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Brain metastasis in a patient with melanoma
receiving Pembrolizumab therapy
A case report and review of the literature
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Abstract
Rationale:Melanomawith brainmetastasis is associatedwith a poor prognosis and highmortality rate. As patients with this condition
have been excluded from most clinical trials, data on the use of anti–programmed death 1 therapy for these patients are limited.

Patient concerns: The patient was a 62-year-old man with a 10-year history of melanotic nevus in his right forearm. He was
admitted to another hospital in August 2015 due to the growth of the melanotic nevus over 1 year and complaint of a mass in the right
mid-axillary area. The patient had no relevant medical, surgical, or family history.

Diagnoses: The biopsy of his right axillary lymph node showed malignant melanoma.

Interventions:Hewassubsequently treatedwithadjuvanthigh-dose interferonafterdacarbazine.Numerousmetastatic lesionswere found
in his lung, abdomen, pelvic cavity, and brain after fivemonths later, and then Pembrolizumabwas used for six cycles (2mg/kg every 3weeks).
He experienced immunorelated adverse events and we gave him cortisol to treat immunorelated disease until pneumonia was found.

Outcomes:We observed a delayed effect after three cycles of Pembrolizumab, the intracranial lesion presented clear margins and
localization, while the other lesions became much smaller. A mixed response was observed after four cycles, with still stable
extracranial metastases but growing a new lesion in brain. After two additional cycles of Pembrolizumab, the treatment was stopped
due to the patient’s inability to pay for it and a decline in his performance status. He then received palliative treatment at a local hospital
and died for severe pulmonary infection, with an overall survival time of 7 months from metastasis.

Lessons: In the case reported here, a delayed and mixed response was observed after Pembrolizumab was used. Because of
causing severe pulmonary infection, the use of steroids should be considered carefully when treating immunorelated adverse events.
It seemed that the Pembrolizumab has a positive effect on melanoma brain metastases especially combined with other treatments.
However, there are still some challenges including patient selection, predictors of response, drug tolerance, optimizing combination
strategies and control of adverse effects. More carefully designed clinical trials are urgently needed.

Abbreviations: BBB= blood brain barrier, BRAF = Raf murine sarcoma viral oncogene homolog B, CNScr= central nervous system
control rate, CT = computed tomography, CTCAE (v4.03) = Common Terminology Criteria for Adverse Events (version 4.03), CTLA-4 =
cytotoxicT-lymphocyte-associatedprotein4,HSPE=heat shockprotein, ICAM= intercellular cell adhesionmolecule, IFN= interferon, JAK-
STAT = Janus protein tyrosine kinase signal transducer and activator of transcription, MAPK =mitogen-activated protein kinase, MBM =
melanoma brainmetastases, MRI=magnetic resonance imaging, NR= not reported, OS= overall survival, PD-1= programmed death 1,
PD-L1 = programmed death ligand 1, PI3K-AKT = phosphatidylinositol 3 kinase/protein kinase B, PTEN = phosphatase and tensin
homolog deleted on chromosome ten, RT= radiotherapy, SRS= stereotactic radiosurgery, TILs= tumor-infiltrating lymphocytes, VCAM=
vascular cell adhesion molecule, VEGF-A = factors like vascular endothelial growth factor A, WBRT = whole-brain radiation therapy.
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1. Introduction

Melanoma is the most aggressive skin cancer derived from
melanocytes. An estimated 20,000 Chinese patients are newly
diagnosed each year, with a 3–5% annual growth rate.[1] The
median overall survival (OS) time is <1 year, and 5-year survival
rates of metastatic disease do not exceed 10%.[2] Given the
difficulty of early diagnosis, up to 37% of patients with
metastatic melanoma have developed brain metastases, with a
high mortality rate and median OS time of <6 months.[3]

Nevertheless, approximately 5% of patients with melanoma
brain metastases (MBM) survive long term with standard
management options, such as surgery, stereotactic radiation,
whole-brain radiation therapy (WBRT), chemotherapy, targeted
therapy, or combined treatment.[4] In clinical studies, the
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitor
Ipilimumab has shown activity in patients with untreated
MBM.[5] The programmed death 1(PD-1) inhibitor Pembrolizu-
mab appears to be more effective, with fewer adverse effects than
the CTLA-4 inhibitor, but data on the use of anti-PD-1 therapies
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in patients with such metastasis are limited. Due to concerns
about potential neurological sequelae of brain metastases, most
clinical trials have excluded affected patients.[6] Here, we describe
a case of advanced melanoma with brain metastases that was
treated with Pembrolizumab and review the literatures.
2. Case report

The patient was a 62-year-old man with a 10-year history of
melanotic nevus in his right forearm. He was admitted to another
hospital in August 2015 due to the growth of the melanotic nevus
over 1 year and the complaint of a mass in the right mid-axillary
area. The patient had no relevant medical, surgical, or family
history. Ultrasound revealed an enlarged lymph node (4�4cm)
in the right mid-axillary area. The melanotic nevus was excised
and the right axillary lymph node was dissected completely. The
biopsy showed malignant melanoma with 1.5mm invasion. No
test for Raf murine sarcoma viral oncogene homolog B (BRAF
V600E) mutation was conducted. The patient then presented to
our department. Physical examination and ultrasound revealed
enlarged lymph nodes in the right (2.5�0.6cm) and left (2.7�
0.5cm) groin areas. Enhanced computed tomography (CT) and
brain magnetic resonance imaging (MRI) showed no other lesion.
In September 2015, the patient started 4 cycles of dacarbazine
(500mg/day for 5 consecutive days every 21 days). He was
subsequently treated with adjuvant high-dose interferon (IFN),
which was increased gradually from 3 to 12 million units.
In January 2016, the patient presented headache, dyspnea, and

cough. CT showed discrete scattered lesions in both lungs and the
pelvic cavity (Figs. 1A and 2A). MRI revealed a mass measuring
2.4�1.9cm in the right posterior frontal lobe (Fig. 3A). The
patient commenced therapy with 6 cycles of the PD-1 inhibitor
Pembrolizumab (2mg/kg every 3 weeks). He experienced
immunorelated adverse events in April 2016 (during the second
Figure 1. Enhanced CT images of the lungs before and after 2 to 4 cycles of
pembrolizumab treatment. (B) The lesions increased in number and size after 2
significantly reduced after 3 cycles of treatment. (D) Interstitial pneumonia was fo

2

cycle), we gave him cortisol to treat immunorelated disease until
his pneumonia was founded (Table 1). The symptoms were
relieved after 1 cycle, but the lesions continued to grow. After 3
cycles, the number and size of lesions in the lung, abdomen, and
pelvic cavity had decreased markedly (Figs. 1C and 2C). The
intracranial lesion presented clear margins, localization, the
disappearance of edema, and glial hyperplasia (Fig. 3C and D).
After an additional cycle, a new lesion appeared in the right
occipital lobe (Fig. 4), with high signal intensity on T1- and T2-
weighted images, and the other lesions remained stable. We
recommended a biopsy of the new lesion, but the patient refused
due to the invasiveness of the examination. Another 2 additional
cycles of Pembrolizumab, the treatment was stopped due to the
patient’s inability to pay for it and a decline in his performance
status. He then received palliative treatment at a local hospital
and died within a short period due to severe intrapulmonary
infection. The OS time of this patient was 7 months after
metastasis.
3. Discussion

Many drugs (e.g., fotemustine and temozolomide) are not
effective for the treatment of melanoma with brain metastasis due
to the blood–brain barrier.[7] With emerging studies of immune
checkpoint inhibitors (anti-CTLA-4/anti-PD1), immunotherapy
has brought hope to MBM patients. Clinical trials have proven
the efficacy of ipilimumab (the CTLA-4 inhibitor), with reported
central nervous system control rates of 16–65% and median OS
times of 2.5 to 29.3 months, grade 3 to 4 toxicity was 6 to 44.7%
(Table 2).[8–20] However, few trials have specifically studied the
activity of anti-PD1 drugs in MBM patients. Some researchers
have explored the efficacy of Pembrolizumab in MBM patients,
the outcome seemed optimistic combined with radiotherapy
(Table 2).[21–24] However, these studies had many limitations,
pembrolizumab therapy. (A) Many lesions were present in both lobes before
cycles of treatment. (C) The number and size of lesions in both lungs were
und, especially in the right lobe, after 4 cycles of treatment.



Figure 2. Enhanced CT images of the pelvic cavity before and after 2 to 4 cycles of pembrolizumab therapy. (A) A lesion was found in the posterolateral right psoas
muscle. (B) The lesion became larger after 2 cycles of treatment. (C) Lesion size was reduced significantly after 3 cycles of treatment. (D) Lesion size was further
reduced after 4 cycles of treatment.
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including the incompleteness of survival data, small samples,
retrospective nature, and exclusion of patients with symptomatic
or large brain metastases. Hence, a carefully designed prospective
large scale clinical trial is urgently needed.
The mechanism of immune checkpoint inhibitors in patients

with MBM is not clear. Previous findings suggested that these
drugs could not penetrate the blood–brain barrier.[25] Margolin
et al[5] argued that these drugs worked on the general immune
system, and activated the T cells that might cross an intact blood
brain barrier. Silk et al[10] considered that the blood brain barrier
was damaged in contrast enhancing MBM. Consequently,
immune checkpoint inhibitors could be able to enter and activate
T cells. An important issue currently is to find the predictive and
prognostic factors of MBM patients. One study of stage III
reported that loss of expression of phosphatase and tensin
homolog deleted on chromosome ten (PTEN) will lead to
activation of the phosphatidylinositol 3 kinase/protein kinase B
(PI3K-AKT) pathway, and promote MBM.[26] Activation of
Janus protein tyrosine kinase signal transducer and activator of
transcription (JAK-STAT) signaling pathway and factors like
vascular endothelial growth factor A (VEGF-A), heat shock
protein (HSPE), connexins, were also risks of MBM though
enhancing blood brain barrier (BBB) hyperpermeability or
invasiveness of melanoma cells to the brain.[27] The high density
of tumor infiltrating lymphocytes, a neo-antigen signature and
high mutational load were associated with the survival of MBM
patients.[28] Patrick detected a strong negative correlation of
programmed death ligand 1 (PD-L1) with brain metastasis size,
with a higher PD-L1 level in brain metastases smaller than 30mm
in diameter.[29] Recently, several studies described that patients
with PD-L1 expression have a better objective response rates and
longer OS than those with PD-L1 negativity in a variety of
tumors,[30,31] but not in others.[32,33] PD-L1 cannot be used as a
prognostic factor for the following main reasons: 1) biopsy at a
single point fully encompassing PD-L1 expression is difficult, as
the dynamic interaction between immunity and the neoplasm
3

(PD-1/PD-L1 axis) is considered to form part of the adaptive
immune system[30]; 2) the inflammatory cytokine IFN-g can
unregulated PD-L1 expression (biopsies taken during early anti-
PD-1 treatment showed increased expression in previously PD-L1
negative tumors)[34]; 3) no standard method for PD-L1 detection
and precise definition of its positive expression have been
established[35]; and 4) clinical trials have demonstrated substan-
tial response to anti-PD-1 drugs in a significant number of
patients with PD-L1-negative tumors[36,37] and the use of PD-L1
positivity as a biological marker will eliminate the potential
benefit to these patients. Therefore, the presence of PD-L1 should
not be a unique factor governing the administration of anti-PD-1
therapy.
Approximately 50%ofmelanomapatients haveBRAFmutation

and V600E point mutation is the most frequently observed. BRAF
tyrosine kinase inhibitors like Vemurafenib and Dabrafenib have
shown improved disease control rates of up to 92% in V600E
mutation patients, while, the response of BRAF inhibitors is merely
6 to 20% in V600Kmutation patients.[38] Unfortunately, a disease
will recur within 12 months in almost all patients treated with
BRAF inhibitors; they developed resistance to BRAF inhibitors
most likely troughmutations resulting inmitogen-activated protein
kinase (MAPK) reactivation.[39,40] Studies had demonstrated that
combination of BRAF and MEK inhibition will prolong progres-
sion free survival in extracranial metastatic melanoma; however,
there is still no definitive conclusion in MBM patients. Preclinical
data suggested a better brain penetration of Dabrafenib.[41]

According to National Comprehensive Cancer Network (NCCN)
guidelines, genetic testing should have been done on the dissected
lymphoma node to get BRAF V600E status as Vemurafenib is the
first line therapy for metastaticmelanoma. Due to our hospital was
unable to conduct the V600E mutation and Dabrafenib/Vemur-
afenib was not available in China, we did not consider the target
therapy in our case.
Melanoma is relatively radiation resistant, median survival

was 3.4 months and 2.1 months, respectively, for MBM patients
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Figure 3. EnhancedMRI of the brain before and after 2 to 4 cycles of pembrolizumab therapy. (A) A lesion (2.4cm�1.9cm) with low signal intensity on T2-weighted
sequences was present in the right posterior frontal lobe. (B) The lesion (2.5cm�2.1cm) showed mixed signal intensity with obvious surrounding edema after 2
treatment cycles. (C) The edema disappeared and the lesion was smaller (2.2cm�1.8cm) with signal intensity increased after 3 cycles of treatment. (D) The signal
became even and glial hyperplasia was found in the lesion (2.2cm�1.6cm) after 4 cycles of treatment.
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who underwent WBRT and supportive care; the intracranial
metastatic control and OS following WBRT+SRS were not
different than after SRS alone.[27] Current recommendations are
for use of SRS for patients with�4 brain metastases that�3cm in
diameter.[27] There are many lesions in the lungs and the pelvic
cavity (Figs. 1A and 2A) when the brain lesion was found, as well
as his performance status was poor, we considered that he could
not tolerate and benefit from the surgery or radio surgery, so we
recommended immunotherapy. Studies have demonstrated
enhanced efficacy of anti-PD-1 antibodies when combined with
Table 1

Immunorelated adverse events.

Adverse event CTCAE (v4.03) Onset

Diarrhea 2 1st cycle
Oral mucositis 2 1st cycle
Fatigue 2 1st cycle
Hyperthyroidism 1 2nd cycl
Hypopituitarism 3 2nd cycl
Interstitial pneumonia 3 4th cycle

CTCAE (v4.03) =Common Terminology Criteria for Adverse Events (version 4.03).

4

radiotherapy (Table 2). In theory, antigen release due to cell death
caused by the radiation increases the T cell mediated immune
response facilitated by the immune checkpoint inhibitor
treatment. Radiation enhances antitumor immunity by activation
of dendritic cells and up-regulation of adhesion molecules, such
as intercellular cell adhesion molecule (ICAM) and vascular cell
adhesion molecule (VCAM) in the BBB. Effector T cells activated
by anti-PD-1treatment have high expression of adhesion
molecules ligands, such as integrins, which would increase their
penetration of BBB while providing for a re-activation of the T
Treatment Outcome

Montmorillonite powder Cure
Vitamin B2 Improvement
Rest Improvement

e Dehydrocortisone Improvement
e Dehydrocortisone Improvement

Antibiotic+ dehydrocortisone Worsening



[42]

Figure 4. Enhanced MRI showed a new lesion in the right occipital lobe after 4
cycles of pembrolizumab therapy.

Table 2

Studies of immunotherapy in patients with melanoma and brain met

First author,
publication year Study design n Treatm

Weber, 2011[8] Prospective phase II 12 Ipilimumab 10 mg/kg q3
Di Giacomo, 2012[9] Prospective phase II 20 Ipilimumab 10 mg/kg q3

fotemustine
Margolin, 2012[5] Prospective phase II 72 Ipilimumab 10 mg/kg q3
Knisely, 2012[14] Retrospective 77 Ipilimumab
Mathew, 2013[15] Retrospective 25 Ipilimumab 3 mg/kg q3w
Silk, 2013[10] Retrospective 70 Ipilimumab 3 mg/kg q3w
Konstantinou, 2014[16] Retrospective 38 Ipilimumab 3 mg/kg q3w
Queirolo, 2014[17] Retrospective 146 Ipilimumab 3 mg/kg q3w
Patel, 2015[18] Retrospective 44 Ipilimumab 3 mg/kg wit
Kiess, 2015[11] Retrospective 46 Ipilimumab 3 or 10 mg/
Tazi, 2015[12] Retrospective 31 Ipilimumab + SRS
Schoenfeld, 2015[13] Retrospective 16 Ipilimumab 3 or 10 mg/
Jones, 2015[19] Retrospective 12 Craniotomy+ ipilimumab
Frenard, 2016[20] Retrospective 52 Ipilimumab 3 mg/kg q3w
Ahmed, 2016[21] Retrospective 21 Pembrolizumab (7) 2 m

q 3 weeks + RT
Nivolumab (14) 3 mg

25 ipilimumab 3 mg/kg q3w
+ RT

Sagun Parakh, 2017[22] Retrospective 66 Pembrolizumab2 mg/kg
q 3 weeks + RT
Nivolumab3 mg/kg q

Erik S. Anderson, 2017[23] Retrospective 21 Pembrolizumab 2or10 m
q 3 weeks + RT

31 ipilimumab 3 mg/kg q3w
+ RT

Sarah B Goldberg, 2016[24] Prospective phase II 18 Pembrolizumab 10 mg/k

RT= radiotherapy,
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cells already present at the tumor site. However, the best
combined strategy is still unknown. In a retrospective study, they
found that immune checkpoint therapy administered within
4 weeks of SRS (either prior to or after SRS) results in favorable
OS and intracranial disease control compared to if immunother-
apy and SRS are used more than 4 weeks apart.[43] What would
be happened if we add the doses of anti-PD1 drugs? Clinical trials
have shown no improvement in the objective response rate and
no difference in adverse effects of 10mg/kg relative to 2mg/kg
Pembrolizumab in 3-weekly intervals in patients with melano-
ma.[44–46] Whether the results would be similar in patients with
brain metastases remains unknown. Other combined treatments
(i.e., with 2 checkpoint inhibitors or one checkpoint inhibitor
with chemotherapy/ targeted therapy) have also been explored, a
better response was achieved.[28] Despite initial success, there are
still some challenges including patient selection and predictors of
response, drug tolerance, optimizing combination strategies and
control of adverse effects.[30] More clinical trials about the
survival benefit of combination regimes specially concentrating
on brain metastatic are therefore required.
Pneumonitis has been reported in 0.4 to 4.3% of patients

receiving Pembrolizumab at a median time of 5months after anti-
PD-1 therapy[47]; our patient developed severe pneumonitis
3 months earlier. The incidence rates of hypophysitis and
hypothyroidism were 0.5% and 1.2%, respectively, at a median
time of 1.3 to 1.7 months after anti-PD-1 drug used.[47,48]

Our patient developed hypophysitis and hypothyroidism at
1.5 months, consistent with these reports. In clinical trials, the
effects of immunotherapy seem to be influenced by steroids; for
astases.

ent
Landmark
results

Median survival,
months

Grade 3–4
toxicity

wks + budesonide CNScr 41.6% 14.0 16.6%
wks�4 cycles + CNScr 50.0% 13.4 2%

wks�4 cycles CNScr 19.5% 3.7–7.0 5.6%
2-year OS 47.2% 21.3 NR

ks�4 cycles CNScr 65% 5.9 28%
ks�4 cycles + RT NR 18.3 3.9%
ks�4 cycles CNScr 16% 3.3 44.7%
ks�4 cycles CNScr 27% 4.3 6%

hin 4 months SRS 1-year CNScr 71.4% 1-year OS 37.1% NR
kg + SRS 1-year OS 40–65% 12.4 17.4%

3-year OS 50% 29.3 23.9%
kg + RT 1-year OS 54% 14 14.4%
3 or 10 mg/kg NR 7 NR
ks�4 cycles NR 2.5 NR

g/kg

/kg q 2 weeks+ RT

6/12-month CNScr
61%/38%

6/12-
month OS
81%/66%

0

ks 6/12-month CNScr
26%/21%

6/12-month OS
84%/50%

0

2 weeks + RT

CNScr
56%

9.9 NR

g/kg CNScr
70%

NR 0

ks CNScr
32%

NR 0

g q2wks+ RT Response rate 22% NR 12%
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example, the remission rate was higher in patients who did not
receive steroids, but whether this difference reflects antagonism
between the drugs or the more severe condition of those using
steroids remains unclear.[17] Data from extracranial metastatic
melanoma indicates that corticosteroid treatment for the control
of immune related side effects does not alter response probabili-
ty.[49] Harter found that corticosteroids neither affect the amount
of tumor-infiltrating lymphocytes (TILs) nor PD-L1 expression in
MBM.[29] Hence, we guess that steroid will not influence the
effect of Pembrolizumab in MBM patients. We had used cortisol
to treat immunorelated adverse events in our case, and found that
the hyperthyroidism and hypopituitarism became better. Never-
theless, the patient developed severe pulmonary infection. Thus,
the pros and cons of steroid use should be considered carefully for
increasing the risk of infection, and the appropriate dose and
duration will be determined in future studies.
Immune checkpoint inhibitors activate T cell and result in

subsequent disease control, some patients present initially with a
stabilization of the disease and delayed tumor shrinkage only
after several weeks or months of treatment.[28] The lesions
observed in our case became smaller after 3 cycles of
Pembrolizumab reflecting the delayed nature of immunother-
apy’s anti-tumor effects. Patients with pulmonary metastases
have shown good responses to immune checkpoint inhibitors,[50]

and we observed a better response in our patient’s pulmonary
lesions than in his other lesions, which may be related to the
abundance of blood in the lungs. The antitumor effect is mediated
by T cells and the initial influx of immune cell in the tumor tissue
can cause pseudoprogression, which was most happened in the
combination of immune checkpoint inhibitors and stereotactic
radiosurgery.[28] A new lesion appeared after 4 cycles of
treatment in our patient, it might be pseudoprogression or
inflammation rather than progression, to better determine the
nature of this lesion, a biopsy was strongly recommended. We
considered it progression, as it showed high signal intensity on
T1- and T2-weighted images, unlike inflammation or pseudo-
progression. However, the lesions in the lung and pelvic cavity
became smaller. A mixed response was observed, with still stable
extracranial metastases but progress of MBM. We speculated
that this difference is related to the blood–brain barrier, or to the
variable drug responses of different tissues.
The prognosis of brain metastasis melanoma patients was

poor. The emergence of immune monitoring point inhibitors has
brought hope to these patients. In the case reported here, a
delayed and mixed response was observed after Pembrolizumab
was used. Because of causing severe pulmonary infection, the use
of steroids should be considered carefully when treating
immunorelated adverse events. In addition, as data on tumor
PD-L1 expression and OS are not consistent, the prognostic and
predictive value of PD-L1 measurement is not clear. It seemed
that the Pembrolizumab has a positive effect on MBM especially
combined with other treatments. Despite initial success, many
questions related to patient selection, predictors of response, drug
tolerance, optimizing combination strategies, and control of
adverse effects remain to be answered. With the development of
numerous clinical trials and related questions to be resolved, we
believe that more advanced and optimized immunotherapy
benefitting patients with melanoma will become available.
Acknowledgments

We thank Professor Xian Zhang for assisting in the preparation
of this manuscript.
6

References

[1] Guo J, Qin S, Liang J, et al. Chinese Guidelines on the Diagnosis and
Treatment of Melanoma (2015 Edition). Ann Transl Med 2015;3:322.

[2] Jang S, Atkins MB. Treatment of BRAF-mutant melanoma: the role
of vemurafenib and other therapies. Clin Pharmacol Ther 2014;95:
24–31.

[3] Busch C, Krochmann J, Drews U. Human melanoma cells in the
rhombencephalon of the chick embryo: a novel model for brain
metastasis. Exp Dermatol 2012;21:944–7.

[4] Davies MA, Liu P, McIntyre S, et al. Prognostic factors for survival in
melanoma patients with brain metastases. Cancer 2011;117:1687–96.

[5] Margolin K, Ernstoff MS, Hamid O, et al. Ipilimumab in patients with
melanoma and brain metastases: an open-label, phase 2 trial. Lancet
Oncol 2012;13:459–65.

[6] Gandini S, Massi D, Mandala M. PD-L1 expression in cancer patients
receiving anti PD-1/PD-L1 antibodies: a systematic review and meta-
analysis. Crit Rev Oncol Hematol 2016;100:88–98.

[7] Ostheimer C, Bormann C, Fiedler E, et al. Malignant melanoma brain
metastases: treatment results and prognostic factors—a single-center
retrospective study. Int J Oncol 2015;46:2439–48.

[8] Weber JS, Amin A, Minor D, et al. Safety and clinical activity of
ipilimumab in melanoma patients with brain metastases: retrospective
analysis of data from a phase 2 trial. Melanoma Res 2011;21:530–4.

[9] Di Giacomo AM, Ascierto PA, Pilla L, et al. Ipilimumab and fotemustine
in patients with advanced melanoma (NIBIT-M1): an open-label, single-
arm phase 2 trial. Lancet Oncol 2012;13:879–86.

[10] Silk AW, Bassetti MF, West BT, et al. Ipilimumab and radiation therapy
for melanoma brain metastases. Cancer Med 2013;2:899–906.

[11] Kiess AP, Wolchok JD, Barker CA, et al. Stereotactic radiosurgery for
melanoma brain metastases in patients receiving ipilimumab: safety
profile and efficacy of combined treatment. Int J Radiat Oncol Biol Phys
2015;92:368–75.

[12] Tazi K, Hathaway A, Chiuzan C, et al. Survival of melanoma patients
with brain metastases treated with ipilimumab and stereotactic
radiosurgery. Cancer Med 2015;4:1–6.

[13] Schoenfeld JD, Mahadevan A, Floyd SR, et al. Ipilmumab and cranial
radiation in metastatic melanoma patients: a case series and review.
J Immunother Cancer 2015;3:50.

[14] Knisely JP, Yu JB, Flanigan J, et al. Radiosurgery for melanoma brain
metastases in the ipilimumab era and the possibility of longer survival.
J Neurosurg 2012;117:227–33.

[15] MathewM, TamM, Ott PA, et al. Ipilimumab in melanoma with limited
brain metastases treated with stereotactic radiosurgery. Melanoma Res
2013;23:191–5.

[16] KonstantinouMP, Dutriaux C, Gaudy-Marqueste C, et al. Ipilimumab in
melanoma patients with brain metastasis: a retrospective multicentre
evaluation of thirty-eight patients. Acta Derm Venereol 2014;94:
45–9.

[17] Queirolo P, Spagnolo F, Ascierto PA, et al. Efficacy and safety of
ipilimumab in patients with advanced melanoma and brain metastases.
J Neurooncol 2014;118:109–16.

[18] Patel KR, Shoukat S, Oliver DE, et al. Ipilimumab and stereotactic
radiosurgery versus stereotactic radiosurgery alone for newly diagnosed
melanoma brain metastases. Am J Clin Oncol 2017;40:444–50.

[19] Jones PS, Cahill DP, Brastianos PK, et al. Ipilimumab and craniotomy in
patients with melanoma and brain metastases: a case series. Neurosurg
Focus 2015;38:E5.

[20] Frenard C, Peuvrel L, Jean MS, et al. Development of brain metastases in
patients with metastatic melanoma while receiving ipilimumab. J
Neurooncol 2016;126:355–60.

[21] Ahmed KA, Abuodeh YA, Echevarria MI, et al. Clinical outcomes of
melanoma brain metastases treated with stereotactic radiosurgery and
anti-PD-1 therapy, anti-CTLA-4 therapy, BRAF/MEK inhibitors,
BRAF inhibitor, or conventional chemotherapy. Ann Oncol 2016;27:
2288–94.

[22] Parakh S, Park JJ, Mendis S, et al. Efficacy of anti-PD-1 therapy in
patients with melanoma brain metastases. Br J Cancer 2017;116:
1558–63.

[23] Anderson ES, Postow MA, Wolchok JD, et al. Melanoma brain
metastases treated with stereotactic radiosurgery and concurrent
pembrolizumab display marked regression; efficacy and safety of
combined treatment. J Immunother Cancer 2017;5:76.

[24] Goldberg SB, Gettinger SN, Mahajan A, et al. Pembrolizumab for
patients with melanoma or non-small-cell lung cancer and untreated
brain metastases: early analysis of a non-randomised, open-label, phase 2
trial. Lancet Oncol 2016;17:976–83.



[25] Fonkem E, Uhlmann EJ, Floyd SR, et al. Melanoma brain metastasis: [38] Long GV, Menzies AM, Nagrial AM, et al. Prognostic and clinicopatho-

Song et al. Medicine (2017) 96:50 www.md-journal.com
overview of current management and emerging targeted therapies.
Expert Rev Neurother 2012;12:1207–15.

[26] Bucheit AD, Chen G, Siroy A, et al. Complete loss of PTEN protein
expression correlates with shorter time to brainmetastasis and survival in
stage IIIB/C melanoma patients with BRAFV600 mutations. Clin Cancer
Res 2014;20:5527–36.

[27] Cohen JV, Tawbi H, Margolin KA, et al. Melanoma central nervous
system metastases: current approaches, challenges, and opportunities.
Pigment Cell Melanoma Res 2016;29:627–42.

[28] Berghoff AS, Preusser M. Targeted therapies for melanoma brain
metastases. Curr Treat Options Neurol 2017;19:13.

[29] Harter PN, Bernatz S, Scholz A, et al. Distribution and prognostic
relevance of tumor-infiltrating lymphocytes (TILs) and PD-1/PD-L1
immune checkpoints in human brain metastases. Oncotarget 2015;
6:40836–49.

[30] Lee J, Kefford R, Carlino M. PD-1 and PD-L1 inhibitors in melanoma
treatment: past success, present application and future challenges.
Immunotherapy 2016;8:733–46.

[31] ReckM, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab versus
chemotherapy for PD-L1-positive non-small-cell lung cancer. N Engl J
Med 2016;375:1823–33.

[32] Dix JPG, de Souza VL, Scapulatempo NC, et al. Evaluation of PD-L1
expression in tumor tissue of patients with lung carcinoma and
correlation with clinical and demographic data. J Immunol Res
2016;2016:9839685.

[33] Taube JM, Anders RA, Young GD, et al. Colocalization of inflammatory
response with B7-h1 expression in human melanocytic lesions supports
an adaptive resistance mechanism of immune escape. Sci Transl Med
2012;4:127r–37r.

[34] Spranger S, Spaapen RM, Zha Y, et al. Up-regulation of PD-L1, IDO,
and T (regs) in the melanoma tumor microenvironment is driven by CD8
(+) T cells. Sci Transl Med 2013;5:116r–200r.

[35] Gadiot J, Hooijkaas AI, Kaiser AD, et al. Overall survival and PD-L1
expression in metastasized malignant melanoma. Cancer 2011;117:
2192–201.

[36] Daud AI, Wolchok JD, Robert C, et al. Programmed death-ligand 1
expression and response to the anti-programmed death 1 antibody
pembrolizumab in melanoma. J Clin Oncol 2016;34:4102–9.

[37] Kirchberger MC, Hauschild A, Schuler G, et al. Combined low-dose
ipilimumab and pembrolizumab after sequential ipilimumab and
pembrolizumab failure in advanced melanoma. Eur J Cancer 2016;
65:182–4.
7

logic associations of oncogenic BRAF in metastatic melanoma. J Clin
Oncol 2011;29:1239–46.

[39] Arance AM, Berrocal A, Lopez-Martin JA, et al. Safety of vemurafenib in
patients with BRAF V600 mutated metastatic melanoma: the Spanish
experience. Clin Transl Oncol 2016;18:1147–57.

[40] Rizos H, Menzies AM, Pupo GM, et al. BRAF inhibitor resistance
mechanisms in metastatic melanoma: spectrum and clinical impact. Clin
Cancer Res 2014;20:1965–77.

[41] Patel BG, Ahmed KA, Johnstone PA, et al. Initial experience with
combined BRAF and MEK inhibition with stereotactic radiosurgery for
BRAF mutant melanoma brain metastases. Melanoma Res 2016;26:
382–6.

[42] Haymaker CL, Kim D, Uemura M, et al. Metastatic melanoma patient
had a complete response with clonal expansion after whole brain
radiation and PD-1 blockade. Cancer Immunol Res 2017;5:100–5.

[43] Jhawar SR, Kaufman HL, Goyal S. Timing and type of immune
checkpoint therapy affect the early radiographic response of melanoma
brain metastases to stereotactic radiosurgery. Cancer 2016;3576–7.

[44] Hamid O, Robert C, Daud A, et al. Safety and tumor responses with
lambrolizumab (anti-PD-1) inmelanoma.NEngl JMed 2013;369:134–44.

[45] Ribas A, Puzanov I, Dummer R, et al. Pembrolizumab versus
investigator-choice chemotherapy for ipilimumab-refractory melanoma
(KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol
2015;16:908–18.

[46] Robert C, Ribas A,Wolchok JD, et al. Anti-programmed-death-receptor-
1 treatment with pembrolizumab in ipilimumab-refractory advanced
melanoma: a randomised dose-comparison cohort of a phase 1 trial.
Lancet 2014;384:1109–17.

[47] Ramalingam S, Hui R, Gandhi L, et al. P2.39: long-term OS for
patients with advanced NSCLC enrolled in the KEYNOTE-001 study of
Pembrolizumab: track: immunotherapy. J Thorac Oncol 2016;11(10S):
S241–2.

[48] de Filette J, Jansen Y, Schreuer M, et al. Incidence of thyroid-related
adverse events in melanoma patients treated with pembrolizumab. J Clin
Endocrinol Metab 2016;101:4431–9.

[49] Harmankaya K, Erasim C, Koelblinger C, et al. Continuous systemic
corticosteroids do not affect the ongoing regression of metastatic
melanoma for more than two years following ipilimumab therapy. Med
Oncol 2011;28:1140–4.

[50] Ribas A, Hamid O, Daud A, et al. Association of pembrolizumab with
tumor response and survival among patients with advanced melanoma.
JAMA 2016;315:1600–9.

http://www.md-journal.com

	Brain metastasis in a patient with melanoma receiving Pembrolizumab therapy
	Outline placeholder
	1 Introduction
	3 Discussion
	Acknowledgments

	References


