic
BMs at the start of anti-PD-1 therapy. Of the 20 pts with
symptomatic BM at treatment commencement, 15 (75%) patients
required corticosteroids for symptom control, with doses ranging
from dexamethasone (0.5 mg to 12 mg) or equivalent alternative
corticosteroid. Baseline tumour characteristics are detailed in
Table 2.

Of the 42 (64%) of pts who received local treatment for BM
prior to commencing anti-PD-1 therapy, three (5%) had surgical
resection, nine (14%) had SRS and 12 (18%) had WBRT. In total,
18 (27%) patients had a combination of surgery and radiotherapy.
Radiation therapy was administered within 12 weeks of starting
anti-PD1 treatment in 19 (29%) patients.
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Pembrolizumab was received by 60 (91%) patients at 2 mg kg� 1

intravenous dosing every 3 weeks and six (9%) patients received
nivolumab at 3 mg kg� 1 intravenously every 2 weeks.

Efficacy analyses. Of the 66 patients, 41 (62%) were evaluated
using MRI scans and 25 (38%) using CT scans. Objective IC
responses were observed in 14 (21%) patients with 5 (8%) patients
achieving a CR (examples in Figure 1). IC disease control (defined
as CR, PR and SD) was achieved in 37 (56%) patients and 29 (44%)
patients had PD of which 13 (20%) pts experienced clinical

progression without confirmatory imaging. Of the pts that
achieved an objective response, three (21%) pts had symptomatic
BM. Durable responses were seen in most pts that achieved an
objective response to anti-PD-1 treatment (Figure 2).

After excluding pts who had no EC sites of disease or had
clinical IC progression without restaging imaging, 48 pts were
evaluated for EC response, with objective responses seen in 18
(38%) pts. Both IC and EC objective responses (IC and EC ORR)
were in nine (14%) pts. In 29 (60%) pts the best IC and EC
responses were concordant (i.e., IC and EC were both PR/CR, both
SD or both PD).

The median IC PFS was 5.3 months (95% CI 3.3–8.2 months)
(Figure 3A). The IC PFS was significantly lower in patients with
symptomatic BM than pts with asymptomatic metastases (2.7 vs
7.4 months, P¼ 0.035). Patients on corticosteroids had a shorter

Table 1. Baseline demographics

Demographics N (%)
Median age–years (range) 62 (19–85)

Male 45 (68)

BM at stage IV diagnosis
No 38 (58)
Yes 28 (42)

Mutational status
BRAF V600 mutated 30 (45)
Other 36 (55)

ECOG PS
0 16 (24)
1 29 (44)
2 19 (29)
3 2 (3)

LDH
pULN 30 (45)
XULN 33 (50)
Unknown 3 (5)

Local therapy to BMs prior to anti-PD-1
Nil 24 (36)
Surgery 3 (5)
SRS 9 (14)
WBRT 12 (18)
Combination 18 (27)

Type of anti-PD-1 therapy
Nivolumab 6 (9)
Pembrolizumab 60 (91)

Lines of prior systemic treatment
0 14 (21)
1 33 (50)
2 15 (23)
X3 4 (6)

Abbreviations: BM¼brain metastases; ECOG PS¼Eastern Cooperative Oncology
Group performance status; PD1¼programmed death-1; SRS¼ stereotactic radiosurgery,
ULN¼ upper limit of normal; WBRT¼whole-brain radiotherapy.

Table 2. Baseline tumour characteristics

Characteristics N (%)
Total number of IC metastases

1 7 (10)
2–4 34 (52)
5–10 19 (29)
410 6 (9)

Median SoD of IC targets (mm; range) 23.5 (5–153)

Median number of EC metastatic sites (range) 3 (0–7)

Symptomatic BM
No 46 (70)
Yes 20 (30)

On steroids for symptomatic BM
No 51 (77)
Yes 15 (23)

Abbreviations: BM¼brain metastases; EC¼extracranial; IC¼ intracranial; SoD¼ sum of
dimensions.

A

B

On treatmentBaseline

Figure 1. Radiological examples of intracranial response. Intracranial
responses seen with anti-PD-1 therapy. (A) MRI showing a partial
response in a patient with symptomatic brain metastases on 4 mg
dexamethasone at baseline and 6 months later. (B) MRI showing a
partial response seen in a patient on anti-PD-1 therapy with no prior
local intracranial therapy at baseline and 2 months later.

0 2 4 6 8 10 12 14

Time (months)

Asymptomatic Symptomatic

IC CR IC PR

DeathProgression

Ongoing response

16 18 20 22 24 26 28

Figure 2. Swimmer’s plot showing durable responses in patients who
achieved an objective response to anti-PD1 therapy.
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PFS than those not on corticosteroids (3.2 vs 7.4 months,
P¼ 0.081) (Figure 4). The median EC PFS was not reached, and
further EC disease assessments were not continued after IC
progression or after changes in treatment.

The median OS was 9.9 months (95% CI 6.9–17.7 months)
(Figure 3B). Patients with symptomatic brain metastases had a
shorter median survival than patients with asymptomatic metas-
tases (5.7 vs 13.0 months, P¼ 0.068). Similarly, the median OS of
pts on corticosteroids was significantly shorter than those not on
corticosteroids, (4.8 vs 13.1 months, P¼ 0.039) (Figure 4).

On univariate analysis, pts receiving anti-PD-1 therapy as first-
line treatment compared to subsequent line showed numerical
superiority but not statistically significant improvement in IC PFS
(8.3 vs 5.3 months, P¼ 0.809) or OS (9.5 vs 13.0 months, P¼ 0.904).

Similarly, prior local therapy with SRS or WBRT before commencing
anti-PD-1 therapy did not significantly influence IC PFS (5.3 vs 6.4
months, P¼ 0.645) or OS (13.1 vs 8.3 months, P¼ 0.201).
Furthermore, receipt of radiotherapy within 12 weeks of commen-
cing anti-PD-1 therapy did not significantly influence IC PFS (5.3 vs
6.4 months, P¼ 0.770) or OS (13.0 vs 8.3 months, P¼ 0.192).

DISCUSSION

This is the first study to report on the efficacy of anti-PD-1 therapy
in a large cohort of melanoma patients with symptomatic brain
metastases and poor ECOG performance status. We demonstrate
that over half of all patients treated with anti-PD-1 therapies
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Figure 3. Intracranial PFS and OS. (A) The overall median intracranial PFS was 5.3 months (95% CI 3.3–8.2 months). (B) The median OS was 9.9
months (95% CI 6.9–17.7).
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Figure 4. Impact of CNS symptoms and steroids on intracranial PFS and OS. (A) The intracranial progression-free survival (PFS) was
significantly lower in patients with symptomatic brain metastases than in asymptomatic patients: 2.7 vs 7.4 months (HR 1.95 (95% CI
1.05–3.63), P = 0.0348). (B) Patients with symptomatic brain metastases had a shorter median survival than patients with asymptomatic
metastases: 5.7 vs 13.0 months (HR 1.91 (95% CI 0.95–3.84), P = 0.068). (C) Patients on corticosteroids had a shorter PFS than those not on
corticosteroids: 3.2 vs 7.4 months (HR 1.72 (95% CI 0.93–3.17), P = 0.081). (D) Patients on corticosteroids had a shorter OS than those not on
corticosteroids: 4.8 vs 13.1 months (HR 2.06 (95% CI 1.04–4.11) P = 0.039).
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experienced IC disease control and 20% had a partial or complete
IC response. The IC response rate in our study was lower than EC
responses; however, the EC response rate in our study cohort was
similar to those reported in trials which demonstrated objective
response rates of 21–34% and 31–40% with pembrolizumab
(Ribas et al, 2015, 2016; Robert et al, 2015b) and nivolumab
(Topalian et al, 2014; Larkin et al, 2015; Weber et al, 2015; Robert
et al, 2015a) respectively. This is despite the inclusion of patients
with poor prognostic factors many of whom would have been
excluded from clinical trials: including those with active brain
metastases, pts of poor performance status (ECOG X2), and
patients on corticosteroids. Our study demonstrates a similar IC
efficacy compared to a recently published prospective trial (Goldberg
et al, 2016) which included a small cohort of melanoma pts (n¼ 18)
with asymptomatic brain metastases measuring o2 cm that did not
require corticosteroids. While a high concordance was seen between
IC and EC responses in this study, this was lower than that seen with
single-agent dabrafenib (Azer et al, 2014).

Radiotherapy has been shown to have immunomodulatory
effects (Formenti and Demaria, 2013; Sridharan and Schoenfeld,
2015) including the upregulation of inflammatory cytokines and
PD-L1 and facilitation of T cell infiltration. Preclinical studies have
demonstrated enhanced efficacy of anti-PD-1 antibodies when
combined with radiotherapy (Dovedi et al, 2014) as well as
responses in non-irradiated tumours (Park et al, 2014, 2015).
Retrospective studies (Ahmed et al, 2015, 2016; Liniker et al, 2016;
Qian et al, 2016) have reported on the feasibility of concurrent and
sequential anti-PD-1 therapy with radiotherapy and demonstrated
favourable OS and IC disease control compared to historical
controls. One of these studies suggested improved disease control
when a concurrent schedule was applied and also demonstrated
superiority of anti-PD-1 blockade compared to anti-CTLA-4
blockade in this setting (Qian et al, 2016). In keeping with these
observations there was a trend to improved OS in our cohort in
patients who received radiotherapy prior to or during anti-PD-1
therapy, however, differences in patient-related factors are also
likely to have affected survival, and formal randomised studies will
be required to determine if the combination of radiotherapy is
synergistic with anti-PD1 in the setting of brain metastasis. It is
worth noting that these prior studies only included asymptomatic
patients with low-volume brain metastases that were suitable for
stereotactic radiotherapy and who therefore differed from our
patient population.

Ipilimumab and MAPK inhibitors can be effective treatments in
patients with melanoma and brain metastases with durable
responses seen in a proportion of patients (Long et al, 2012;
Margolin et al, 2012; Dummer et al, 2014; Queirolo et al, 2014).
Targeted therapy with BRAF inhibitors leads to an overall higher
IC response rate than treatment with anti-CTLA-4 blockade
mirroring the differences seen with these agents in achieving EC
responses. In a prospective clinical trial with ipilimumab in
patients with brain metastases, IC disease control was seen in 24%
of neurologically asymptomatic patients not requiring steroids
while only 10% of symptomatic patients on steroids exhibited
disease control. The latter cohort of patients also experienced
poorer EC responses (5 vs 27%) and poorer OS (3.4 vs 7 months)
(Margolin et al, 2012). In a retrospective analysis of 146 patients
with brain metastases who were treated with ipilimumab in an
expanded access program (Queirolo et al, 2014), 26 patients had
received steroid therapy at baseline and had an overall DCR of
15%, while the remaining 119 patients achieved a global DCR of
29%. In our patient cohort the IC response rate was better than in
those reported with ipilimumab, with a similar poorer outcome
seen in patients with symptomatic BM on corticosteroids.

The impact of high dose corticosteroids on immunotherapeutic
outcome remains unclear with most trials excluding patients on
immunosuppressive doses of systemic steroids (410 mg per day

prednisone equivalents), and retrospective analyses reporting
conflicting outcomes (Downey et al, 2007; Horvat et al, 2015;
Menzies et al, 2017). Furthermore, corticosteroids are frequently
administered to neurologically symptomatic patients who usually
have a poor ECOG status, a variable shown independently to affect
PFS, OS and efficacy of anti-PD-1 therapies (Dudnik et al, 2016).
Our study has shown that patients on corticosteroids have a poorer
outcome, but despite this anti-PD-1 therapy was able to achieve
disease control in a proportion of these patients.

This study has some limitations in being retrospective. First,
safety data was not collected in a standardised and reliable manner
and the short patient follow up further limited this. Furthermore,
imaging modalities to evaluate responses to treatment differed
among the institutions involved in the study, preventing reliable
comparison of outcomes stratified by number of BM, and
potentially confounding the response assessment due to sensitivity
and consistency of the imaging modality used. Similarly inter-
pretation and measurement bias may have occurred when
reporting responses in the different patient groups such as those
who were symptomatic or on steroids, particularly given tumour
assessment was performed at clinician discretion.

In conclusion, our study demonstrates that the anti-PD1
antibodies, nivolumab and pembrolizumab, have significant
activity in melanoma patients with brain metastases including
symptomatic patients requiring corticosteroids. Current ongoing
clinical trials will provide further prospective evidence about the IC
efficacy of anti-PD1 blockade and include the ABC trial
(NCT02374242) which is evaluating the activity of the anti-PD1
antibody, nivolumab, alone and in combination with ipilimumab,
the CheckMate 204 trial (NCT02320058), evaluating the efficacy of
nivolumab in combination with ipilimumab followed by nivolu-
mab monotherapy (Margolin et al, 2015), and the CA209-322
(NCT02621515) trial, evaluating nivolumab in metastatic mela-
noma with symptomatic brain metastases. As the treatment
paradigm for melanoma patients with brain metastases evolves,
choosing the appropriate systemic treatment or combination
therapy and the optimal sequencing of local and systemic therapies
will be the next challenge faced by oncologists.
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