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Simple Summary: Mucosal malignant melanoma is a type of head and neck cancer with a high mor-
tality rate. Although favorable local control has been reported when using carbon ion radiotherapy
(CIRT) to treat mucosal malignant melanoma of the head and neck, the prognosis remains unsatisfac-
tory because of the tendency for early distant metastasis. In recent years, favorable outcomes have
been reported for the use of immune checkpoint inhibitors (ICIs) as adjuvant therapy for cutaneous
malignant melanoma, indicating their potential applicability to mucosal malignant melanoma. In
addition to achieving favorable local control with CIRT, the control of distant metastasis using ICIs is
expected to prolong survival. The findings of this analysis indicate that the use of ICIs as adjuvant
therapy can improve prognosis following CIRT, offering a new treatment option.

Abstract: The development of new treatment strategies to improve the prognosis of mucosal ma-
lignant melanoma of the head and neck (MMHN) after carbon ion radiotherapy (CIRT) is essential
because of the risk of distant metastases. Therefore, our objective was to evaluate the outcomes
of immune checkpoint inhibitor (ICI) treatment to justify its inclusion in the regimen after CIRT.
Thirty-four patients who received CIRT as an initial treatment were included in the analysis and
stratified into three groups: those who did not receive ICIs (Group A), those who received ICIs after
recurrence or metastasis (Group B), and those who received ICIs as adjuvant therapy after CIRT
(Group C). In total, 62% of the patients (n = 21) received ICIs. The 2-year local control and overall
survival (OS) rates for all patients were 90.0% and 66.8%, respectively. The 2-year OS rates for patients
in Groups A, B, and C were 50.8%, 66.7%, and 100%, respectively. No significant differences were
observed between Groups A and B (p = 0.192) and Groups B and C (p = 0.112). However, a significant
difference was confirmed between Groups A and C (p = 0.017). Adjuvant therapy following CIRT for
MMHN may be a promising treatment modality that can extend patient survival.

Keywords: mucosal melanoma; head and neck cancer; carbon ion radiotherapy; immune checkpoint
inhibitors; nivolumab; adjuvant therapy; quality of life; cost–benefit analysis
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1. Introduction

Malignant melanoma is a tumor that arises from melanocytes and is most often
diagnosed as skin cancer [1]. It is also found in mucous membranes, ocular choroid, and
pia mater [2]. In Europe, the annual incidence rate of malignant melanoma is 1.5 per
1,000,000 individuals, making it an extremely rare tumor. Mucosal malignant melanoma
accounts for only 0.7–3.8% of all malignant melanomas [3–6]. In the head and neck region,
it is most frequently detected in the paranasal and nasal sinuses, followed by the oral
cavity and pharyngeal mucosa [2,7,8]. Mucosal malignant melanoma has a rapid clinical
course, with a 5-year survival rate of 25–46%, even after complete surgical resection,
making it one of the head and neck cancers with the highest mortality rate [5,9,10]. In
the guidelines developed in the UK and US, surgery is the primary treatment modality,
followed by radiotherapy and drug therapy [11,12]. Postoperative irradiation is effective in
improving local control; however, it is often reported that it does not contribute to extended
survival [13–19]. The lack of a difference in survival rates following adjuvant therapy
emphasizes the need to reassess current treatment approaches for malignant melanoma of
the head and neck (MMHN). Moreover, the observation of distant metastasis as the primary
cause of treatment failure indicates that novel systemic therapies hold greater promise than
postoperative radiotherapy [20–22].

In a randomized phase III trial (CheckMate 238 trial) that evaluated the effectiveness
of adjuvant therapy in completely resected cases of malignant melanoma (most cases were
cutaneous in origin), the use of nivolumab as postoperative adjuvant therapy demonstrated
a longer recurrence-free survival and distant metastasis-free survival (DMFS) period than
postoperative adjuvant therapy with ipilimumab [23,24]. Although a therapeutic treatment
specifically targeting mucosal malignant melanoma has not been administered in randomized
controlled trials, the aforementioned CheckMate 238 trial had a small subset of cases where
mucosal malignant melanoma comprised approximately 3% of the total cases. This inclusion
indicates that adjuvant therapy with nivolumab is efficient in mucosal melanoma treatment.

Carbon ion radiotherapy (CIRT) has superior dose distribution, higher linear energy
transfer, and higher relative biological effectiveness (RBE) compared to photon radiation
therapy. According to a multicenter retrospective observational study (J-CROS 1402HN)
focusing on MMHN treated with CIRT, the 5-year local control (LC) and overall survival
(OS) were 72.3% and 44.6%, respectively [25]. Nevertheless, distant metastases occur
frequently, and despite relatively favorable LC, the OS outcomes are not satisfactory. It
is necessary to develop novel therapeutic strategies to achieve further improvements. To
date, there has been a limited number of reports evaluating the efficacy of adjuvant therapy
with immune checkpoint inhibitors (ICIs) in cases of MMHN patients treated with CIRT.
In this study, the efficacy, safety, quality of life (QOL), and cost-effectiveness of ICIs were
assessed to understand the significance of adjuvant therapy use after CIRT.

2. Materials and Methods
2.1. Patients and Methods

This retrospective study analyzed the clinical data of patients with locally advanced
MMHN who underwent CIRT at our institution between May 2017 and November 2023. In
March 2024, the clinical data were collected. The inclusion criteria for CIRT were as follows:
(1) histologically confirmed MMHN, except for choroidal melanoma; (2) N0 or N1 and M0
status; (3) medically inoperable cases or patients who refused surgery; and (4) an Eastern
Cooperative Oncology Group (ECOG) performance status of 0–2. This study was approved
by the hospital institutional review board (approval number: 2023eki-66). Clinical stages
were classified according to the TNM Classification of Malignant Tumors, 8th edition. The
staging was determined using computed tomography (CT), magnetic resonance imaging
(MRI), ultrasound, positron emission tomography–CT, and physical examination. In this
study, cases involving treatment (e.g., surgery or drug therapy) before CIRT were excluded
from the analysis (Figure 1). Our treatment strategy for unresectable MMHN is nivolumab
administration following CIRT. In cases in which nivolumab administration was not rec-
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ommended because of factors such as advanced age, poor performance status, and refusal
by patients, ICI administration was reconsidered upon recurrence or metastasis. Cases
were stratified into those who did not receive ICI therapy (Group A), those involving ICI
therapy after recurrence or metastases (Group B), and those incorporating ICI treatment as
adjuvant therapy after CIRT (Group C) (Figure 1).
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2.2. CIRT

CIRT was administered at a total dose of 64.0 Gy (RBE). This was divided into
16 fractions and performed for 4 weeks. For N1 cases, irradiation was administered simul-
taneously to both the primary tumor and the metastatic lymph nodes. We did not perform
prophylactic radiotherapy of the lymphatic region. Dose calculation and optimization were
performed using Monaco version 5.20 (Elekta Solutions AB, Stockholm, Sweden).

2.3. ICI Therapy

Nivolumab was used for ICI treatments as adjuvant therapy after CIRT. We admin-
istered 240 mg every 2 weeks or 480 mg every 4 weeks. The ICIs used for patients with
local recurrence or distant metastases were either a combination of nivolumab and ipili-
mumab or nivolumab alone. Nivolumab/ipilimumab combination therapy consisted of
four courses of 80 mg of nivolumab and 3 mg/kg of ipilimumab every 3 weeks, followed by
the administration of nivolumab alone at 240 mg every 2 weeks or 480 mg every 4 weeks.

2.4. Evaluation

Treatment efficacy was assessed using the Revised RECIST guideline (version 1.1).
Adverse events were evaluated using the Common Terminology Criteria for Adverse
Events, version 5.0. Adverse events that occurred within 6 months after CIRT initiation
were defined as acute events, whereas those that occurred after 6 months were defined as
late events. We assessed adverse events and treatment efficacy on a weekly basis during
radiation therapy, on a monthly basis for 1 year following CIRT, every 2–3 months during
the second year, and every 3–4 months from the third year onward. The evaluation of
treatment efficacy via CT and MRI was performed every 2–3 months.
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2.5. QOL Analyses

QOL analyses were conducted using EQ-5D-5L (EuroQol-5-Dimensions-5-Level, Euro-
Qol, Rotterdam, The Netherlands) and EQ VAS (EuroQol Visual Analogue Scale) [26–28].
The baseline point was defined as that before CIRT initiation, and EQ-5D-5L and EQ VAS
scores were evaluated at 1, 3, 6, 9, 12, 15, 18, 21, and 24 months after CIRT initiation.

2.6. Cost Parameters

Medical expenses were calculated from the consultation date at the Department of
Radiation Oncology, Kanagawa Cancer Center, to 29 February 2024. Quality-adjusted life
year (QALY) was calculated by multiplying the QOL value, which was quantified based on
the EQ-5D-5L, according to the survival period. The incremental cost-effectiveness ratio
(ICER) was evaluated based on the incremental cost and QALYs.

2.7. Statistical Analysis

Patient characteristics were compared using the chi-square test. Cumulative OS, LC,
DMFS, and progression-free survival (PFS) were estimated using the Kaplan–Meier method.
The observation period was defined as beginning with the starting date of the CIRT. All the
statistically significant (p < 0.05) factors assessed in the univariate analysis were reflected in
the Cox proportional hazards model. The comparison of pretreatment and post-CIRT EQ-
5D-5L and EQ VAS scores was performed using the Wilcoxon signed-rank test. Statistical
tests were performed using SPSS version 26 (IBM, New York, NY, USA).

3. Results

From 2017 to 2023, a total of 43 patients with a diagnosis of MMHN received CIRT
at our institution. Patients who underwent surgery or drug therapy before CIRT were
excluded from the analysis (Figure 1). There were 34 cases evaluated, and the patient
characteristics are presented in Table 1. The median follow-up duration for all patients
was 17.4 months (range: 3.4–66.0 months), and that for survivors was 26.6 months (range:
3.4–66.0 months).

Table 1. Patient characteristics.

All Cases Group A * Group B * Group C * p Value
34 13 10 11

Age (years) Median (range) 72 (49–94) 82 (54–94) 71 (55–79) 68 (49–83) 0.009

Sex Male 11 4 4 3 0.814Female 23 9 6 8

ECOG PS
0 11 7 3 1

0.1641 22 6 6 10
2 1 0 1 0

Tumor location

Nasal cavity 24 10 7 7

0.614Paranasal 8 2 3 3
Oral cavity 1 1 0 0

Pharynx 1 0 0 1
Tumor stage (UICC 8th) T3 10 4 2 4 0.707T4 24 9 8 7
Nodal stage (UICC 8th) N0 32 12 10 10 0.636N1 2 1 0 1
Tumor diameter (mm) Median (range) 52 (12–75) 54 (12–72) 61 (31–67) 50 (35–75) 0.139

PD-L1 expression status
≥5% 9 2 3 4

0.165<5% 7 1 4 2
Unknown 18 10 3 5

BRAF mutation status
Wild-type 15 3 5 7

0.134Mutation 1 0 1 0
Unknown 18 10 4 4

Operability Yes 12 3 2 7 0.057No 22 10 8 4
PTV volume (mL) Median (range) 156.0

(87.5–212.7)
151.2

(87.5–197.4)
153.8

(111.2–189.9)
156.2

(121.0–212.7) 0.920

* Group A, cases without ICI administration; Group B, cases administered with ICIs after recurrence or metastasis;
Group C, cases administered with ICIs as adjuvant therapy.
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3.1. OS

The OS of all patients is shown in Figure 2a. The OS of patients that were classified
according to whether they received ICI and the timing of administration is shown in
Figure 2b. A total of ten patients died, of which eight died from cancer and two from
conditions unrelated to the disease (one from pneumonia and one from drowning). The
OS rates for all patients were 79.7% and 66.8% at 1 and 2 years, respectively (Figure 2a).
For those who received ICI therapy, the 1- and 2-year OS rates were 100% and 78.6%,
respectively; for those who had not undergone ICI treatment (Group A), the OS rates were
50.8% and 50.8%, respectively. A significant intergroup difference was observed (p = 0.020,
Supplementary Figure S1). The 1- and 2-year OS rates for patients who received ICI after
local recurrence or distant metastases (Group B) were 100% and 66.7%, respectively.
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The 1- and 2-year OS values for patients treated with ICIs as adjuvant therapy after
CIRT (Group C) were 100%, and those for patients treated with ICIs after progressive
disease (Group B) were 100% and 66.7%, respectively. In terms of OS, no significant
difference was detected between Groups B and C (p = 0.122, Figure 2b) or between Groups
A and B (p = 0.192). However, a significant difference was found between Groups A and C
(p = 0.017).

3.2. LC

Local recurrence was observed in two patients 5.7 and 15.1 months after CIRT, re-
spectively. The 1- and 2-year LC rates for all patients were 96.4% and 90.0%, respectively
(Figure 2a). For patients treated with adjuvant ICIs, the LC rates were both 100%, whereas
for those not subjected to ICI treatment, the rates were 95.0% and 85.5%, respectively,
reflecting that there was no significant difference (p = 0.343, Supplementary Figure S2a).

3.3. DMFS and PFS

The 1- and 2-year DMFS rates of patients treated with adjuvant ICIs (Group C) were
100% and 80%, respectively, whereas those not administered with ICIs were 40.6% and
35.5%, respectively, indicating a significant difference (p = 0.008, Supplementary Figure S2b).
Similarly, the 1- and 2-year PFS rates of patients who underwent adjuvant ICIs (Group
C) were 100% and 80%, respectively, compared with 37.7% and 33.0%, respectively, for
patients who did not undergo adjuvant ICIs (p = 0.004, Supplementary Figure S2c).

3.4. Univariate Analysis of OS

Univariate analysis, which encompassed the parameters of age, sex, ECOG PS, tumor
location, tumor stage, tumor diameter, PD-L1 status, BRAF mutation, operability, and
PTV volume, was performed to identify the risk factors associated with OS (Table 2).
Among all patients, age ≥72 years and unresectability were considered risk factors for
survival (p = 0.004 and 0.033, respectively). For patients who did not undergo ICI therapy,
unresectability was a poor prognostic factor (p = 0.035).

Table 2. Univariate analysis of overall survival.

All Cases Group A * Group B * Group C *
n 2-yr OS

(%) p Value 2-yr OS
(%) p Value 2-yr

OS (%) p Value 2-yr
OS (%) p Value

Age <72 16 91.7 ref. 100 ref. 83.3 ref. 100 ref.
≥72 18 42.0 0.004 40.9 0.078 33.3 0.266 100 -

Sex Male 11 79.5 ref. 50.0 ref. 100 ref. 100 ref.
Female 23 60.3 0.316 50.8 0.866 50.0 0.093 100 -

ECOG PS 0 23 70.0 ref. 53.6 ref. 60.0 ref. 100 ref.
1/2 11 62.3 0.202 50.0 0.714 75.0 0.899 100 -

Tumor location Nasal cavity 24 66.7 ref. 67.5 ref. 57.1 ref. 100 ref.
others 10 64.3 0.908 0.0 0.090 100 0.219 100 -

Tumor stage T3 10 78.8 ref. 75.0 ref. 50.0 ref. 100 ref.
T4a/T4b 24 59.5 0.115 38.1 0.164 71.4 0.928 100 -

Tumor diameter <52 mm 17 76.4 ref. 62.5 ref. 50.0 ref. 100 ref.
≥52 mm 17 60.2 0.227 42.9 0.400 71.4 0.642 100 -

PD-L1 status
≥5% 9 65.6 ref. 50.0 ref. 50.0 ref. 100 ref.
<5% 7 83.3 0.177 - 0.676 75.0 0.351 100 -

unknown 18 51.4 45.0 33.3 100

BRAF mutation
Yes 1 100 ref. - ref. - ref. - ref.
No 15 92.9 0.086 66.7 0.728 100 0.156 100 -

unknown 18 60.7 45.0 25.0 100
Operability Resectable 12 87.5 ref. 100 ref. 50.0 ref. 100 ref.

Unresectable 12 56.4 0.033 34.3 0.035 71.4 0.928 100 -

PTV volume <156 mL 17 46.3 ref. 28.6 ref. 25.0 ref. 100 ref.
≥156 mL 17 92.3 0.095 80.0 0.149 100 0.057 100 -

* Group A, cases without ICI administration; Group B, cases administered with ICIs after recurrence or metastasis;
Group C, cases administered with ICIs as adjuvant therapy.
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3.5. Acute and Late Adverse Events

The adverse events are summarized in Table 3. Grade 3 mucositis, tumor hemorrhage,
and pneumonitis were observed in two (6%) patients, two (6%) patients, and one (6%) patient,
respectively, as acute events. Grade 3 late effects were observed in five patients (15%). We
classified grade 3 pneumonitis, occurring in acute events, and grade 3 soft tissue infections,
occurring in late events, as immune-related adverse events (irAEs) caused by ICI therapy. No
grade 4 or higher acute or late adverse events were detected. Adverse events that occurred
due to the presence or absence of ICI therapy are presented in Supplementary Table S1.

Table 3. Acute and late adverse events.

Acute Adverse Event Late Adverse Event

Any Grade Grades 1–2 Grade 3 Grade 4+ Any Grade Grades 1–2 Grade 3 Grade 4+

Mucositis 33 (97%) 31 (91%) 2 (6%) 0 2 (6%) 2 (6%) # 0 0
Dermatitis 27 (79%) 27 (79%) 0 0 1 (3%) 1 (3%) 0 0
Dry mouth 8 (24%) 8 (24%) 0 0 2 (6%) 2 (6%) 0 0
Dysgeusia 6 (18%) 6 (18%) 0 0 2 (6%) 2 (6%) 0 0

Tumor hemorrhage 2 (6%) 0 2 (6%) 0 1 (3%) 0 1 (3%) 0
Pneumonitis 1 (3%) 0 1 (3%) * 0 0 0 0 0

Optic nerve disorder 0 0 0 0 3 (9%) 3 (9%) 0 0
Uveitis 0 0 0 0 2 (6%) 2 (6%) * 0 0
Cataract 0 0 0 0 1 (3%) 0 1 (3%) 0
Keratitis 0 0 0 0 1 (3%) 1 (3%) 0 0

Photophobia 0 0 0 0 1 (3%) 1 (3%) 0 0
Watering eyes 0 0 0 0 1 (3%) 1 (3%) 0 0

Trismus 0 0 0 0 2 (6%) 2 (6%) 0 0
Trigeminal nerve disorder 0 0 0 0 1 (3%) 0 1 (3%) 0

Tinnitus 0 0 0 0 2 (6%) 2 (6%) 0 0
Otitis media 0 0 0 0 1 (3%) 1 (3%) 0 0

Hearing impaired 0 0 0 0 1 (3%) 0 1 (3%) 0
Oral cavity fistula 0 0 0 0 1 (3%) 1 (3%) 0 0
Hypothyroidism 0 0 0 0 1 (3%) 1 (3%) * 0 0

Adrenal insufficiency 0 0 0 0 1 (3%) 1 (3%) * 0 0
Soft tissue infection 0 0 0 0 1 (3%) 0 1 (3%) * 0

Eczema 0 0 0 0 1 (3%) 1 (3%) * 0 0
Arthralgia 0 0 0 0 1 (3%) 1 (3%) * 0 0

Fever 0 0 0 0 1 (3%) 1 (3%) * 0 0

* irAEs, immune-related adverse events; # one case was an irAE.

3.6. QOL Analysis

The mean and standard deviation of the QOL values, determined according to the
EQ-5D-5L and EQ VAS, are presented in Table 4, with no significant changes in QOL
values found.

Table 4. EuroQol-5-Dimensions-5-Level (EQ-5D-5L) and EuroQol Visual Analogue Scale (EQ VAS)
scores at baseline and after CIRT.

EQ-5D-5L EQ VAS

Mean SD p Value Mean SD p Value

Baseline 0.867 0.101 ref. 70.0 16.425 ref.
1 M 0.895 0.124 0.794 75.0 16.251 0.242
3 M 0.881 0.175 0.537 72.5 19.260 0.536
6 M 0.889 0.163 0.972 70.0 14.573 0.081
9 M 0.894 0.172 0.208 72.5 14.577 0.326

12 M 0.867 0.176 0.310 80.0 19.656 0.779
15 M 0.895 0.132 0.753 70.0 10.670 0.609
18 M 0.895 0.105 0.825 80.0 16.073 0.786
21 M 0.895 0.077 0.715 80.0 14.142 0.578
24 M 1.000 0.106 0.415 80.0 12.392 0.680

SD, standard deviation; CIRT, carbon ion radiotherapy; baseline, before CIRT; 1 M, 1 month; 3 M, 3 months; 6 M,
6 months; 9 M, 9 months; 12 M, 12 months; 15 M, 15 months; 18 M, 18 months; 21 M, 21 months; and 24 M,
24 months after CIRT.

3.7. Cost-Effectiveness Analysis

The QALYs and ICERs assessed in the groups with and without ICI administration
are shown in Table 5. The ICER, calculated using the values of incremental medical costs
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and QALYs, was JPY2,777,404/QALY for patients treated with ICIs. The ICER for patients
who were prescribed nivolumab as adjuvant therapy (Group C) was JPY4,534,904/QALY,
and for patients treated with ICIs after local recurrence or distant metastases (Group B) it
was JPY2,140,557/QALY.

Table 5. Incremental cost-effectiveness ratio with and without ICIs.

Treatment Total Costs
(JPY)

Incremental Cost
(JPY) QALYs Incremental

QALYs
ICER

(JPY/QALY)

No ICI (Group A) 2,732,870 ref. 0.642 reference ref.
ICI administration 7,293,875 4,589,010 2.295 1.652 2,777,404

ICI after PD (Group B) 6,687,248 3,954,378 2.490 1.847 2,140,557
Adjuvant ICI (Group C) 7,600,205 4,867,335 1.716 1.073 4,534,904

ICI, immune checkpoint inhibitor; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; PD,
progressive disease.

4. Discussion

Because MMHN is a very rare disease entity, large-scale clinical trials have not been
conducted on it. Therefore, surgical resection is regarded as the standard treatment, as
shown in retrospective analyses involving a small number of cases [10,13–15,17,29,30]. The
lack of difference in survival after adjuvant therapy underscores the need to re-evaluate
current treatment approaches to MMHN. Furthermore, the observation that distant metas-
tasis is the main cause of treatment failure indicates that novel systemic therapy is more
promising than postoperative radiation therapy. In both British and American guidelines,
surgical excision is the primary treatment option; however, for cases with more advanced
stage, clinical trials are recommended [11,12].

In recent years, evidence has accumulated in favor of the use of ICIs, particularly
for the treatment of cutaneous malignant melanoma. In a randomized phase III trial
(CheckMate 238 study) in which either nivolumab or ipilimumab were administered to
patients with stage III–IV melanoma who had undergone complete resection, the nivolumab
arm had a favorable recurrence-free survival rate and fewer adverse events [23,24]. Because
the above clinical trials included mucosal malignant melanoma in a small number of cases,
treatment strategies for cutaneous malignant melanoma were often applied to mucosal
malignant melanoma. In the past few years, retrospective analyses of some cases treated
with ICIs have been conducted for resectable MMHN [20,31–34]. Patients treated with ICIs
after recurrence following surgery or surgery, followed by adjuvant radiotherapy, have
been reported to have significantly improved prognosis compared with patients who did
not receive ICI [20,33]. Conversely, Jacques et al. examined the significance of adjuvant
ICI therapy following surgery and reported no improvement in OS, DMFS, or PFS with
adjuvant ICIs [32]. Therefore, the significance of ICI treatment remains controversial, and
no definitive conclusion has been reached.

Definitive photon radiotherapy has been attempted for locally advanced or inopera-
ble diseases. However, because MMHN is a radioresistant tumor, adequate therapeutic
efficacy has not been achieved [2,35–37]. CIRT has high biological effectiveness compared
to X-rays and protons, resulting in favorable therapeutic effects against radioresistant
tumors [38–40]. In a multicenter retrospective observational study J-CROS1402HN involv-
ing 260 patients treated with CIRT, approximately 67% of cases were T4, and unresectable
cases comprised 66% of the sample; however, the 2-year OS was 69.4%, LC was 83.9%, and
PFS was 40.4% [25]. Despite the involvement of advanced-stage cases, the outcomes were
comparable to those of surgical cases, indicating that CIRT is a highly effective treatment
modality for MMHN. Nonetheless, PFS and OS are not sufficient for analysis because of
the early occurrence of distant metastasis; therefore, it is necessary to develop a relevant
treatment strategy.

In this study, the significance of ICIs was examined, which implied survival rate
improvement while maintaining favorable LC with CIRT. The 2-year OS was 78.6% for



Cancers 2024, 16, 2625 9 of 13

patients treated with ICIs and 50.8% for those who did not undergo ICI therapy, where the
results were significantly more promising in the ICI group (p = 0.022), indicating that ICI
treatment is effective in prolonging survival. Of the 21 patients who received ICI treatment,
11 received ICIs as adjuvant therapy after CIRT and 10 were treated after recurrence or
metastasis was documented. All patients who underwent adjuvant therapy survived and
did not develop local recurrence. Distant metastasis was noted in only one case. The
2-year OS rates of patients who received and did not receive adjuvant therapy with ICIs
were 100% and 50.8%, respectively, indicating a significant difference (Figure 2b, p = 0.017).
However, no significant difference was observed in OS between patients who received
ICIs after recurrence or metastasis and those who did not (Figure 2b, p = 0.192). Although
no significant difference in LC was observed between patients who received and did not
receive adjuvant ICI therapy (Supplementary Figure S2a, p = 0.343), these groups differed
significantly in terms of DMFS (Supplementary Figure S2b, p = 0.008), indicating that
adjuvant ICIs are effective in controlling distant metastases. These findings support the
conclusion that the administration of adjuvant ICI therapy before recurrence or metastasis
is important for prolonging patient survival. Among all patients, age ≥ 72 years and
unresectability were considered risk factors for survival (p = 0.004 and 0.033, respectively).
In patients who did not receive ICIs, unresectability remained a risk factor, and patients
aged >72 years tended toward poor prognosis (p = 0.035 and 0.075, respectively). However,
in patients receiving ICIs, neither age nor resectability were risk factors, indicating the
possibility of performing ICI administration to determine prognosis.

CIRT is associated with a risk of serious late complications. Koto et al. reported
grade 3 or higher late adverse events in 33 (13%) out of 260 patients treated with CIRT for
MMHN [25]. Furthermore, a multicenter study on adenoid cystic carcinoma of the head
and neck treated with CIRT demonstrated grade 3 or higher late adverse events in 15%
of patients [41]. Owing to the high biological effectiveness of CIRT, the incidence of late
effects, such as jaw osteonecrosis, oral cavity fistula, and brain necrosis, is increased in
patients with severe jawbone, palate, and skull base invasion. In the present analysis of
34 cases, grade 3 late adverse events were detected in five cases (15%) (Table 3). Soft tissue
infection (3%) was considered an irAE, and the remaining four cases (12%) were defined as
CIRT-related adverse events. No unexpected adverse events were observed, indicating a
favorable safety profile for ICI administration.

Cancer treatment remains controversial for older adults. Patients with various comor-
bidities and reduced physical function and organ reserve, mostly comprising this group, are
at increased risk for invasive treatment, such as surgical resection; thus, the development of
a strategy that preserves the patient’s QOL is warranted [42]. QOL values from before CIRT
initiation were used as the baseline, and changes were measured periodically for up to
2 years thereafter. Significant differences in QOL scores were not detected at each time point
(Table 4). Sprave et al. showed a similar finding in their analysis of 336 patients treated
with photon therapy for head and neck cancer, with no significant decreases in EQ-5D-5L or
VAS scores at the end of radiotherapy [43]. The lack of an apparent decline in QOL values
indicates that high-precision radiation therapy, such as CIRT and intensity-modulated
radiation therapy, has become a well-established technology and that strict control has
been achieved of radiation therapy-related adverse effects. Our results indicate that CIRT
is feasible and does not reduce QOL in patients with inoperable tumors aggravated by
comorbidities and impaired organ function.

Using cases without ICIs as the control group (Group A), the incremental cost and
QALYs were evaluated (Table 5). Patients receiving ICIs as adjuvant therapy experienced an
increase in QALYs; however, the ICER also increased (JPY4,534,904/QALY [€26,759/QALY,
$28,639/QALY]). There are no clear reports examining the cost-effectiveness of ICId as
adjuvant therapy after definitive radiotherapy for mucosal malignant melanoma. For
patients treated with nivolumab as adjuvant therapy after surgery in the CheckMate 238
and KEYNOTE-054 trials, the calculated ICERs were €21,153/QALY and $98,112/QALY
(€89,488/QALY) [23,44–46]. ICER does not have a clearly defined criterion or threshold;
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however, it is considered “cost effective” if it is up to JPY 5 million/JPY 10 million in
Japan, £20,000–£30,000 in the UK [47], and $104,000 in the US [48]. The World Health
Organization recommends a cost-effectiveness threshold of 1–3 times the gross domestic
product (GDP) per capita and this is often cited when cost-effectiveness thresholds are
discussed [49]. The GDP per capita in Japan is $34,114 (JPY5,393,252, and €31,874) [50].
The ICER for patients undergoing nivolumab adjuvant therapy is 0.8 times the GDP per
capita, indicating cost-effectiveness. Some countries, such as the UK, the Netherlands, and
Sweden, have established different standards for anticancer drugs and those for intractable
diseases, and in Japan, thresholds should be reviewed as appropriate according to changes
in social and economic conditions.

Our findings indicate that the use of adjuvant ICI therapy after CIRT for MMHN
can be a promising treatment option that extends the OS of patients. However, this study
has several limitations. First, the study was designed as a single-center retrospective
analysis. Second, the number of enrolled patients was small. Because multivariate analysis
was not performed owing to the insufficient number of cases, the existence of OS-related
confounding factors could not be ruled out. Third, the administration and timing of ICIs
were not randomized. Because MMHN is a rare disease, it is difficult to conduct large-scale
prospective clinical trials. Thus, it is necessary to evaluate the role of CIRT followed by
adjuvant therapy with ICIs in multicenter retrospective studies, meta-analyses using the
results from the multiple studies conducted to date, and cross-sectional analyses using
a multicenter database. Currently, we are performing a prospective observational study
on adjuvant therapy with nivolumab after CIRT for MMHN (UMIN-CTR Clinical Trial:
UMIN000042226) [51].

5. Conclusions

Even when achieving good LC of MMHN, overall survival improvement is hampered
by the high incidence of subsequent distant metastases. Therefore, new treatment strategies
that can prevent distant metastases are needed to improve prognosis. As adjuvant therapy
after CIRT for MMHN, nivolumab is a promising new treatment strategy for suppressing
distant metastases and prolonging survival in addition to the favorable LC achieved by CIRT.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/cancers16152625/s1: Figure S1: Kaplan–Meier curves of overall survival
rates with and without ICIs; Figure S2: Kaplan–Meier curves of (a) local control rate, (b) distant
metastasis-free survival rate, and (c) progression-free survival rate, with and without adjuvant ICIs;
Table S1: Acute and late adverse events with and without ICI administration.
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