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ABSTRACT —— Particle radiotherapy (proton radiotherapy and carbon ion radiotherapy) is a type of radiother-
apy, and in recent years the number of facilities offering this treatment has increased significantly worldwide. Ja-
pan has a large number of particle radiotherapy facilities, and since 2016, a prospective national registry study
has been initiated for all cases. Data from this prospective registry study have indicated favorable treatment out-
comes in the real world, especially for stage I lung cancer. In addition, particle radiotherapy has been reported to
be relatively safe for lung cancer patients with interstitial lung disease, who are often difficult to treat in clinical
practice. For locally advanced lung cancer, the effectiveness of particle radiotherapy in combination with immu-
notherapy has not yet been clearly established. Particle radiotherapy is expected to improve local control and re-
duce the incidence of pneumonitis, which is associated with difficulty continuing immunotherapy. In the present

report, we will discuss the future prospects together with the clinical results obtained so far.
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Figure 1. The comparison of the dose distributions for X-ray and carbon ion radiotherapy. (A) Stereotactic body ra-
diotherapy (SBRT) and carbon ion radiotherapy were administered for stage IA3 (T1cNOMO) lung cancer. A dose of
48 Gy or Gy (RBE) was prescribed to 95% of cases with the same planning target volume (PTV). (B) Intensity modu-
lated radiotherapy (IMRT) and carbon ion radiotherapy were administered for stage IIIC (T4N3MO0) lung cancer. A
dose of 60 Gy or Gy (RBE) was prescribed to 95% of cases with the same PTV. The gross tumor volume and PTV

are indicated in red and pink, respectively.
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Figure 2. Number of particle radiotherapy facilities worldwide.
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Table 1. Clinical Results of Particle Radiotherapy for Early-stage NSCLC

. Median 3-year Grade 3 or
Number of patients greater
Author Year Stage - age overall S
(operable/inoperable) . radiation
(years) survival ..
pneumonitis
Proton
Harada 2023 T1-2aNOMO 138 (138/0) NA 93.9% 0 (0%)
Saito 2021 T1-2N0OMO 110 (56/54) 76 78.2% 6 (54%)
Ohnishi 2020 T1-T2aNOMO 669 (351/294) 76 79.5% 12 (1.8%)
Carbon
Kubo 2023 T1-T2aNOMO 136 (136/0) 74 89.3% 1 (0.7%)
Kubo 2023 T1-T2aNOMO 95 (0/95) 77 59.3% 2 (2.1%)
Ono 2020 T1-2N0OMO 57 (35/22) 75 91.2% 0 (0%)

Table 2. Radiation Pneumonitis After Radiotherapy for Early-stage NSCLC with Inter-

stitial Lung Disease

Medi Grade 3 or Grade 5
. Number cdian or greater rade
Author Year Modality . mean age e radiation
of patients radiation e
(years) . pneumonitis
pneumonitis
Yoshitake 2015 SBRT 18 75 7 (38.9%) 3 (16.7%)
Ueki 2015 SBRT 20 784 2 (10.0%) 0 (0%)
Onishi 2018 SBRT 242 77 30 (12.4%) 17 (7.0%)
Hashimoto 2022 Proton 29 77 2 (6.9%) 0 (0%)
Saito 2021 Proton 17 79 1 (5.9%) 0 (0%)
Okano 2021 Carbon 26 76 1 (3.8%) 0 (0%)
Okano 2023 Carbon 30 77 1 (3.3%) 0 (0%)
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Table 3. Clinical Trial of Particle Radiotherapy for Locally Advanced NSCLC in ClinicalTrials.gov

(https://clinicaltrials.gov/)

ID Title

Status

Platinum Doublet Chemotherapy and Proton Beam Radiation

NCT03132532 Therapy in Treating Patients With Stage II-III Non-small Cell Active, not recruiting
Lung Cancer That Cannot Be Removed by Surgery
A Phase I/1I Study of Hypofractionated Proton Therapy for Stage . .
NCTO01770418 TLITI Non-Small Cell Lung Cancer Active, not recruiting
Trial of Consolidation Pembrolizumab After Concurrent
NCT03087760 Chemotherapy and Proton Reirradiation for Thoracic Recurrences Active, not recruiting
of Non-Small Cell Lung Cancer
Comparing Photon Therapy To Proton Therapy To Treat . -
NCT01993810 Patients With Lung Cancer Active, not recruiting
Immunotherapy and Carbon Ion Radiotherapy In Solid Cancers o,
NCT05229614 With Stable Disease (ICONIC) Recruiting
Image-Guided, Intensity-Modulated Photon or Proton Beam
NCT01629498 Radiation Therapy in Treating Patients With Stage II-IIIB Recruiting
Non-small Cell Lung Cancer
Proton Beam Radiation Therapy After Treatment for Resected L
NCT06008730 N2 Non-Small Cell Lung Cancer Not yet recruiting
NCTO05548504 Heterogeneously Hypofractionated Radiotherapy for Locally Not yet recruiting

Advanced NSCLC (HERAN2)
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