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Abstract Brain metastases (BM) frequently develop in
patients with melanoma and are associated with a poor
prognosis. Whole brain radiation therapy (WBRT) is a
standard intervention for intracranial disease, particularly in
patients with multiple BM. Ipilimumab improves survival in
patients with advanced melanoma. The purpose of this study
is to investigate the safety and efficacy of concurrent WBRT
and ipilimumab. A retrospective analysis was conducted of
13 consecutive patients treated with WBRT within 30 days
of ipilimumab administration. Radiographic response, as
measured by serial magnetic resonance imaging scans post-
treatment, was graded by modified World Health Organi-
zation (mWHO) and immune-related response criteria
(irRC) in the 9 patients with follow-up imaging. Treatment-
related toxicity was prospectively assessed during treat-
ment. Four of nine patients (44 %) experienced partial
response or stable central nervous system (CNS) disease as
measured by mWHO criteria. This number increased to 5
patients (56 %) when irRC criteria were used. Rates of
treatment-related neurologic toxicity were low with only
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one patient experiencing grade 3-4 neurologic toxicity.
There was a high rate of intratumoral hemorrhage in this
patient population, with 10 of 10 patients with post-treat-
ment imaging demonstrating new or increased intratumoral
bleeding after WBRT. This retrospective study demon-
strates that the primary pattern of CNS response to WBRT
and ipilimumab is stable disease and not regression of BM.
Furthermore, while the combination of WBRT and ipi-
limumab may offer promising efficacy, prospective studies
are needed to further assess efficacy and toxicity.
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Introduction

Brain metastases (BM) are common in patients with
melanoma with incidence varying from 10 to 40 % [1].
Prognosis is poor with a median survival of 4-5 months
[2, 3]. Large retrospective series have demonstrated
improved outcomes with whole-brain radiotherapy
(WBRT) [2, 4] and a prospective randomized trial dem-
onstrated longer time to intracranial progression in
patients who received WBRT and chemotherapy com-
pared with chemotherapy alone [5]. Yet, studies of
WBRT in patients with metastatic melanoma have shown
median survival of 3.5—4 months [6-9] with local control
rates ranging from 0 to 61 % [8, 10, 11]. Though there is
demonstrated benefit for neurosurgical resection and ste-
reotactic radiosurgery (SRS) in patients with a limited
number of BM, the options for patients with multiple BM
or a performance status that precludes surgical or radio-
surgical intervention remain limited [6, 12, 13]. A more
recent development is the use of BRAF inhibitors in
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patients with BRAF V600E mutated melanoma with BM,
an area of ongoing research [14].

With the recent approval of ipilimumab to treat
advanced melanoma based on Phase III [15, 16] trials and
preclinical evidence that activated T cells can cross the
blood—brain barrier [17, 18], there is interest in using ipi-
limumab to treat BM from metastatic melanoma. Though
there is some evidence that fractionated radiation may
negatively affect the immune system [19], there is also
evidence for a positive biologic interaction between radi-
ation and immunotherapy [20]. Retrospective data dem-
onstrated safety and clinical activity of ipilimumab in
melanoma patients with BM [21]. A recent Phase II trial
investigated ipilimumab in patients with melanoma and
BM and found a disease control rate of 24 % in the brain in
neurologically asymptomatic patients not receiving corti-
costeroid treatment [22]. There was no unexpected toxicity.

The data on the combination of radiation and ipi-
limumab in patients with BM is limited [20]. Retrospective
reports on the combination of ipilimumab and SRS have
shown conflicting results, with some demonstrating an
association between combined ipilimumab and SRS with
prolonged survival, even when controlling for graded
prognostic assessment (GPA) [23, 24], and others showing
no difference in survival between SRS alone and SRS in
combination with ipilimumab [25]. Given the higher frac-
tion size utilized in SRS as compared to WBRT, the bio-
logic basis for the interaction of radiation and ipilimumab
may differ between SRS and WBRT. Other than individual
case reports [26, 27], there have been no data reported on
the combination of WBRT and ipilimumab.

Given this lack of data and the promising results from
the Phase II study of ipilimumab alone for BM, we
examined our experience with the combination of WBRT
and ipilimumab. We aimed to assess clinical response,
radiographic response, and toxicity.

Methods

After obtaining institutional review board approval and a
waiver of informed consent, we identified all patients with
metastatic melanoma and BM diagnosed during 2002-2011
treated with both ipilimumab and WBRT from an institu-
tional database. Twenty-nine patients were identified, of
whom 13 received ipilimumab and WBRT within 30 days
of one another. Thirty days was chosen as a cutoff because
of a half-life of ipilimumab of about 15 days [28].

Of these 13 patients, the majority (n = 8) never
received prior radiation to the brain. Five patients under-
went a craniotomy and tumor resection prior to WBRT,
and 5 were previously treated with SRS. The median dose
of WBRT was 3,000 cGy (range, 2,700-3,750 cGy)
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delivered in 9-15 (median 10) fractions. Twelve patients
were treated with 3 mg/kg of ipilimumab with one
receiving 10 mg/kg. Patients were treated with 2 (n = 4) or
4 (n=9) doses of ipilimumab. The 4 patients who
received 2 doses all had extracranial disease progression
which is why they did not receive further treatment with
ipilimumab. Five patients received WBRT concurrent with
ipilimumab (n = 5) or between cycles of ipilimumab
(n = 1). Four patients received ipilimumab prior to WBRT
with a mean of 13.5 days between last ipilimumab dose
and the start of WBRT. Three patients received WBRT
prior to ipilimumab with a mean of 14 days between the
end of WBRT and the first dose of ipilimumab.

Patients were characterized according to melanoma-spe-
cific GPA [29]. All patients had brain imaging prior to
WBRT. Ten patients had brain imaging after WBRT, 9 with
magnetic resonance imaging (MRI) and 1 with computed
tomograph (CT). A total of 40 post-WBRT MRIs were
available in 9 patients with a median of 3 scans per patient.
For this study, all scans were assessed by a neuroradiologist
(RY) and radiographic response was determined by both
mWHO and immune-related response criteria (irRC). The
sum of the products (SPD) of two-dimensional tumor mea-
surements were obtained for each scan. While both systems
consider a >50 % decrease in the SPD of all index lesions a
partial response (PR) and at least a 25 % increase in SPD
compared with nadir progressive disease (PD), the irRC do
not consider all new lesions PD and require two consecutive
observations of 25 % growth to qualify as PD [30]. If only
one scan was available post-treatment and it demonstrated
PD, patients were classified as having PD by both mWHO
and irRC. Time to intracranial progression was determined
by Kaplan—-Meier method with date of last scan used as the
last follow-up point.

Extracranial response was assessed with irRC using all
available post-treatment imaging. One patient did not have
any evidence of extracranial disease and was treated with
ipilimumab for central nervous system (CNS) disease
alone. Of the remaining 12 patients, 10 had post-treatment
imaging. Patients were assessed for best overall response
rate.

Intratumoral hemorrhage was determined by a neuro-
radiologist (RY) after inspection of susceptibility weighted
(n = 8), or b-0 diffusion-weighted (n = 1) images and
confirmed by inspection of the TI-weighted and T2-
weighted images (n = 9). One patient had no MRI post-
treatment but had a CT scan showing increased hyperdense
blood products consistent with increased hemorrhage post-
treatment. Patients were coded as having new hemorrhage
if a lesion did not have any baseline hemorrhage or as
having increased hemorrhage if a hemorrhagic lesion at
baseline had increased signal changes. Hemorrhage has
variable appearances due to the timing and stage of the
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blood products, as well as the applied pulse sequence, but
subacute hemorrhage often manifests as hypointense signal
on susceptibility weighted and diffusion-weighted images
and hyperintense signal on T1-weighted images. Overlap-
ping imaging characteristics have been described in mel-
anotic metastases that contain >10 % melanin-containing
cells due to intrinsic T1 and T2 shortening effects from
paramagnetic melanin pigments [31, 32]. It is therefore
possible that some of the metastases coded as hemorrhagic
before treatment also contained melanin-rich cells, as there
are no reliable imaging techniques to distinguish between
the two. Since our intent was to describe the change and
possible relationship between hemorrhage and treatment,
we recorded new or increased signal changes during
treatment as new or increased hemorrhage, respectively,
with the assumption that the number of melanin-rich cells
will not increase with treatment.

All patients had weekly, standardized prospective
assessment of neurologic symptoms during WBRT except 2
patients who were hospitalized and thus had daily progress
note documentation during radiation. Patients were followed
after WBRT by their radiation, medical, and neuro-oncolo-
gists and all toxicity data in the 3 months following WBRT
or 70 days after last ipilimumab dose was recorded as
treatment-related toxicity. Corticosteroid dosing at time of
WBRT and in the 6-8 weeks following radiation was
obtained. Adverse events were graded according to the
National Cancer Institute’s Common Toxicity Criteria for
Adverse Events (CTCAE) version 4.0. Due to varying length
and frequency of follow-up among patients immediately
following WBRT, we do not report late toxicity.

Results

Patient characteristics are summarized in Table 1. The
median age was 64 (range, 36-85) years with a roughly
even distribution of men and women. The majority of
patients were GPA class 1-2 (69 %) and patients had a
median of 7 BM (range, 1-31 BM). All but five patients
had been treated with prior systemic therapy. Median fol-
low-up was 4 months for all patients and 30 months in the
one patient alive at time of analysis.

Ten of 13 patients (77 %) received dexamethasone
during WBRT. Dose and reason for steroid use was known
for 9 of these 10 patients. The median dose was 8 mg daily.
Five patients received dexamethasone for palliation and
four to prevent brain edema. Five patients (50 %) were off
corticosteroids completely by 6-8 weeks post-WBRT, 2
(20 %) were on lower doses by 6—8 weeks post-WBRT,
and corticosteroid information post-WBRT was not avail-
able in 3 (30 %). Six patients were asymptomatic at
baseline. Two patients had initial worsening of baseline

Table 1 Patient and treatment characteristics

Age (years)

Median (range) 64 (36-85)
Sex

Male 7 (54 %)

Female 6 (46 %)
Stage at diagnosis

I-111 10 (77 %)

v 3 (23 %)
GPA class

1 4 (31 %)

2 5 (38 %)

3 3 (23 %)

4 1 (8 %)
Number of brain metastases

Median (range) 7 (1-31)
Previous systemic therapy

Any 8 (62 %)

Targeted agent 5 (38 %)

Immunotherapy 3 (23 %)

Temozolomide 7 (54 %)

Vinblastine 4 (31 %)

Cisplatin 4 (31 %)
Previous radiation therapy to brain

None 8 (62 %)

Stereotactic radiosurgery 4 (31 %)

Hypofractionated radiation therapy 1 (8 %)
Previous craniotomy 5 (38 %)

WBRT dose (cGy)
Median (range) 3,000 (2,700-3,750)

Ipilimumab dose

3 mg/kg 12 (92 %)

10 mg/kg 1 (8 %)
Ipilimumab cycles

Median (range) 4 (2-4)

Interval between WBRT and ipilimumab (days)

Median (range) 7 (0-25)

GPA graded prognostic assessment, WBRT whole brain radiation
therapy

neurologic symptoms during WBRT with gradual
improvement in the weeks following WBRT. One patient
had initial improvement 6-8 weeks post-WBRT but
worsening at 4 months post-treatment. One patient had no
improvement of baseline symptoms. Two other patients
were dead of disease shortly after WBRT.

Radiographic response was determined by both mWHO
and irRC criteria on the first scan following WBRT
(median 7.7; range 4.3—11.7 weeks after WBRT). There
was 1 patient with a PR (11 %), 6 patients with SD (66 %),
and 2 patients with PD using both criteria (22 %), yielding
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Fig. 1 Patterns of response to whole-brain radiation therapy and
ipilimumab observed in our cohort. Shown are the four patterns
observed in our patients. a Stable disease using immune-related
response criteria showing growth at different time points without
frank progression. b Stable disease by both immune-related response
criteria and modified World Health Organization criteria with overall
pattern of shrinkage in the sum of the products (SPD). ¢ Progressive
disease. d Partial response. WBRT whole brain radiation therapy

a rate of CNS disease control of 78 %. When overall rates
of progression were assessed using all available post-
treatment scans, 3 of the patients with SD progressed using
mWHO criteria and 2 progressed using irRC criteria,
yielding a CNS disease-control rate of 44 % by mWHO
criteria and 56 % by irRC criteria. Median time to intra-
cranial progression was 102 days by mWHO criteria and
349 days by irRC criteria. Only two patients developed
new BM after WBRT.

The change from baseline of the SPD of the BM is
graphed in Fig. 1 for the 4 patients with the highest number
of scans post-treatment. These four panels represent dif-
ferent patterns of response including SD by irRC (la and
1b), PD (1c), and PR (1d). Only one patient had a different
classification depending on criteria used, PD by mWHO
criteria and SD by irRC (Fig. 1a). Though the patient had a
33 % increase in the SPD of her BM (Fig. 2a and 2b),
subsequent consecutive scans did not show a >25 %
increase, required for a designation of PD by irRC. This
patient was the only patient alive at data analysis, with a
follow-up of 30 months. Her clinical course has been
consistent with SD with no new neurologic symptoms or

Fig. 2 Neuroimaging from one patient who was classified as having
progressive disease by modified World Health Organization criteria
and stable disease by immune-related response criteria. a Contrast T1-
weighted image pre-treatment. b Four months post-treatment showing
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33 % growth of brain metastases. c—e Positron-emission tomography
scan 4-months post-treatment showing that areas of growth on
magnetic resonance imaging are photopenic and therefore not likely
to represent viable disease
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Table 2 Acute central nervous system-related toxicity

Any grade Grade 1-2 Grade 3—4
(%) (%) (%)
Headache 1(8) 1(8) 0
Dizziness 1(8) 1(8) 0
Fatigue 7 (54) 7 (54) 0
Nausea 3 (23) 3(23) 0
Visual changes/diplopia 3 (23) 3 (23) 0
Cognitive changes 4 (31) 3 (23) 1(8)
Seizure 2 (15) 2 (15) 0

further consecutive increase of her BM >25 %. An FDG
positron-emission tomography (PET) brain scan was
obtained to assess for viable tumor [33] and the lesions
were found to be hypometabolic (Fig. 2c—e). Her clinical
course and lack of viable tumor on PET scan support the
designation of SD by irRC.

Median overall survival was 4 months for the cohort
with a l-year survival rate of 15.4 %. Extracranial best
overall response rate was measured in the 10 patients with
post-ipilimumab extracranial imaging. There was one CR
(10 %), one PR (10 %), 2 patients with SD (20 %) and 5
patients with PD (50 %).

Treatment-related toxicity is detailed in Table 2. Grade
1-2 fatigue, nausea, and cognitive changes occurred in 54,
23, and 23 % of all patients, respectively. Three patients
(23 %) experienced grade 1-2 visual changes or diplopia,
which were pre-existing in one of these patients. Two
patients experienced grade 2 seizure during the course of
WBRT (15 %). One of these patients had recently under-
gone a craniotomy and had seizures prior to surgery. A
second patient had documented hemorrhage during WBRT,
likely the cause of the acute seizure. This patient also
experienced grade 3 cognitive change during the WBRT.

All of the patients with follow-up imaging post-WBRT
(n = 10) were noted to have new or increased intra-
tumoral hemorrhage. Of the eight patients with hemor-
rhagic lesions at baseline, all had increases in intra-tumoral
hemorrhage on post-treatment imaging. Two of these also
developed hemorrhage in lesions non-hemorrhagic at
baseline. Both of the patients with no hemorrhagic lesions
at baseline developed hemorrhage on post-treatment
imaging. The median time to development of new or
worsening hemorrhage was 53 days (range, 4-201 days).
No patient required surgical evacuation and none of the
patients were on anticoagulation at the time of hemorrhage.
While the majority of the patients were asymptomatic,
there were 4 patients with new or worsening neurologic
symptoms that correlated with new or worsening hemor-
rhage. In one patient, the symptoms were attributed to

increased edema surrounding the hemorrhagic lesions. A
second patient experienced visual changes attributed by the
treating neuro-oncologist to either migraines or worsening
hemorrhagic BM. The final two patients had acute mental
status changes, attributed to the intra-tumoral hemorrhage
in one of these cases.

Discussion

This study reports on a cohort of patients treated with
WBRT and ipilimumab within 30 days of one another.
WBRT is an accepted treatment for patients with metastatic
melanoma and BM, though reports of its efficacy and
durability vary. Ipilimumab has proven activity in
advanced melanoma and has recently been shown to be
both safe and efficacious in treating BM [22]. To our
knowledge, this is the first case series of combining these
two therapies. This report demonstrates that the combina-
tion of WBRT and ipilimumab is efficacious. We report a
CNS disease control rate of 78 % on the first post-WBRT
scan (mWHO and irRC criteria) and 56 % using all
available post-treatment scans (irRC criteria). This is more
than double the response rate seen in a Phase II prospective
trial of ipilimumab alone for the treatment of BM in which
a CNS disease control rate of 25 % using irRC was found
in patients with small, asymptomatic BM [22]. This com-
pares favorably to the cerebral control rate of 47 % in the
WBRT and fotemustine arm of the phase III trial com-
paring WBRT to WBRT and concurrent fotemustine [5]. In
that study, the median time to intracranial progression in
the combined chemoradiation arm was 80 days in the
intention to treat population which compares favorably to
our median time to intracranial progression of 102 days by
mWHO criteria and 349 days by irRC criteria [5]. Though
retrospective, a strength of this report is the availability of
serial post-treatment MRIs in 9 patients with a mean of 4.4
follow-up scans per patient, which were re-reviewed by a
neuroradiologist. Furthermore, treatment-related toxicity
data was prospectively gathered while patients were on
treatment.

Though we only had a small number of patients in this
study, the primary radiographic pattern observed among
patients with response to WBRT and ipilimumab was one
of SD, often with slight interval enlargement of BM after
WBRT. We had no patients with a CR, 1 with a PR, and 5
with SD. This pattern of response was best illustrated by
the patient for whom we had the longest follow-up. Though
her lesions never disappeared after WBRT, and became up
to 33 % larger on follow-up imaging, long follow-up
(30 months) with extensive clinical and radiographic
evaluation including a PET scan have proven her to have
SD with no new neurologic symptoms over time. Though
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she would have been classified as having PD by mWHO
criteria, she was classified as having SD by irRC criteria
[30]. We believe our overall response pattern of SD, par-
ticularly as illustrated by this patient, argue for the use of
irRC in future studies of radiation and ipilimumab. This
patient’s case also illustrates the role of PET scan in
evaluating post-WBRT enlargement of BM and suggests a
potential role for functional imaging in assessing response
to WBRT and ipilimumab.

All patients with follow-up imaging in this study had
new or worsening intratumoral hemorrhage. The majority
of patients were asymptomatic, though two experienced
symptoms likely related to worsening hemorrhage. There is
a high risk of bleeding in melanoma BM in the absence of
any intervention, with an incidence of about 30 % of
patients having radiographically detected hemorrhage [9,
34]. The trials that study WBRT alone for patients with
metastatic melanoma do not report on intratumoral hem-
orrhage after WBRT [7-9]. A retrospective study on SRS
and ipilimumab reported a hemorrhage rate of 42 % in
treated BM [24]. A second report on SRS and ipilimumab
reported no increase in hemorrhage when ipilimumab was
added to SRS [25]. In the phase II study of ipilimumab
alone for melanoma BM, one patient was noted to have
grade 4 brain hemorrhage attributed to the disease, though
ipilimumab could not be ruled out as an etiologic factor
[22]. Whether the high rate of hemorrhage observed in our
study is due to the natural course of melanoma BM or
whether it is due to the WBRT and/or ipilimumab cannot
be determined in this single-arm retrospective study.
However, the rate we observed, coupled with previously
published data on radiation and ipilimumab, emphasizes
the need for prospective study of the combination of cranial
irradiation and ipilimumab with careful assessment of in-
tratumoral hemorrhage. Ongoing trials such as a phase I
study of ipilimumab and WBRT or SRS in patients with
melanoma and BM (clinicaltrials.gov: NCT01703507) will
help clarify the safety of combining ipilimumab and brain
radiation.

A limitation of this study is the small size of the
described patient cohort and its retrospective nature.
Additional limitations include our inability to capture late
toxicity and the variability of follow-up in patients in the
3 months post-treatment which limits our assessment of
treatment-related toxicity.

In conclusion, this study demonstrates that there may be
a role for combining WBRT and ipilimumab in the treat-
ment of patients with metastatic melanoma and multiple
BM. The pattern of response seems to largely be one of SD.
Future studies are needed to better assess efficacy and
toxicity of combining WBRT and ipilimumab with par-
ticular attention to rates of intratumoral hemorrhage and
careful assessment of radiographic response such that cases
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of stable disease are not erroneously misclassified as
progression.
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