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Abstract

We report a case of novel radiation treatment referred to asminibeam radiation therapy (MBRT) that was used
to treat recurrent mucosal melanoma. The patient’s disease recurred after surgery, conventional radiation
therapy, and 4 lines of systemic therapy, and then, the patient was referred to our clinic. Despite substantial
disease progression after multiple prior therapies, a complete metabolic and clinical response, along with an
improved quality of life and performance status, was achieved after 2 treatments of MBRT. Additionally,
disease response was noted in an unirradiated abdominal metastasis. The MBRT treatments were well-
tolerated, with minimal toxicity reported more than 6 months posttreatment. This case highlights the po-
tential of MBRT as a completely novel form of radiation therapy that warrants further study.
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O ur institution recently translated, for
the first time in humans, an innova-
tive and potentially paradigm-

shifting radiation therapy (RT) treatment called
minibeam radiation therapy (MBRT).1 This
novel form of treatment uses orthovoltage
radiotherapy and a tungsten collimating device
to divide a uniform radiation beam into many
0.5-mm wide beamlets (Figure 1). Preclinical
investigations over several decades have shown
the heterogeneous dose distributions of peak
(high) and valley (low) doses that are the hall-
mark of MBRT can result in distinct biological
responses in both tumor and normal tissues.2-6

In this case report, we describe the clinical
response of a patient with recurrent mucosal
melanoma who was treated with MBRT after
having failed multiple lines of systemic therapy,
surgery, and prior RT.
CASE

Patient Background
A 64-year-old man with recurrent metastatic
sinonasal melanoma involving the right face
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with a vision-compromising exophytic mass
surrounding the right eye was referred to our
radiation oncology clinic after having failed
multiple lines of systemic therapy, surgery,
and prior external beam radiotherapy at an
outside institution. He was originally diag-
nosed with mucosal melanoma of the right
maxillary sinus after workup for long-term up-
per respiratory tract symptoms 2.5 years prior.
At that time, computed tomography (CT) scan
at diagnosis showed a large right maxillary si-
nus mass extending into the posterior inferior
medial portion of the right orbit and into the
right pterygopalatine fossa, with erosion of
the cribriform plate. A transnasal endoscopic
biopsy of the mass showed high-grade malig-
nant neoplasm, consistent with malignant
melanoma, BRAF wild type, KIT L576P
mutated. A staging positron emission tomog-
raphy (PET)/CT showed no evidence of distant
metastatic disease at initial diagnosis.

The patient was started on ipilimumab and
nivolumab, but only 2 cycles were delivered
due to intolerable whole body dermatitis and
COVID infection causing acute hypoxic
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FIGURE 1. Schematic representation of minibeam radiation therapy (MBRT). (A) MBRT uses a tungsten collimator with narrow slits
to divide an initially uniform beam of orthovoltage x-rays into distinct planar minibeams that are 0.5 mm wide and spaced 1.1 mm on
center. (B) The resulting heterogeneous dose distribution consists of high-dose “peaks” and low-dose “valleys”. (C) Radiation-sensitive
film shows a cross-sectional view of a circular MBRT field. Peak regions correspond to the open slits in the collimator and are seen as
dark lines, whereas the adjacent valley regions are blocked by the collimator and remain unexposed.
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respiratory failure. Five months after initiation
of dual checkpoint inhibitors, restaging mag-
netic resonance imaging (MRI) showed no
response, and his therapy was switched to car-
boplatin and paclitaxel. After 4 cycles of
chemotherapy, a follow-up MRI still showed
no response. The patient then underwent a
right maxillary sinus tumor percutaneous
embolization, intra-arterial tumor emboliza-
tion of the right sphenopalatine branch, fol-
lowed by resection of sinonasal and anterior
skull-base mucosal melanoma. Postoperative
MRI revealed nodular abnormal contrast
enhancement in the deep tissues of the right
buccal region worrisome for residual tumor.
Therefore, the patient underwent a right lateral
rhinotomy with an upper lip split to excise the
residual right maxillary tumor 1 month later.
Final pathology showed mucosal melanoma
involving skeletal muscle and bone in the right
maxillary sinus with positive lateral and supe-
rior bone margins. He then underwent a revi-
sion right lateral rhinotomy to clear the
margins. MRI 1 month after this final surgery
revealed an aggressive regrowth of a large
enhancing mass, approximately 4.1 cm in
the greatest extent, involving the right orbit
with involvement of the lacrimal gland and
displacement of the lateral and inferior recuts
with possible invasion into the lateral rectus
insertion of the globe. The patient was experi-
encing pressure symptoms from the extrusion
Mayo Clin Proc Inn Qual Out n August 2025
of the regrowth and ecchymosis of the eye at
this time.

In an attempt to palliate his symptoms, 45
Gy in 15 fractions of conventional RT was
delivered to the right orbit, optic nerve, and
maxillary sinus tumor bed at an outside insti-
tution and occurred approximately 1 year after
his initial diagnosis. After RT, he was started
on imatinib 400 mg twice daily, followed by
nivolumab a month later.

After 4 months of imatinib and nivolumab,
the patient was evaluated by ophthalmology
for right lower lid ectropion. A right orbital
mass resection was performed, which patho-
logically confirmed recurrent malignant mela-
noma. He continued imatinib and nivolumab
postoperatively. A few months later, MRI of
the brain and orbits showed new enhancing
nodular lesions along the inferior aspect of
the right orbit anterior to the frontal process
of the zygoma. A restaging CT chest/
abdomen/pelvis also revealed increased size
of a right lower quadrant nodule and new
left adrenal nodule, all concerning for metasta-
tic disease. A biopsy of the right lower quad-
rant abdominal soft tissue mass showed
metastatic melanoma.

At 20 months after his initial diagnosis
and 10 months after completion of palliative
RT, the patient was started on nilotinib, which
was his fourth line of therapy. A restaging CT
abdomen and pelvis revealed high-grade
;9(4):100640 n https://doi.org/10.1016/j.mayocpiqo.2025.100640
www.mcpiqojournal.org

https://doi.org/10.1016/j.mayocpiqo.2025.100640
http://www.mcpiqojournal.org


FIGURE 2. Patient response and setup photographs. (A) Photograph of the tumor on the first day of minibeam radiation therapy
(MBRT) to the right inferior orbit. (B) MBRT treatment setup photograph, showing a patient-specific 3-dimensionaleprinted colli-
mator holder affixed to the patient’s face, which secures the tungsten collimator directly over the target. The tungsten collimator slides
into the holder, and an 8-cm diameter cone is brought in contact with the tungsten and defined the MBRT field size. Photographs of
treatment response taken (C) 1 week, (D) 2 weeks, (E) 5 weeks, and (F) 11 weeks after the initial MBRT treatment to the right inferior
orbit.

MINIBEAM RT FOR RECURRENT MUCOSAL MELANOMA
obstruction at the level of the second portion
of the duodenum secondary to 5.9-cm mass
arising from the duodenum or pancreatic
head. He underwent palliative gastrojejunos-
tomy for relief of obstruction. He subse-
quently developed biliary obstruction
requiring transduodenal biliary stent place-
ment. At this point, the large periorbital
mass with concern for skin ulceration was
obstructing vision in his right eye
(Figure 2A). Unfortunately, the patient’s mela-
noma was unresponsive to nilotinib, and
tumor-infiltrating lymphocyte (TIL) therapy
was planned, which requires up to 6 weeks
Mayo Clin Proc Inn Qual Out n August 2025;9(4):100640 n https://
www.mcpiqojournal.org
of ex vivo stimulation and expansion of lym-
phocytes. There was concern that the mass
would develop ulceration or other local com-
plications that would prevent lymphodeplet-
ing chemotherapy or interleukin 2 infusion.
As a bridge to TIL therapy with lifileucel,
palliative reirradiation to the inferior orbital
disease using MBRT was discussed with the
goal of providing local control to reduce
symptoms and improve quality of life. Patient
consent was thorough, and included the ratio-
nale for MBRT, the paucity of human clinical
data, and alternatives including no anticancer
therapy.
doi.org/10.1016/j.mayocpiqo.2025.100640 3
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MBRT Treatment
Full details of the MBRT treatment process
have been published elsewhere.1 Briefly,
MBRT treatment planning consisted of a pre-
treatment CT scan and delineation of the gross
tumor volume (GTV). A patient-specific 3-
dimensionaleprinted plastic collimator hold-
er, which conformed to the patient’s face, was
fabricated. This device holds the tungsten
collimator in place directly above the GTV.
For MBRT treatment delivery, the plastic colli-
mator holder with the collimator in place was
secured to the patient. A total peak dose of
60 Gy to the skin surface was prescribed to
be delivered in 2 daily fractions to the right
inferior orbit and maxillary sinus treatment.
The 180-kV output from an Xstrahl 300
(Xstrahl Inc) orthovoltage unit was used for
treatment. An 8-cm diameter circular cone
defined the overall field size and was posi-
tioned such that the end of the cone was flush
with the surface of the tungsten collimator
(Figure 2B). Between the first and second frac-
tions, the tungsten collimator was rotated by
90�. Therefore, the peak dose prescription cor-
responds to the overlapping regions of the slits
between the 2 fractions. The valley dose was 4
Gy per fraction and the irradiation time 11 mi-
nutes. Sixweeks later, the processwas repeated
to treat the right upper medial orbit with a pre-
scription peak dose of 50 Gy to the skin surface
in 2 daily fractions. Due to the smaller size and
shallow depth of the target, a 5-cm diameter
circular cone and 100-kV x-ray energy was
used. The valley dose per fraction was 2.7 Gy
and the irradiation time 8 minutes. The patient
remained on nilotinib during bothMBRT treat-
ments. Photographs of the tumor on the first
day of MBRT, the treatment setup, and the
response over time are shown in Figure 2. All
photographs are used with patient consent.

Response and Adverse Effects
Within days following the first fraction of
MBRT, the patient reported improvements in
his ability to open his eye. Over the next
several weeks, he reported significant and
rapid shrinkage of the mass surrounding his
right eye with improved vision. In the first 2
weeks after MBRT, he went through a period
of keratoconjunctivitis that was treated with
eye drops. He reported an initial “sunburn
like” sensation over the skin in the treatment
Mayo Clin Proc Inn Qual Out n August 2025
field that resolved around one month after
treatment. Grade 1 erythema was noted in
the MBRT field without dry or moist desqua-
mation. He denied eye pain during or after
treatment, besides some muscular pain with
eye movement at the end of the day.

PET/CT imaging before and after MBRT to
the right inferior orbit and face showed a com-
plete metabolic response of metastatic mela-
noma at 13 weeks post-MBRT consistent with
clinical response (Figures 2 [photographs] and
3A, B). PET/CT imaging before and 7 weeks af-
ter MBRT to the right upper medial orbit also
showed a complete metabolic response
(Figure 3C, D). Additionally, an abscopal
response of the right intra-abdominal lesion
was noted with complete metabolic response
and corresponding clinical improvement in
his abdominal pain and early satiety
(Figure 4). The patient’s appetite and perfor-
mance status improved drastically with weight
gain, and he went on to receive TIL therapy
15 and 9 weeks after MBRT to the right inferior
orbit and right upper medial orbit, respectively.
Therefore, the images in Figures 2-4 were all ac-
quired before TIL therapy. The most recent
PET/CT imaging 6 months after MBRT showed
persistent complete metabolic response to all
sites of disease. Additionally, results of circu-
lating tumor DNA assays (Natera Inc) showed
continually decreasing levels of circulating tu-
mor DNA after the first MBRT treatment. These
levels were undetectable starting 4 months after
MBRT and continue to be undetectable at the
most recent time point of 6 months.

DISCUSSION
We report safe and effective use of MBRT in a
highly challenging clinical scenario involving
recurrent mucosal melanoma. Prior to MBRT,
the patient reported in this case report expe-
rienced disease progression despite maximal
extent of surgery, prior RT, and 4 lines of sys-
temic therapy. However, a dramatic treat-
ment response and corresponding
improvement in quality of life was noted after
2 novel MBRT treatments to the right inferior
orbit and face and right upper medial orbit.
Furthermore, the MBRT treatments were
well-tolerated with the patient reporting min-
imal toxicity more than 6 months after treat-
ment with no decline in visual acuity or any
eye-related symptoms including scleritis or
;9(4):100640 n https://doi.org/10.1016/j.mayocpiqo.2025.100640
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FIGURE 3. Positron emission tomography/computed tomography (PET/CT) images show complete
metabolic response of recurrent mucosal melanoma after minibeam radiation therapy (MBRT). (A) Initial
PET/CT 1 week before first MBRT treatment shows a large enhancing mass in the right inferior orbit. (B)
Subsequent tumor response 13 weeks after MBRT. (C) Initial PET/CT showing enhancing mass in the right
upper medial orbit 10 days before the second course of MBRT. (D) Subsequent tumor response 7 weeks
after the second MBRT treatment to the right upper medial orbit.

MINIBEAM RT FOR RECURRENT MUCOSAL MELANOMA
retinitis. Surprisingly, an abscopal response
was noted in his unirradiated abdominal
metastasis, which led to a significant
improvement in patient’s oral intake and
FIGURE 4. Despite not being treated with radiation the
reported response of the right lower quadrant soft tis
minibeam radiation therapy (MBRT) to the right inferior

Mayo Clin Proc Inn Qual Out n August 2025;9(4):100640 n https://
www.mcpiqojournal.org
performance status. Although long-term
follow-up and clinical trials are required to
further determine the safety of MBRT, the
lack of acute toxicity is promising and
rapy, Positron emission tomography/computed tomography (PET/CT) imaging
sue mass (indicated by white circle). (A) One week before the first course of
orbit. Tumor response at (B) 4.5 and (C) 13weeks after the first course ofMBRT.
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mirrors several preclinical MBRT studies.7-11

Accordingly, the normal tissue sparing capac-
ity of MBRT may prove useful in patients
requiring reirradiation since they are at sub-
stantial risk for toxicity. A phase 1 dose esca-
lation trial to determine the maximum
tolerated dose of MBRT is planned at our
institution with tissue and blood collection
to study response mechanisms. As a case
report, our findings have limitations. Careful
interpretation is warranted as results for the
single patient reported in this report may
not be generalizable to a broader population
and cannot establish causality due to the
observational nature.
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