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Carbon-ion radiotherapy boost with standard dose proton 
radiation for incomplete-resected high-grade glioma: a phase 1 
study

Xianxin Qiu1,2,3,4#, Jing Gao1,2,4#, Jing Yang1,2,4, Jiyi Hu1,2,4, Weixu Hu1,2,4, Qingting Huang1,2,4, Lin Kong2,3,4,  
Jiade J. Lu1,2,4

1Department of Radiation Oncology, Shanghai Proton and Heavy Ion Center, Shanghai, China; 2Shanghai Engineering Research Center of Proton 

and Heavy Ion Radiation Therapy, Shanghai, China; 3Department of Radiation Oncology, Shanghai Proton and Heavy Ion Center, Fudan University 

Cancer Center, Shanghai, China; 4Shanghai Key Laboratory of Radiation Oncology (20dz2261000), Shanghai, China

Contributions: (I) Conception and design: JJ Lu, L Kong; (II) Administrative support: JJ Lu; (III) Provision of study materials or patients: X Qiu, J 

Gao, J Yang, W Hu, Q Huang, L Kong, JJ Lu; (IV) Collection and assembly of data: X Qiu, J Gao, J Yang, W Hu, Q Huang; (V) Data analysis and 

interpretation: X Qiu, J Gao, J Hu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Lin Kong, MD. Shanghai Proton and Heavy Ion Center, Fudan University Cancer Center, 4365 Kangxin Road, Pudong, Shanghai, 

China. Email: lin.kong@sphic.org.cn; Jiade J. Lu, MD, MBA. Shanghai Proton and Heavy Ion Center, 4365 Kangxin Road, Pudong, Shanghai, 

China. Email: jiade.lu@sphic.org.cn.

Background: To investigate the maximal tolerated dose (MTD) of a carbon-ion radiotherapy (CIRT) boost 
prior to standard dose proton radiotherapy (PRT) for newly diagnosed glioblastoma (GBM) and anaplastic 
astrocytoma (AA) patients with residual lesion after resection. 
Methods: In total, 18 patients with high-grade glioma (HGG) (16 with GBM and 2 with AA) were enrolled 
in a prospective 3×3 design phase 1 trial. We investigated four dose-levels of CIRT boost [9 (starting level), 
12, 15, and 18 Gy relative biological effectiveness (RBE)] delivered in three equal fractions prior to the 
standard dose PRT (60 Gy RBE in 30 fractions). Concurrent temozolomide (TMZ) was not provided during 
the CIRT boost but was initiated on the first day of PRT. Acute and late toxicities were scored based on the 
Common Terminology Criteria for Adverse Events (CTCAE, v 4.03). Dose-limiting toxicities (DLTs) were 
defined as radiation-induced severe toxicities (≥ grade 3). 
Results: With a median follow-up of 17.9 months, no severe (≥ grade 3) acute or late toxicities were 
observed in patients treated with the first three dose levels (CIRT boost doses of 9, 12, 15 Gy RBE). Severe 
late toxicity (grade 3 radiation necrosis) was observed in the first patient treated with the 18 Gy RBE CIRT 
boost level. Therefore, this trial was terminated and the MTD of the induction CIRT boost was determined 
at 15 Gy RBE in 3 fractions. At the time of this analysis, both patients with AA were alive without disease 
progression. The progression-free survival (PFS) and overall survival (OS) for GBM at 12 months were 
50.6% and 78.6%, respectively. 
Conclusions: Particle beam radiotherapy consisting of a CIRT boost of 15 Gy RBE (in 3 fractions) 
following standard dose PRT (60 Gy RBE in 30 fractions), and used in conjunction with TMZ, is safe and 
potentially effective for patients with HGG.
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Introduction

High-grade glioma (HGG) is the most frequently 
diagnosed and aggressive primary brain malignancy 
in adults (1). Currently, surgical resection followed by 
adjuvant radiotherapy in conjunction with temozolomide 
(TMZ) chemotherapy is the standard treatment. The 
median survival time (MST) of newly diagnosed patients 
with anaplastic astrocytoma (AA) and glioblastoma (GBM) 
is approximately 36 and 15 months, respectively (2,3). 
Significant efforts of developing novel therapeutic agents 
for GBM, such as agents targeting Notch pathway, vascular 
endothelial growth factor (VEGF) signaling, platelet-
derived growth factor (PDGF) signaling, have been made 
but all failed to further improve the survival of GBM 
patients in recent years (4). Progression or recurrence 
occurring close to the radiation field is nearly universal, 
despite the aggressive treatment (2). Attempts with more 
aggressive radiation therapy strategies or technologies, such 
as the addition of stereotactic radiosurgery (SRS), altered 
fractionation, and dose escalation have failed to demonstrate 
significant survival benefits (5-8). Clearly, more effective 
radiation therapy approaches are needed to further improve 
disease control for HGG, and in particular, GBM. 

One of the core challenges of radiation therapy for 
treating GBM, either definitively or adjuvantly, is employing 
higher doses to the disease volume, while at the same time, 
exposing normal critical brain tissue to the lowest possible 
dose of radiation. Particle (e.g., proton and carbon-ion) 
beam, as the most advanced radiation technique, deposits 
the majority of the energy to a highly localized region 
(i.e., the Bragg peak), thereby enabling more precise dose 
distribution over photon beams. Numerous studies have 
reported that particle beam radiation therapy (PBRT), 
and proton beam therapy in particular, provides improved 
dose distribution in the treatment of glioma, suggesting 
theoretically improved efficacy and side-effect profiles (9-11).  
Furthermore, carbon-ion beam radiation has higher linear 
energy transfer (LET) compared to photon and proton 
beams, and can therefore inflict greater damage via direct 
deoxyribonucleic acid (DNA) double-strand breaks and 
tumor cell-killing (12). Results from numerous studies have 
demonstrated superior outcomes for several types malignancies 
treated with carbon-ion radiotherapy (CIRT) (13-15). 

At the Shanghai Proton and Heavy Ion Center (SPHIC), 
proton radiation therapy (PRT) to the standard dose has 
been used for patients with HGG. To investigate the safety 
and efficacy of the addition of a CIRT boost to the gross 

residual HGG delivered prior to the standard PRT, a 
randomized phase I/III clinical trial has been initiated (China 
Clinical Trials Registry ID: ChiCTR-OID-17013702) (16). 
The purpose of this study is to report the results of phase I 
of the trial, which was designed to determine the maximal 
tolerated dose (MTD) of a CIRT boost in the combined 
radiation modality. We present the following article in 
accordance with the TREND reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
20-7750/rc).

Methods

Patients (eligibility criteria)

Patients with histologically diagnosed, unifocal, supra-
tentorial primary GBM or AA and indications for radiation 
therapy in conjunction with TMZ chemotherapy were 
eligible for the trial. Additional inclusion criteria were as 
follows: age ≥18 years; Karnofsky performance score (KPS) 
≥60; and gross tumor (for patients who underwent biopsy) 
or residual tumor (for patients who underwent partial 
resection) with the largest dimension up to 5 cm assessed by 
postoperative multimodal brain imaging studies. 

Patients were excluded from this trial if they met any 
of the following criteria: (I) previous exposure to brain 
radiation for any condition; (II) previous malignant tumor 
of any type requiring cytotoxic therapy within 5 years 
prior to enrollment; (III) no residual lesion detected by 
postoperative multimodal brain imaging studies; (IV) a 
time interval >8 weeks between surgery and initiation 
of radiotherapy; (V) pregnant or lactating (female); 
(VI) severe pulmonary hypertension, cardiovascular 
disease, peripheral vascular disease, severe chronic heart 
disease, and other complications that may interfere with 
radiotherapy. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by the ethics committee at Shanghai Proton 
and Heavy Ion Center (approval number: 1611-12-03-
1704A). Written informed consent was obtained from all 
patients.

All  patients were required to be present in the 
multidisciplinary tumor clinic for their diagnosis, indication, 
and eligibility for the PBRT protocol prior to registration 
at the SPHIC. Required pretreatment evaluation included 
a complete history and physical examination, full blood 
count, serum electrolytes, liver and renal function tests, and 
magnetic resonance imaging (MRI) of the brain. 

https://atm.amegroups.com/article/view/10.21037/atm-20-7750/rc
https://atm.amegroups.com/article/view/10.21037/atm-20-7750/rc
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Study designs

The primary objective of this phase I trial was to determine 
the MTD of a CIRT boost in addition to the standard dose 
PRT [60 Gy relative biological effectiveness (RBE) in 30 
fractions]. Four dose-levels of CIRT boost [9 (starting level), 
12, 15, and 18 Gy RBE] delivered in three equal fractions 
prior to PRT were investigated. The assessment for dose-
limiting toxicities (DLTs) was performed from the initiation 
of radiotherapy according to the Common Terminology 
Criteria for Adverse Events (CTCAE), v 4.03. DLTs were 
defined as radiation-induced severe toxicities (≥ grade 3). 

The study used a 3×3 design, and the CIRT boost was 
initiated at 9 Gy RBE in 3 fractions. In the absence of any 
DLTs, we continued to the next dose escalation level of the 
CIRT boost with three patients. An observation interval 
of at least 6 months was required prior to the initiation of 
the next dose level. Three more patients would be required 
to a dosing group if any DLT was observed in one case. 
If two or more cases of DLTs were observed in the three 
patients treated at any level, the study was to be terminated 
and the CIRT boost dose used in the preceding dose level 
was chosen as the MTD. During the 6-month observation 
period, additional patients, if available, were accrued 

and treated according to the prior dose level. Figure 1 
summarizes the flow chart of this phase I trial design.

Radiotherapy planning

All patients with brain tumors were immobilized in 
the supine position using VacLock® and individualized 
thermoplastic masks. Computed tomography (CT) for 
simulation from the vertex to the inferior margin of the 
second cervical vertebral body was performed at 1.5-mm 
slice thickness.

Multimodal brain imaging techniques, including 
perfusion weighted imaging (PWI), diffusion tensor 
imaging (DTI), magnetic resonance spectroscopy (MRS), 
blood oxygenation level-dependent imaging (BOLD), 
and C-methionine/fluoro-ethyl-tyrosine (MET/FET) 
positron emission tomography (PET) scans can incorporate 
comprehensive information about the tumor burden and 
critical brain structure to improve the radiation plan for 
GBM. These techniques were employed to delineate the 
gross tumor volume (GTV) for the CIRT boost (GTV-
boost), in addition to T1-weighted contrast enhanced 
and fluid attenuated inversion recovery (FLAIR) MRI. 

Figure 1 The flowchart of this phase I trial. AA, anaplastic astrocytoma; CIRT, carbon-ion radiotherapy; GBM, glioblastoma; RBE, relative 
biological effectiveness.
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The clinical target volume (CTV) for high risk (CTV-hr) 
consisted of GTV-boost and the surgical bed plus 5 mm 
expansion; the CTV for low risk (CTV-lr) consisted of 
GTV-boost and the surgical cavity with a 15 mm expansion 
plus the peritumoral edema area. An additional 3–5 mm 
margin was supplied to the CTVs to create the planning 
target volume (PTV) for uncertainty with regard to dose 
distribution and potential daily setup errors. 

The CIRT boost was performed as an induction method 
to cover the GTV-boost prior to PRT. The prescribed PRT 
doses to CTV-hr and CTV-lr were 60 Gy RBE and 50 Gy 
RBE, respectively, in 30 fractions using the simultaneously 
integrated boost (SIB) technique. The dose constraints of 
critical organs at risk (OARs) were based on the tolerance 
dose (TD)5/5 described by Emami et al. (17). 

Both the CIRT boost and PRT were planned using the 
Syngo® treatment planning system, and delivered with pencil 
beam scanning (PBS) technology using the IONTRIS® 
particle therapy system (Siemens, Erlangen, Germany). All 
patients were treated on in-patient basis. Orthogonal X-ray 
verification was conducted for position using bony landmarks 
as references prior to each delivery. The anatomical changes 
of the lesion were evaluated by weekly verification CT scans, 
with additional MRI ordered if the CT scan indicated major 
change(s), which may alter the dose coverage. 

Chemotherapy

TMZ was provided concurrently as an adjuvant treatment 
to all patients aged ≤65 years regardless of the methylation 
status of the O[6]-methylguanine-DNA methyltransferase 
(MGMT) promoter, and to patients older than 65 years 
with methylation of the MGMT promoter. Concurrent oral 
TMZ (75 mg/m2, 7 days/week) was not provided during 
the CIRT boost, but was initiated on the first day of PRT. 
Adjuvant TMZ was administered from 1-month after the 
completion of PRT for at least six cycles at 150–200 mg/m2 
and for 5 days during every 28-day cycle. 

Follow-up

All patients were examined daily during PBRT, and 
were required to be followed-up regularly according to 
the SPHIC institutional follow-up protocol after the 
completion of PBRT. The first and second follow-up 
visits were scheduled at 1 and 3 months after discharge, 
respectively. Further follow-up sessions were planned 
every 2–3 months in the first 3 years, every 4–6 months 

in the following 2 years, and annually thereafter. A 
complete history and physical examination with a focus on 
neurological studies, brain MRI, and routine lab tests were 
provided at each follow-up. 

Assessments for toxicities and treatment response 

Toxicities that occurred during or within 3 months after 
the initiation of PBRT were defined as acute toxicities, and 
those that developed after 3 months from or persisted for 
at least 3 months after the initiation of PBRT were defined 
as late toxicities. Both acute and late toxicities were scored 
based on the CTCAE, v4.03. 

The target lesions were evaluated based on MRI findings 
using the Response Assessment in Neuro-oncology (RANO) 
Criteria (18) with interpretation modifications (19), which 
are summarized as follows:

(I) Complete response (CR): complete disappearance 
of all tumors on consecutive MRI scans sustained 
for at least 1 month without the use of steroids;

(II) Partial response (PR): an observed ≥50% decrease 
in the area of contrast enhancement on consecutive 
MRI sustained for at least 1 month. Doses of 
steroids must be stable or decreasing, and the 
patient must be neurologically stable;

(III) Progressive disease (PD): an observed ≥25% 
increase in the area of contrast enhancement or any 
new tumor on MRI;

(IV) Stable disease (SD): all other situations. 

Statistics

Overall survival (OS) time was defined as the duration between 
pathological diagnosis and the date of death. Progression-free 
survival (PFS) time was calculated as the duration between 
the time of pathological diagnosis and the date of disease 
progression, diagnosed either clinically or histologically. The 
OS and PFS rates were calculated using the Kaplan-Meier 
method. All statistical analyses were performed using the IBM® 
SPSS statistics software (version 26).

Results

Patient population

Between May 2017 and October 2019, a total of 18 patients 
(11 males and 7 females) were enrolled in this study. Two 
patients (11.1%) were diagnosed with AA [World Health 
Organization (WHO) grade III], while the remaining 

https://www.ibm.com/products/spss-statistics
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16 patients (88.9%) were diagnosed with GBM (WHO  
grade IV). All patients received concurrent and adjuvant 
oral TMZ according to the Stupp protocol (2) and based on 
their age or the methylation status of the MGMT promoter. 
The baseline characteristics of the patients, as well as the 
histological and molecular findings are detailed in Table 1. 
The dose level and dose volume prescriptions are shown in 
Table 2.

Toxicities and MTD

The observed acute and late radiation-related toxicities 
are listed in Table 3. No severe (i.e., grade 3 or above) 
acute or late toxicity was observed in patients treated with 
the first three dose levels (i.e., CIRT boost doses of 9, 
12, 15 Gy RBE). However, severe late toxicity (grade 3 
radiation necrosis) was observed in the first patient treated 
with the 18 Gy RBE CIRT boost level at 4 months after 
the completion of PBRT. Dexamethasone and mannitol 
were administered to prevent worsening symptoms of the 
patient. Therefore, this trial was terminated and the MTD 
of induction CIRT boost was determined at 15 Gy RBE in 
3 fractions. 

Disease control and survival outcomes

The median fol low-up t ime of  the entire cohort  
(18 patients) was 17.9 months (range, 4.1–39.9). At the time 
of this analysis, thirteen patients had radiologically-evident 
tumor progression or recurrence, including 11 cases of 
local failure and two cases of recurrence out of the radiation 
field. Four patients died of disease progression, and another 
patient died from aspiration pneumonia and was excluded 
from the tumor-related survival analysis. 

Table 1 Patient characteristics

Characteristics No. of patients

Whole series (n) 18

Gender

Male 11

Female 7

Age (years)

Median [range] 56.5 [48–69]

<50 4

≥50 14

Completeness of resection

Partial/biopsy 1

Subtotal 17

KPS 

>80 15

≤80 3

Histology grade (WHO grade)

Grade IV 16

Grade III 2

IDH mutation

Wild type 14

Mutant 4

MGMT promoter 

Methylated 4

Un-methylated 10

N/A 4

KPS, karnofsky performance score; WHO, World Health 
Organization; IDH, isocitrate dehydrogenase; MGMT, O[6]-
methylguanine-DNA methyltransferase; N/A, not available.

Table 2 Dose cohorts: carbon-ion radiotherapy (CIRT) boost

Dose 
level

CIRT boost dose
Target volume (median, range, mm3) No. of planned 

patients
No. of treated 

patientsGTV-boost CTV-hr CTV-lr

1 9 Gy RBE/3 F 12.0 (1.72–32.9) 106.8 (53.0–175.6) 215.4 (136.7–309.2) 3 7

2 12 Gy RBE/3 F 23.8 (1.1–46.2) 105.4 (83.2–169.8) 189.6 (182.1–269.2) 3 5

3 15Gy RBE/3 F 5.99 (1.4–16.6) 119.5 (87.8–212.7) 205.3 (164.0–385.1) 3 5

4 18 Gy RBE/3 F 7.0 127.4 229.1 3 1

CTV-hr, clinical target volume for high risk; CTV-lr, clinical target for low risk; GTV-boost, gross tumor volume for boost; RBE, relative 
biological effectiveness.
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The median OS of the entire cohort was not reached 
at the time of this analysis, and the median PFS was  
13.5 months. The 12- and 18-month PFS rates were 56.7% 
[95% confidence interval (CI), 32.4–81.0%] and 31.5% (95% 
CI, 8.8–54.2%), respectively; and the 12- and 18-month OS 
were both 81.3% (95% CI, 62.1–100%, Figure 2). 

At the time of this analysis, both patients with AA who 
received a CIRT boost of 9 Gy RBE were alive without 
evidence of disease progression. For the 16 patients 
with GBM, the median OS was not reached at the time 
of this analysis, and the PFS was 12.3 months. The 12- 
and 18-month PFS rates for GBM patients were 50.6% 
(95% CI, 24.3–76.9%) and 21.7% (95% CI, 2.1–41.3%), 
respectively, and the OS at 12- and 18-month were 78.6% 
(95% CI, 57.0–100%) and 65.5% (95% CI, 36.1–94.9%), 
respectively (Figure 2).

Discussion

The present phase I study consisting of 18 cases is the 
first clinical trial to evaluate the MTD of a CIRT boost 
delivered prior to standard-dose PRT (i.e., 60 Gy RBE 
in 30 fractions) for newly diagnosed HGG. The trial was 
designed using the 3×3 scheme and the dose escalation of 
the CIRT boost included four planned levels from 9–18 Gy 
RBE (in 3 fractions). The trial allowed patients to be treated 
at one prior dose level during the observation period. With 

a median follow-up of 17.9 months, only one patient treated 
with CIRT boost to 18 Gy RBE followed by standard dose 
PRT developed G3 toxicity (radionecrosis), and the MTD 
of the CIRT boost was defined at 15 Gy RBE in 3 fractions. 
In addition, survival analysis indicated a highly acceptable 
efficacy: the PFS and OS at 12 months for patients with 
GBM were 50.6% and 78.6%, respectively; and those for 
AA were both 100%. 

The results of the current standard tri-modality strategy 
of treating GBM (maximal resection to feasible extent, 
photon RT with concurrent TMZ, and adjuvant TMZ) 
remain discouraging, with an expected median OS of around 
15 months (2). Histologically, numerous investigations 
on altering photon-based RT techniques have repeatedly 
demonstrated failure of this approach to significantly 
improve the efficacy of GBM treatment (5-8). One of the 
main factors contributing to the resistance of GBM tumor 
cells to photon beam is hypoxia; the hallmark characteristic 
of GBM. Hypoxia has been shown to generally increase the 
invasiveness and proliferation of GBM tumor cells (20-22).  
Furthermore, with regards to anti-tumor response, hypoxia 
produces limitations on the effectiveness of photon radiation 
and TMZ (23-25), both of which rely on oxygen levels to 
cause indirect DNA damage and kill tumor cells. Though 
preclinical data indicated that bevacizumab, the most 
commonly used antiangiogenic agent in GBM, could lead 
to transient improvement of intratumoral oxygenation (26),  

Table 3 Acute and late toxicities

Toxicities type
Dose level (CIRT 

boost)
No. of 
cases

Toxicities score

G1 G2 G3

Acute toxicities 9 Gy RBE/3 4 Dermatitis, n=1; alopecia, n=4 – –

12 Gy RBE/3 5 Dermatitis, n=1; alopecia, n=5; 
epilepsy, n=1

– –

15 Gy RBE/3 5 Alopecia, n=5; headache, n=1 – –

18 Gy RBE/3 1 Alopecia, n=1; weakness, n=1; 
headache, n=1

– –

Late toxicities 9 Gy RBE/3 5 Radio-necrosis, n=3; memory loss, 
n=1; dizziness, n=1

Epilepsy, n=1 –

12 Gy RBE/3 4 Memory loss, n=2; weakness, n=1 Radio-necrosis, n=2; memory loss, 
n=3; weakness, n=1

–

15 Gy RBE/3 5 Memory loss, n=1; weakness, n=1 Radio-necrosis, n=2; memory loss, 
n=2; epilepsy, n=2

–

18 Gy RBE/3 1 – – Radio-necrosis, n=1

CIRT, carbon-ion radiotherapy; RBE, relative biological effectiveness.
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numerous clinical studies have shown that the addition of 
bevacizumab to photon radiotherapy and TMZ failed to 
improve the overall survival of newly diagnosed GBM (27). 

Charged particle beams, such as proton and carbon-
ion, are characterized by a steep dose deposition, known as 
the Bragg peak, which allows for the surrounding normal 
critical brain structures to be spared when irradiating brain 
tumors. As for their biological effects, a proton beam is 
considered to possess slightly higher biological effectiveness 
(RBE =1.1–1.2) than photon beam (28,29). In contrast, a 
carbon-ion beam, with a much higher RBE value of 3–5 for 
GBM tumor cells, inflicts more DNA double-strand breaks 
even under hypoxic conditions (30-34). In addition to direct 
anti-tumor capability, carbon-ion radiation can also produce 
a different mechanism of cell death with greater mitotic cell 
death, autophagy, and apoptosis compared to photon beam 
radiation, and thereby foster a stronger anti-tumor response 
(35-38). Thus, PBRT appears to be suitable and promising 
for the treatment of GBM.

Two previous studies (10,39) have reported the utility 
of PBRT as a boost in treating HGG. In a phase II trial 
conducted by the Massachusetts General Hospital (MGH), 

23 GBM patients were treated with surgery followed by 
photon radiation plus PRT boost or PRT up to 90 Gy 
RBE. The treatment efficacy was encouraging: MST was 
extended to 20 months; most of the tumor relapse occurred 
in the areas of dose ≤70 Gy RBE, and only one in a 90 Gy 
RBE-volume (39). Another retrospective study was jointly 
reported by the Heidelberg Ion Therapy Center (HIT) 
of Germany and the National Institute of Radiological 
Sciences (NIRS) of Japan (10). In this study, 48 patients 
with HGG (32 GBM and 16 AA) who received a CIRT 
boost after photon radiation without chemotherapy were 
compared with patients treated by photon radiation with 
and without TMZ. The MSTs were 18 months for GBM 
patients who received a CIRT boost after photon radiation 
without chemotherapy, 14 months for patients who 
received photon radiotherapy with TMZ, and 9 months 
for patients who received photon radiotherapy without 
TMZ. The combined information provided in these two 
studies suggests the hypothesis that dose escalation with 
PBRT might be necessary if the surrounding crucial brain 
structures can be spared from high-dose radiation. 

Currently, there are two ongoing randomized phase II 

Figure 2 The PFS and OS curves. (A) PFS curve of the entire cohort; (B) OS curve of the entire cohort; (C) PFS curve of GBM patients; (D) 
OS curve of GBM patients. PFS, progression-free survival; OS, overall survival; GBM, glioblastoma.
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trials (NCT02179086 and NCT01854554) that compare the 
outcomes of PRT versus photon-based intensity modulated 
radiotherapy (IMRT) in the treatment of GBM. The NRG-
BN001 study (NCT02179086) primarily aims to compare 
the OS of patients treated with dose-escalated photon-
based IMRT or PRT versus standard dose 3D-conformal 
radiation or IMRT (40). The other trial (NCT01854554) 
is being conducted by MD Anderson Cancer Hospital 
with the main objective of evaluating the time to cognitive 
failure between patients treated with PRT versus 
photon-based IMRT at standard dose/fractionation (41).  
Both trials hypothesized that more precise or higher dose 
radiation using proton beam might improve either the 
disease control or toxicity profile.

As with our phase I trial, PRT was applied at the 
same dose to the standard photon radiotherapy, which 
was expected to provide similar or slightly improved 
biological efficacy, but reduced risk of toxicities due to a 
lower integral dose to critical brain structures. The CIRT 
boost was innovatively administered prior to the initiation 
of PRT. The special timing of the CIRT boost is based 
on the following theoretical advantages from the unique 
characteristics of carbon-ion: (I) overcoming hypoxia: the 
tumor cells’ hypoxia level presents their greatest extent in 
the postoperative setting, thus CIRT with more efficient 
tumor-killing should be used since its biological impact 
will not be hindered by hypoxia; (II) targeting glioma stem 
cells in the early course of treatment: this strategy allows 
the radiation-naïve tumor stem cells to be irradiated by 
large-fraction doses of high-LET beam towards a more 
robust initial cell-killing effect; and (III) altering the 
immunogenicity within the tumor microenvironment: CIRT 
is anticipated to shift the common pro-tumor immunity in 
GBM towards an anti-tumor immunity at the beginning of 
the radiation-course in the absence of immunosuppressive 
effect of TMZ and low-LET beam irradiation. Another 
additional advantage is treatment compliance; patients are 
more likely to complete the course of CIRT boost if it is 
given first, while toxicities induced by the 30-fraction PRT 
with concurrent TMZ could potentially dissuade the patient 
from continuing treatment. 

Despite the favorable outcomes observed in this phase 
1 trial in terms of both survival and adverse effects, further 
study is needed to understand the role of PBRT in the 
treatment of HGG. A higher dose of PBRT is unlikely 
to completely prevent recurrence, even in the high-dose 
irradiation area. Similar to the most common failure pattern 
of photon radiotherapy for treating GBM (2), 84.6% 

(11/13) of the progression in this study occurred within 
the PBRT field. In addition, it is debatable whether the 
6-month observation interval between the two dose levels 
is sufficient for the accurate identification of radiation-
induced late toxicities. Indeed, the late side effects of CIRT 
on normal brain tissue are largely unknown at this time. 
However, considering the limited survival of patients with 
HGG, and especially considering that the MST of GBM 
patients treated with current standard treatments is around 
15 months (2), we believe that our follow-up time of  
17.9 months was sufficient for determining the MTD of 
the CIRT boost in the setting of a phase I trial. As such, a 
randomized phase III trial to compare the standard PRT  
(60 Gy RBE/30 fractions) with an identical PRT regimen 
plus the addition of a CIRT boost (15 Gy RBE/3 fractions) 
for GBM patients with residual lesion after resection (16) 
will soon be conducted. 

Conclusions

PBRT consisting of a CIRT boost of 15 Gy RBE (in 3 
fractions) following standard dose PRT of 60 Gy RBE in 
30 fractions, used in conjunction with temozolomide, is safe 
and potentially effective for patients with HGG. The phase 
III part of our trial will further evaluate the efficacy of the 
CIRT boost to the MTD (i.e., 15 Gy RBE delivered in 3 
fractions) followed by standard dose PRT as compared to 
PRT alone (16). 
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