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ABSTRACT

Introduction: Proton craniospinal irradiation (pCSI) is a treatment option for leptomeningeal disease (LMD),
which permits whole neuroaxis treatment while minimizing toxicity. Despite this, patients inevitably experience
progression. Adding systemic therapy to pCSI may improve outcomes. Methods: In this single-institution
retrospective case series, we present the feasibility of treatment with pCSI (30Gy, 10 fractions) and an immune
checkpoint inhibitor (ICI) in two sequential patients with LMD from melanoma. Results: The first patient
developed LMD related to BRAF V600E-mutant melanoma after prior ICI and BRAF-targeted therapy. After pCSI
with concurrent nivolumab, the addition of relatlimab, and BRAF-targeted therapy, he remained alive 7 months
after LMD diagnosis despite central nervous system progression. The second patient developed LMD related to
BRAF-wildtype melanoma after up-front ICI. He received pCSI with concurrent ipilimumab and nivolumab, then
nivolumab maintenance. Though therapy was held for ICI hepatitis, the patient remained progression-free 5
months after LMD diagnosis. Conclusion: Adding an ICI to pCSI is feasible for patients with LMD and
demonstrates a tolerable toxicity profile. While prospective evaluation is ultimately warranted, pCSI with ICI may
confer survival benefits, even after prior ICI.

Keywords: leptomeningeal disease, proton therapy, craniospinal irradiation, immune checkpoint inhibitors, immunotherapy

INTRODUCTION

Leptomeningeal disease (LMD), the spread of cancer
into the pia mater and arachnoid membrane encasing
the brain and spinal cord, is a devastating pattern of
cancer progression.[1] The prognosis of LMD from solid
tumors is poor, with a median overall survival (OS) of
approximately 3 to 6 months.[1,2] Although individuals
whose tumors have actionable mutations for which
targeted therapies are available may be exceptions to
the dismal prognosis, these patients represent a minority

of cases.[3] Survival 6 months after LMD diagnosis is
rare.[4]

Historically, LMD has been treated with photon-based
whole-brain radiotherapy with focal spinal radiotherapy
(RT) to symptomatic areas or craniospinal irradiation
(CSI).[5] Photon CSI is associated with toxicities, such
as weight loss, myelosuppression, and esophagitis.[6]

Proton CSI (pCSI) has emerged as a novel technique to
treat the entire neuroaxis while limiting normal tissue
toxicities.[7] Rather than the progressive dose fall off
seen with photon radiation, protons deposit most of
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their energy within a few millimeters of their end
range, effectively eliminating exit radiation dose.[8]

This allows therapeutic radiation dose delivery to the
craniospinal axis, sparing the vertebral bone marrow
and the anterior torso organ system and demonstrating
an improved toxicity profile.[8] The efficacy of proton
compared with photon RT has been evaluated across
multiple clinical trials for a diverse range of pediatric
and adult solid tumors.[9] Though evidence is not yet
definitive and multiple studies are ongoing, available
data suggest similar efficacy but decreased toxicity of
proton compared with photon therapy for prostate,
lung, and esophageal cancers.[9]

The safety and tolerability of pCSI for patients with LMD
were established in a phase I clinical trial.7 In this study, 24
patients with LMD were treated with pCSI. Median central
nervous system (CNS) progression-free survival (PFS) was 7
months, and median OS was 8 months. The study includ-
ed a heterogeneous population with 11 (46%) patients hav-
ing non–small cell lung cancer (NSCLC) with actionable
EGFR, ALK, or ROS1 mutations.[7] None of the patients in
this trial hadmelanoma.
Another clinical trial compared pCSI with involved field

photon radiation.[10] Forty-two patients were treated with
pCSI and 21 with photon-involved field RT, defined as
whole-brain radiotherapy and/or focal spinal radiotherapy.
Time to CNS tumor progression, PFS, and OS were im-
proved in the pCSI arm compared with the photon RT
arm. A significant benefit in CNS PFS was observed with
pCSI (median 7.5 months; 95% CI, 6.6 months to not
reached) compared with photon RT (2.3 months; 95% CI,
1.2–5.8). Median OS for pCSI was 9.9 months (95% CI,
7.5–NA) compared with 6.0 months for photon RT (95%
CI, 3.9–NA).[10] Six patients in this trial had melanoma, but
patient-level survival data were not provided for these indi-
viduals. Nevertheless, many patients in the study experi-
enced disease progression after treatment and succumbed
to LMD. The addition of systemic therapy to pCSI may im-
prove outcomes.
Immune checkpoint inhibitors (ICI) have proven effi-

cacy in numerous systemic malignancies, including
melanoma.[11] Given its prior successes, ICI monothera-
py was studied for patients with LMD.[12,13] In one
study, 13 patients with LMD from solid tumors were
treated with pembrolizumab. Median CNS PFS was 2.9
months, and median OS was 4.9 months.[12] In a second
study, 20 patients with LMD were treated with pembro-
lizumab monotherapy. Median CNS PFS was 2.6 months,
and median OS was 3.6 months, with the study meeting
its primary endpoint with a 3-month OS of 60%.[13]

The utility of combining RT with immunotherapy is
promising in the field of cancer treatment.[14] While RT
has been regarded as immunosuppressive and associated
with lymphopenia, RT-mediated killing of neoplastic tis-
sue can also act as a functional in situ vaccination, gener-
ating a systemic immune response.[15] This is evidenced
by the abscopal effect, where nonirradiated tissue reduces

in size after RT treatment of a separate lesion.[16] By
treating an otherwise ICI-resistant tumor with RT, this
functional vaccination may prime the immune system
to a heightened response from subsequent immuno-
therapy.[14] This combination was efficacious in the
PACIFIC phase III clinical trial of NSCLC, with a median
OS of 47.5 months for patients treated with chemoradia-
tion followed by anti–PD-L1 ICI durvalumab compared
with 29.1 months for patients treated with placebo after
chemoradiation.[17] The KEYNOTE-799 phase II trial for
stage III unresectable NSCLC with anti–PD-1 ICI pembro-
lizumab showed a similar benefit.[18]

The combination of stereotactic radiosurgery (SRS)
with ICIs nivolumab or ipilimumab was studied in pa-
tients with brain metastases related to melanoma.[19]

The results from the combination of SRS with anti–
CTLA-4 ICI ipilimumab were inconsistent, with some
studies demonstrating improved intracranial PFS and
OS from combination therapy while others finding no
such benefit.[19] In a study of 80 consecutive patients
with melanoma brain metastases, the 12-month intracra-
nial PFS rate was 42% (95% CI, 24%–65%) for patients re-
ceiving SRS and anti–PD-1 ICI nivolumab and 17% (95%
CI, 5%–31%) for those treated with SRS and ipilimumab,
suggesting increased benefit from anti–PD-1 compared
with anti-CTLA4–targeted ICI.[20] We hypothesized that
combining pCSI with ICI may improve outcomes for
patients with LMD from melanoma.

METHODS

The Mayo Clinic institutional review board approved
this study and granted a waiver of consent for retrospec-
tive analysis. In this single-institution retrospective case
series, we present the feasibility of treatment with pCSI
and ICI in two sequential patients with LMD frommela-
noma. Both patients were treated at Mayo Clinic in
Rochester, Minnesota, with a combination of pCSI and
ICI. pCSI was administered as 30 Gy in 10 fractions us-
ing a Hitachi proton therapy system, with ICI adminis-
tered at the discretion of the treating oncologists. Data
were retrieved and recorded for each patient from the
clinic’s medical records, including patient demograph-
ics, disease characteristics, treatment, procedures, evalu-
ations related to LMD treatment, and response. No
exclusions were made relating to patient sex, race, or
age. Patient follow-up was through June 2023.

RESULTS

Patient 1
A male patient in his 30s was diagnosed with BRAF

V600E-mutant melanoma, initially presenting as a right,
lower back skin lesion (Fig. 1A). Excisional biopsy con-
firmed the diagnosis with negative sentinel lymph node
biopsies. The patient received no adjuvant therapy and
was followed clinically. Twenty months after the initial
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melanoma diagnosis, he was seen for right middle back
and right groin soft tissue lesions. The lesions were
resected, and the pathology was consistent with metastatic
melanoma. Fludeoxyglucose F18 (FDG) positron-emission

tomography (PET) revealed hypermetabolic lesions involv-
ing the liver, right groin, and left posterior chest wall. The
patient was started on ipilimumab (anti–CTLA4 ICI) and
nivolumab (anti–PD1 ICI). After two treatment cycles, the
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Figure 1. Timeline of patient disease course and proton craniospinal irradiation treatment plans. (A) Patient 1 timeline of disease course. (B)
Patient 1, sagittal view, proton craniospinal irradiation plan. Prescribed 30 Gy in 10 fractions. (C) Patient 2 timeline of disease course. (D) Patient 2,
sagittal view, proton craniospinal irradiation plan. Prescribed 30 Gy in 10 fractions.

SLN: sentinel lymph node; R: right; CT: computerized tomography; PET: positron-emission tomography; ICI: immune checkpoint inhibitor;
Enc: encorafenib; Bin: binimetinib; LMD: leptomeningeal disease; MRI: magnetic resonance imaging; pCSI: proton craniospinal irradiation; Gy:
Gray; PC: paclitaxel and carboplatin; IT: intrathecal; IL2: interleukin-2; SRS: stereotactic radiosurgery; Ipi: ipilimumab; pembro: pembrolizumab;
LN: lymph node; SBRT: stereotactic body radiotherapy; nivo: nivolumab.
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patient had stable disease but developed immune-related
hepatitis refractory to prednisone, requiring the addition of
mycophenolate and discontinuation of ICI. Three months
later, he was started on encorafenib and binimetinib,
which was stopped after 1 month due to urticaria.
At 27 months after diagnosis, FDG PET demonstrated a

systemic response to BRAF-targeted therapy. However, the
patient presented with nausea and exertional headache.
A brain MRI revealed diffuse intracranial LMD, and cere-
brospinal fluid cytology was positive for malignant cells.
He was started on nivolumab and briefly resumed on
encorafenib and binimetinib, the latter of which was
then held for pCSI (30 Gy in 10 fractions, Fig. 1B). The
patient tolerated pCSI well with no toxicities other than
Common Terminology Criteria for Adverse Events grade
1 fatigue dysgeusia.[21] After completing pCSI, the patient
was started on dabrafenib and trametinib. Anti–LAG-3
ICI relatlimab was later added. Three months after the
completion of pCSI, diffuse leptomeningeal CNS radio-
graphic progression was noted. Carboplatin and paclitaxel
were started. The patient also underwent Ommaya cathe-
ter placement and received intrathecal interleukin-2 (IL2).
One month after intrathecal IL2 therapy initiation, an
MRI of the brain demonstrated further LMD progression.
IL2 and relatlimab were stopped, and bevacizumab and
ipilimumab were added. The patient remained alive
7 months after LMD diagnosis and continued combina-
tion systemic therapy.

Patient 2
A male patient in his 70s was diagnosed with BRAF-

wildtype melanoma after a biopsy of a nodular lesion
involving their right thigh (Fig. 1C). The initial PET
demonstrated multiple hypermetabolic lesions involv-
ing right upper extremity, thoracic, and bilateral lower
extremity musculature, as well as multiple cervical,
thoracic, and retroperitoneal lymph nodes. A brain
MRI identified a left frontal lobe lesion, which was
treated with stereotactic radiosurgery (SRS). He started
systemic therapy with ipilimumab. A surveillance MRI
of the brain identified additional metastases, treated
with SRS. Five months after the initial diagnosis, a PET
scan demonstrated systemic progression with an FDG-
avid lymph node biopsy confirming metastatic mela-
noma. The patient was treated with pembrolizumab
for 6 months with a radiographic response on PET im-
aging. Ninety months after the initial diagnosis, a
brain MRI identified two new left frontal metastases,
again treated with SRS. After this, the patient was started
on ipilimumab and nivolumab.
Almost 9 years after the initial diagnosis, a brain MRI

demonstrated enhancement involving bilateral inter-
nal auditory canals consistent with LMD, which was
asymptomatic. An MRI 1 month later demonstrated in-
creasing findings of LMD. Owing to rapid radiographic
progression and high clinical suspicion for LMD, cere-
brospinal fluid analysis was deferred, and the patient

was urgently treated with pCSI (30 Gy in 10 fractions,
Fig. 1D) with concurrent nivolumab and ipilimumab.
The patient had a Common Terminology Criteria for
Adverse Events grade 1 headache and fatigue during
pCSI.[21] Approximately 2 months later, the clinical
course was complicated by the development of ICI
hepatitis. The patient improved after discontinuing
ICI and administering corticosteroids and mycophe-
nolate mofetil. He remained progression free and asymp-
tomatic from LMD 5 months after diagnosis, with a
resolution of leptomeningeal enhancement on the most
recent imaging.

DISCUSSION

We report two consecutive patients with LMD related
to melanoma treated with pCSI and ICI, showing that
this approach is feasible in clinical practice with a signal
of possible improved survival. One of our patients had a
radiographic response (Fig. 2), further supporting the ef-
fectiveness of therapy.
Both patients received ICI before diagnosis of LMD and

later received additional ICI in combination with pCSI
for LMD. While patient 1 experienced CNS radiographic
progression despite the combination of pCSI, ICI, and
BRAF-targeted therapy, he remained alive 7 months after
LMD diagnosis and has tolerated multiple ICIs targeting
PD1, CTLA4, and LAG-3. Patient 2 stabilized after pCSI
and ICI treatment with evidence of radiographic response
and remained progression free and asymptomatic from
LMD 5months after diagnosis (Fig. 2).
Although our patient cohort is small and requires

prospective evaluation, combination treatment with
pCSI and ICI has a tolerable toxicity profile. Our first
patient did experience ICI-induced hepatitis before a
diagnosis of LMD and pCSI. Despite this, he tolerated
pCSI concurrently with nivolumab without toxicities
requiring ICI therapy interruption or discontinuation.
He later tolerated the addition of relatlimab, again
without severe toxicity, requiring ICI discontinuation.
Our second patient developed hepatitis related to ipili-
mumab and nivolumab, but this was 2 months after
completion of pCSI and the initiation of dual ICI ther-
apy. While it is conceivable that preceding pCSI poten-
tiated this toxicity, hepatitis is a known adverse event
associated with ICI therapy. For example, combined
nivolumab and ipilimumab therapy was associated
with grade 3 or greater alanine transaminase elevations
in 16% of participants in a prior metastatic melanoma
clinical trial.[22]

CONCLUSION

LMD is characterized by high-symptom burdens, a dis-
mal prognosis, and inevitable and relentless disease pro-
gression. Tolerance and preliminary efficacy of pCSI have
been demonstrated in two previously reported clinical
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trials.[4,7,10] However, disease progression still occurs after
pCSI, with patients only rarely demonstrating an OS longer
than 6 months. There is a great need for novel therapeutics
to alleviate symptom burden and prolong survival. Our ex-
perience with these patients demonstrates that the addi-
tion of systemic therapy to pCSI is both clinically feasible
and has promising initial responses.
Patients with radiation-resistant tumors may benefit

from the addition of ICI. Additionally, patients previously
treated with ICI may still derive benefit from combination
therapy, as evidenced by the two cases reported here. Add-
ing targeted therapy to pCSI and ICI may be feasible in se-
lect cases where such options are available. While broad
conclusions regarding the safety and tolerability of this ap-
proach cannot be drawn based on this limited experience,
a prior meta-analysis does support the safety of combining
RT with ICI for melanoma CNS metastases.[23] This may be
applicable to LMD related to melanoma or, more broadly,
to other solid tumors with progressive LMD, as we have
also seen benefits in a patient with lung cancer.[24] Factors
such as performance status at the time of LMD diagnosis,
corticosteroid use, prior systemic therapies, and prior neu-
roaxis RT may influence which patients derive the most
benefit from pCSI ICI combination therapy and must be
elucidated with further study. Prospective evaluation of
this approach, including consideration of optimal radia-
tion and ICI dosing based on underlying tumor type, is
ultimately warranted given the critical need for novel
therapies for LMD, the longer-than-expected survival in
our patients, and the radiographic response in one of our
patients (which rarely occurs in LMD). A trial evaluating

the combination of pCSI and ICI is currently under de-
velopment at our institution.
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