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ABSTRACT

Diffuse intrinsic pontine glioma (DIPG) is a very challenging-to-treat pediatric malignant tumor, with a median survival time
of <12months. Convection-enhanced delivery (CED) allows for direct drug administration into the tumor site, showing poten-
tial as a novel therapeutic approach. This study evaluated the efficacy of CED of nimustine hydrochloride (ACNU) in children
with DIPG. This phase 2, single-arm, multicenter study enrolled patients aged 3-21years and diagnosed with DIPG. The inves-
tigational treatment commenced 1 month after completing radiotherapy (local 50-60 Gy). The treatment involved stereotactic
brain surgery for catheter placement, followed by ACNU administration via a CED catheter at a concentration of 0.75mg/mL
for 2-3days until a cumulative dose of 7 (+0.3) mL was achieved. The primary endpoint was the 1-year survival rate. From
April 2018 to March 2020, 21 children were enrolled in the trial and treated, with 20 evaluable for the primary endpoint. The
1-year survival rate from the start of radiotherapy was 60%, and the median survival time was 15months. The response rate was
analyzed in 20 patients, with one complete response (CR), six partial responses (PR), nine stable diseases, and four progressive
diseases, resulting in a response rate of 35% (CR+ PR). The CED of ACNU in the brainstem of children with DIPG after radio-
therapy appears to be an effective therapeutic strategy. This approach warrants further development as a treatment for children
with DIPG. This study is registered with jRCT (No. jJRCT2021190003).

1 | Introduction children, with many cases proving fatal within a year [1].

Given its location within the brainstem, DIPG cannot be
Diffuse intrinsic pontine glioma (DIPG) is a refractory brain surgically removed. In addition, temozolomide (TMZ) che-
tumor that originates in the brainstem, frequently affecting motherapy, which is a standard treatment for supratentorial
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malignant gliomas, has been proven ineffective against DIPG
[2]. Accordingly, radiotherapy remains the only effective
treatment; however, it is typically associated with a median
overall survival of < 1year.

In chemotherapy for malignant glioma, a substantial chal-
lenge is the permeation of therapeutic drugs through the
blood-brain barrier (BBB) when administered systemically
[3]. In addition, achieving an effective drug concentration
against malignant gliomas often results in systemic toxicity,
which limits the dosage and, consequently, the therapeu-
tic effect. To address this issue, convection-enhanced deliv-
ery (CED) has emerged as a promising drug delivery system
designed to overcome the BBB. CED has gained attention
recently, and clinical applications have been attempted for
various diseases [4]. Unlike conventional intracerebral ad-
ministration that relies on diffusion, CED delivers the drug
continuously to the targeted site, applying positive pressure to
distribute high concentrations into the interstitial space of the
brain tissue without mechanically damaging brain structures.
This method potentially allows for extensive drug distribu-
tion. However, despite its promise, many clinical studies using
CED for brain tumor treatment have failed to achieve satis-
factory outcomes. This may be due to inadequate drug distri-
bution or questions about efficacy [5, 6]. For instance, when
using chimeric proteins, tumor cells must express the antigen
that the therapeutic antibody recognizes. Still, all tumor cells
will unlikely express a specific antigen [6]. For brain tumors,
alkylating agents, including temozolomide and nitrosourea
compounds such as nimustine hydrochloride (ACNU), car-
mustine (BCNU), and lomustine (CCNU), have demonstrated
efficacy in clinical practice. This study focused on using nitro-
sourea agents for their drug efficacy and targeting the brain-
stem for better drug distribution. ACNU, which is primarily
used in Japan as an alternative to BCNU in the USA, is the
most water-soluble nitrosourea agent, making it particularly
suitable for CED [7]. Its dose-dependent effect indicates that
even a single dose may provide a sustained therapeutic effect,
and CED dosing has shown potential for achieving relatively
wide distribution [7]. In 2001, the topical administration of
nimustine hydrochloride (1-(4-amino-2-methyl-5-pyrimidL
nyl)methyl-3-(2-chloroethyl)-3-nitrosourea  hydrochloride)
in humans was reported to be safe [8]. Currently, ACNU is
approved for intravenous or intra-arterial administration for
brain tumors in Japan and plays a central role in chemother-
apy for malignant gliomas. Based on these findings, we inves-
tigated the toxicity and antitumor effects of ACNU using CED
in a rat brain tumor model to confirm its safety and efficacy
[9, 10]. In addition, clinical studies in patients with recurrent
malignant glioma [UMIN000003983] have tested its efficacy
and safety [11]. Encouraging results were observed in three
patients with brainstem glioma, leading to further clinical
studies to evaluate the safety of ACNU using CED catheters
in recurrent patients with brainstem glioma. The results con-
firmed that a single continuous administration of a 7-mL dose
of 0.75mg/mL ACNU is expected to yield positive outcomes
for brainstem gliomas [UMIN000005125] [12].

To develop a new treatment for pediatric DIPG, where treat-
ment options are currently limited, we investigated the ef-
ficacy and safety of a continuous 7-mL dose of 0.75mg/mL

ACNU using CED in pediatric patients with newly diagnosed
DIPG. The primary endpoint was the 1-year survival rate. The
overall survival and response rates were defined as second-
ary endpoints, and adverse events were assessed as the safety
endpoint.

2 | Methods
2.1 | Study Design and Participants

This investigator-initiated, single-arm, multicenter, phase 2
clinical trial was conducted to evaluate the efficacy of the CED
of ACNU. Eligible patients were aged 3-21years and diagnosed
with DIPG. The eligibility criteria were as follows: patients
whose magnetic resonance imaging (MRI) at screening showed
that at least two-thirds of the lesion in the brainstem was lo-
cated in the pons and considered of pontine origin (tissue di-
agnosis was not required for study entry), patients who could
begin treatment within 28-35days after completing radiother-
apy (local 50-60Gy), patients who had not received any other
antitumor therapy except for radiotherapy and temozolomide,
patients with a Lansky or Karnofsky performance status score
of at least 50 at screening, patients expected to have a prognosis
of at least 2months, patients in adequate general condition, and
patients who provided free and voluntary written consent for
participation in the clinical trial.

The study was first approved by the Ministry of Health, Labour
and Welfare Certified Clinical Research Review Board at
Tohoku University and then by the ethics committee of Kyoto
University, Tokyo Woman's University Hospital, Kitasato
University Hospital, and Yamagata University Hospital.

2.2 | Procedures

One month after completing radiotherapy (local 50-60 Gys;
28-35days later; in cases of re-enrollment, treatment initiation
was allowed up to 56 days later), the investigational treatment
was started. The treatment consisted of stereotactic brain sur-
gery (catheterization) followed by ACNU administered via a
CED catheter at a concentration of 0.75mg/mL for 2 or 3days
until the cumulative dose reached 7 (+0.3) mL. If resuming
administration after an interruption due to syringe pump fail-
ure, adverse events, or other circumstances was deemed rea-
sonable, resumption within 24 h was allowed (if not resumed
within 24 h, administration was discontinued). In such cases,
the dosing period could be extended to day 4, with the day
of surgery as day 1. Fuji Systems Co. provided the catheters
used in this study. A microcatheter with a silicone balloon,
initially approved for neurovascular intervention, was modi-
fied and used in this study (Figure S1). The administration site
was determined based on contrast-enhanced T1-weighted MR
images (3D) and T2-weighted images (3D) obtained preopera-
tively using a stereotactic surgical planning device. The target
was defined as the T2-weighted high-signal region on MRI.
Using a stereotactic neurosurgical device, an inserter was in-
troduced into the brain, with the tip positioned 1 cm before the
target site. The catheter was then inserted 1cm deeper than
the tip of the inserter, positioning the catheter tip at the target
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site. The position of the catheter tip was confirmed under X-
ray imaging. After approximately 1h of administration at a
flow rate of 0.1 mL/h, the balloon was inflated to the speci-
fied volume (0.02mL) to prevent leakage through the catheter
tract. The dosing rate was as follows: when using one catheter,
the dose was started at 0.1 mL/h and increased to 0.2mL/h
at any time on day 2. After 1h of administration at 0.2mL/h,
increasing the rate to 0.3mL/h was acceptable. When using
two catheters, the dose was started at 0.1 mL/h per catheter
and maintained at this rate until the end of administration.
The following concomitant medications and therapies were
allowed: TMZ could be administered at 150 mg/m? for 5days,
either orally or intravenously. If used, TMZ was administered
from days 1 to 5 (days 2-6 were also permissible). Patients
were allowed to receive up to 12 courses of maintenance
TMZ. Non-antineoplastic drugs, such as antibiotics and anti-
convulsants, were allowed. In addition, intracranial pressure-
lowering agents such as glycerol, mannitol, isosorbide, and
steroids were permitted to lower brain pressure.

2.3 | Outcomes

The primary endpoint was defined as the 1-year survival rate.
Secondary endpoints included overall survival and response
rate. For the analysis of overall survival, the cutoff date was set
at 1year after day 1 of study drug administration for the partic-
ipant who received the last dose in this trial. The response rate
was determined according to the efficacy criteria published by
the response assessment in neuro-oncology (RANO) working
group [13]. For participants with contrast-enhanced lesions on
gadolinium contrast-enhanced T1-weighted MRI at baseline,
these lesions were analyzed, whereas for participants without
contrast-enhanced lesions, T2-weighted high-intensity regions
were analyzed.

Adverse events were also analyzed as a safety endpoint. Adverse
events were defined as any undesirable or unintended illnesses,
disorders, or symptoms (including abnormal laboratory values;
abnormal laboratory values of grade > 2 were counted; however,
if medical or surgical intervention was required, abnormal lab-
oratory values of grade 1 were also counted) that occurred in
participants and surgeons who received the study treatment.
Symptoms resulting from exacerbating the underlying disease
were not considered adverse events. This study's severity of ad-
verse events was determined according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCICTCAE v4.0).

2.4 | Statistical Analysis

To demonstrate the efficacy of the investigational treatment
for pediatric first-episode brainstem glioma, we verified that
the 1-year survival rate, starting from the initiation of the
investigational treatment, was substantially higher than the
threshold of 30%. This 30% threshold was extrapolated from
previously reported DIPG survival curves [2] at 15 months, ac-
counting for the fact that the study treatment begins 1 month
after the completion of radiation therapy. Asymptotic normal-
ity was assumed for the 1-year survival rates estimated by the

Kaplan-Meier method, and one-tailed tests were performed
for the following hypotheses: null hypothesis (HO), 1-year sur-
vival rate for the study treatment group <0.30, and alternative
hypothesis (H1), 1-year survival rate for the study treatment
group > 0.30. The significance level was set at 2.5% one-sided.
For the analysis of the response rate, the frequency distribu-
tion of tumor shrinkage was assessed according to the RANO
criteria, and the percentage of response (complete response
[CR] + partial response [PR]) was calculated. Clopper-Pearson
intervals were used to construct the confidence intervals for
the proportions. Waterfall plots were created to represent the
data visually.

3 | Results
3.1 | Patients

Informed consent was obtained from 24 participants, of whom
21 were enrolled. The 21 participants who underwent clinical
trial treatment were defined as the safety analysis population.
Patient demographics are detailed in Table 1. In comparison, the
20 participants who began receiving the investigational drug
were defined as the efficacy analysis population, as one par-
ticipant experienced a severe adverse event related to catheter
implantation surgery and discontinued before administration
of the investigational drug. In these 20 patients, who received
ACNU, the scheduled dose (=complete dose) were given. In one
case, the start of dosing was delayed due to intra-tumor hem-
orrhage associated with surgery, but after the initiation of in-
fusion, the drug was administered to the final volume without
interruption (Table 2). Of the participants who received ACNU,
2 completed the study period up to the post-observation period
evaluation, whereas 18 discontinued the post-observation pe-
riod evaluation. The reasons for discontinuation included the
worsening of the primary disease in 17 participants and the oc-
currence of adverse events in 1.

3.2 | One-Year Survival Rates for Pediatric DIPG

One-year survival rates were calculated for 20 patients with
newly diagnosed pediatric DIPG, starting from the treatment
date in the clinical trial. The 1-year survival rate was 55.0% (95%
confidence interval, 31.3%-73.5%, p=0.0123), indicating a sub-
stantially higher survival rate than the 30% threshold. When the
1-year survival rate was evaluated from the start of radiother-
apy, as often reported in historical data, it was 60% (95% confi-
dence interval, 35.7%-77.6%).

3.3 | Overall Survival of Pediatric DIPG

The overall median survival time (MST) of 20 patients with
newly diagnosed DIPG was calculated using the start date of
the study treatment as the starting point. The MST was 386.0
(95% confidence interval, 261.0-466.0) days. When calculated
using the start date of the initial radiation therapy as the starting
point, this MST was 15months (455days). The survival curves,
estimated by the Kaplan-Meier method from the start date of
the initial radiation therapy, are shown in Figure 1.
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TABLE1 | Patient demographics.

TABLE1 | (Continued)

Patients (n; number of subjects) 20 70 2(10.0)
Sex N (%) 80 3(15.0)
Female 10 (50.0) 90 3(15.0)
Male 10 (50.0) 100 1(5.0)

Age JCS n (%)

Median 8.5 0 14 (70.0)
Min-Max 4.0-17.0 I-1 3(15.0)
Mean 8.4 I3 3(15.0)
S.D. 3.39 Aphasia n (%)

Past History n (%) -) 19 (95.0)
S, 4(20.0) ) 1(5.0)
S 16 (80.0) Dysarthria n (%)

Complication n (%) - 9 (45.0)
© 15750 ) 11 (55.0)
+) 5(25.0) Cranial nerve palsy n (%)

Radiation dose ©) 5(25.0)
Medi 4,

edian >4.00 ) 15 (75.0)
Min-M 50.00-60.00
tnvax Limb paresis n (%)
Mean 53.72 .
No paresis 10 (47.6)
S.D. 2.044
Hemiparesis 8(38.1)
Radiation dose per day )
Tetraplegia 3(14.3)
Median 1.80
CNS hemorrhage n (%)
Min-Max 1.20-2.00
) 19 (95.0)
Mean 1.81
) 1(5.0)
S.D. 0.165
Memory disturbances n (%)
Days of RT
. &) 20 (100.0)
Median 44.0
. Cognitive deficit n (%)
Min-Max 36.0-52.0
— 16 (80.0
Mean 43.2 © ( )
S.D. 3.58 S 4(20.0)

Radiation Field n (%) Seizure n (%)

Local 20 (100.0) ) 19.(95.0)

Use of steroids n (%) +) 1.0
None 20 (100.0) Somnolence n (%)

KPS 1 (%) =) 19 (95.0)
Over 70 13 (65.0) ) 1(5.0)
Over 80 7 (35.0) Hydrocephalus n (%)

50 6 (30.0) =) 19 (95.0)
60 5(25.0) +) 1(5.0)
Abbreviations: CNS, central nervous system; KPS, Karnofsky Performance
(Continues) Status Score; RT, Radiation Therapy.
4 0f 12 Cancer Science, 2025
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FIGURE 1 | The overall survival time (MST) after the initiation of
radiation therapy in 20 pediatric patients with newly diagnosed DIPG
was calculated. The median overall survival was 455.0 (95% confidence
interval, 339.0-549.0) days. The survival curves were estimated using
the Kaplan-Meier method and are presented.

3.4 | Response Rate in Pediatric DIPG

Response rates were calculated according to the RANO criteria.
Of the 20 pediatric patients in the efficacy analysis population,
one patient achieved CR, 6 achieved PR, and 9 had stable disease
(SD). The waterfall plot is shown in Figure 2A and the dura-
tion of response in Figure 2B. The estimated overall response
rate (CR + PR) was 35%. Representative cases showing PR to the
treatment are illustrated in Figure 3 and Figure S2. A represen-
tative case showing a CR is illustrated in Figure S3.

3.5 | Treatment Duration

In the safety analysis population, the median duration of
catheter placement was 3.0 (range, 2.0-3.0) days. The median
time for study drug administration was 35.00 (range, 34.00-
44.20) h. The study drug's median dose was 7.000 (range,
6.800-7.210) mL.

3.6 | Adverse Events

In the safety analysis of 21 patients, all 21 (100%) experienced
adverse events (Table 3). The most common adverse events
were decreased lymphocyte count in 10 (47.6%) patients, con-
stipation in 7 (33.3%), and fever in 4 (19.0%). However, no
causal relationship with the investigational drug or device was
established. The decreased lymphocyte count and constipa-
tion were considered side effects of TMZ, whereas the fever
was likely due to the surgery. However, the participant’s sus-
ceptibility to aspiration might have also contributed. Serious
adverse events occurred in 4 (19.0%) patients. These included
intracranial hemorrhage caused by catheter manipulation,
hemorrhage within a brainstem tumor, wound infection, non-
bacterial infection, and stroke. Although a causal relation-
ship with the study drug was ruled out for all events, a link
to the study device could not be excluded for the “intracranial
hemorrhage due to catheter manipulation” and “intratumoral
hemorrhage in the brainstem.” In the case of “intracranial
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FIGURE 2 | The frequency distribution of tumor shrinkage and re-
sponse rates (CR+ PR) were calculated according to the RANO criteria
in 20 patients. Among the 20 pediatric patients in the efficacy analysis
population, one achieved CR, 6 achieved PR, and 9 had SD. (A) The wa-
terfall plot illustrates these results. The estimated overall response rate
(CR+ PR) was 35%. Panel B shows the duration of response with display
of the occurrence of first and best response or progression.

hemorrhage due to catheter manipulation,” a hematoma was
identified in the right frontal lobe along the catheter tract on
an MRI of a 6-year-old girl (Figure S5). Hematoma removal
was performed, and the trial was terminated for her safety.
She was transferred to another hospital, and her postoperative
left hemiparesis improved, leading to the conclusion of the
follow-up study with the outcome labeled as “minor improve-
ment.” “Intratumoral hemorrhage in the brainstem” occurred
in an 8-year-old boy. Following catheter placement, a com-
puted tomography (CT) scan revealed a hemorrhage within the
brainstem tumor (Figure S6). The hemorrhage did not enlarge
the next day, and the investigational drug administration was
initiated. Although the patient developed right hemiparesis
after surgery, this gradually improved, and he could walk with
assistance. A wound infection was observed in a 5-year-old
girl who had already been discontinued from the clinical trial
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FIGURE 3 | Case of a 6-year-old male with newly diagnosed DIPG who achieved a partial response after treatment. Images were obtained just
before the CED of ACNU (A, E), 7months after treatment (B, F), 8 months after treatment (C, G), and 11 months after treatment (D, H). Contrast-
enhanced T1-weighted images (A-D) and T2-weighted images (E, F, G, and H) are shown.

because of disease progeression. She was hospitalized because
of effusion and crust formation at the surgical wound site on
her right forehead. After receiving cephazolin sodium, her
symptoms improved, and she was discharged. Nonbacterial
infection and stroke occurred as adverse events in the same
patient, a 9-year-old boy. Fifty-six days after receiving the
study drug, he showed no abnormalities but later developed
tachypnea, tachycardia, impaired consciousness, and fever. He
was intubated and placed on a ventilator; however, his con-
dition progressed to multiple-organ failure and disseminated
intravascular coagulation syndrome. Eventually, his condi-
tion stabilized enough that weaning from the ventilator was
considered, and he was judged to have “recovered.” Because
the event was likely caused by a cytokine storm triggered by
a nonbacterial infection, and more than 2months had passed
since the investigational treatment, a causal relationship with
the investigational drug and device was ruled out. After re-
covering from the described symptoms, CT revealed extensive
cerebral infarctions in bilateral cerebral hemispheres, sparing
the brainstem. Despite 3 months of follow-up, the conscious-
ness disorder or quadriplegia did not improve. The patient
remained dependent on ventilatory support, and ischemia
findings on CT persisted. The patient was judged to be in a
steady state with minimal prospects for further recovery, lead-
ing to the termination of the follow-up investigation with the
outcome labeled “not recovered.” The adverse events in this
patient, particularly the infection and stroke, led to the discon-
tinuation of the clinical trial evaluation.

During the investigation period, no participants died. However,
among those who discontinued study evaluation and partici-
pated in survival studies, 10 deaths were recorded during the
post-observation period, all attributable to the underlying dis-
ease. In addition, during the 13-month follow-up period after
treatment, seven more cases resulted in death, also due to the
progression of the underlying disease.

3.7 | Effects of Concomitant Temozolomide

TMZ was concomitantly used in 16 patients (Table 2). The pri-
mary efficacy endpoint of 1-year survival with and without
TMZ was 62.5% and 25.0%, respectively, and the secondary
endpoints of overall survival were 433days and 285.5days,
respectively, with response rates of 37.5% and 50.0%, respec-
tively. In any of these endpoints, no statistical difference was
observed between the presence or absence of TMZ concomi-
tant use.

3.8 | Effects of Post-Treatment

Post-treatment disease progression was not specified in this
study. However, 15 patients received bevacizumab after progres-
sion. Of these, seven also underwent a second course of radia-
tion. The effect of re-irradiation on the 1-year overall survival
after the initiation of initial radiation therapy was minimal; two

7 o0f 12

85U8017 SUOWILLIOD BAFeE81D) 3|edl|dde au Aq peusenob aJe ssolie YO ‘8sn Jo s8N 1o} Akeiq 18U UO AW UO (SUOPUOO-pUR-SWLBILI0D" A3 | 1M Afeiq|BUl|UO//:SdHL) SUORIPUOD PUe SWLB | 8U} 885 *[S202/70/20] Lo Areiqiauljuo 43| ‘BlfeleueI4e0D Ag G002 'Sed/TTTT OT/I0p/W00 A8 1M Alelq1jeul|uo//Sdny woij pepeo|umoq ‘0 ‘900L6vET



13497006, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cas.70054 by Cochraneltalia, Wiley Online Library on [02/04/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunjuo))
(XOK 0 0 (s6)¢ 0 0 0 uoryeorjdwos punopy
(CR2A 0 0 81 0 0 0 SYORPERAY [RINPII0I]
(CE2R! 0 0 8v1 0 0 0 o8eyaroway reanpadsoid 3sod suonedrdwod [einpadoid pue Suruosiod ‘Ainfuy
(CR7A 0 @8I 0 0 0 0 91N0R BIPAW SN0
(CRYR! 0 81 0 0 0 0 uonoayur dr
81 0 81 0 0 0 0 eZUSN[JU]
(IR 0 0 BN 0 0 0 SIAISuID SUOIIBISSJUT pUe SUONOSJU]
BP1 0 (CE2A! 0 0 0 0 Kinfur 19A1] paonpur-3niq s1apiosip A1eriqoyedsyq
6D ¥ 0 EtrDe  @BY1 0 0 0 eIxoIkq
8v1 0 (CR2A! 0 0 0 0 UOTJBSBARI)XS 9IS UOISNJU]
(CR2Rt 0 81 0 0 0 0 ured 9)1s 1939138D SUONIIPUOD 9)IS UOIJBIISIUTWPE PUE SISPIOSIP [BISUID)
(N4 0 seC 0 0 0 0 SIIT)BUWIO0)S
@1 0 0 (CRINt 0 0 0 vasnEN
ez GBI 0 0 0 0 (CR2N! erSeyds£q
8h1 0 0 @8h)1 0 0 0 QWOIPUAS SUNIUIOA J1[0AD)
€€L 0 8MI1 (9809 0 0 0 uoryednsuo) SIOPIOSIP [RUNSIUIOIISBY)
(CRN! 0 0 81 0 0 0 BUIOPAO [BIQIOLID]
(CR2R! 0 (CR2R! 0 0 0 0 SRIoY
(CRYR! 0 (CRYR 0 0 0 0 aks L1q SI9pIOSIp ALY
(se6)C 0 (s6)c 0 0 0 0 KoUaIoIJNSul [RUIPY SI9PIOSIP SuLIDOpUH
(CRIN 0 0 (CR9N! 0 0 0 UONBWIWER[JUT 18 A[PPIA SIOPIOSIP YIULIAQR] pue Iy QI9AJS-UON
[810], €opeIH 7OpeIH [ApRID ¢IpRID IpRID [IpeIH (urxa) paxxayaxd) 1.4 (ssepd uesio waysAs) DOS KILIADS
Paje[aI-UON paredy
(%) N syuanyeg SIUIAD ISIIAPY

BLI9)11D) ASO[OUTWLIS], UOWIWIOY) 9)NIISU] JOOUEBD) [BUONEN ) 0) SUIPIOIOE PIUTULIAIOP Sem APNIS SIY) UT SUIAD ISIOAPE JO AJLI9AIS AU T, ‘APNIS SIY) Ul PIAIISGO SJUIAS ISIDAPE Y} Jo ATewIwing |

(0'7A AVOLD IDN) SIUSAH SSISAPY 10§
¢ ATAV.L

Cancer Science, 2025

8 of 12



13497006, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cas.70054 by Cochraneltalia, Wiley Online Library on [02/04/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuo))
(se)z (s6)C 0 0 0 0 0 uonjeridse eruownaug
(CR2A! 0 (XA 0 0 0 0 erxodAH SIOPIOSIP [BUIISBIPIW PUE J[0BIOY) ‘AI10jeIidsay
(CR2A! 0 (CRINS 0 0 0 0 ured s[Tusg SIOPIOSIP 1SBSIQ pU® WSISAS aAnonpoiday
@8I 0 (CRYR 0 0 0 0 erms£Q SIOPIOSIP ATRULIN PUE [BUSY
(CRIN 0 0 0 0 CRIN 0 doudoUWOS
€rDe 0 0 0 0 (s6)c 811 SWIOIPUAS 1081) [epIweIfg
(s6)c 0 0 (s6)¢ 0 0 0 KSreyro]
BMN1 GBNI 0 0 0 0 0 sneydoooIpAH
(CRIN 0 @81 0 0 0 0 ayoepeay
(CR2R! 0 0 0 0 0 (CX2)! stsATexed [eroeq
(SO 0 0 0 0 0 (YOX elfe[siq
(se6)c 0 0 0 0 0 (S'6) T SSOUSNOIISUOD JO [9AJ] passardoqg SIOPIOSIP WISAS SNOATON
(sdAjod pue s3s£o 1our) parjroadsun

(CRIA! 0 0 0 0 Sv1 0 oSeyLI0WAY I0UIN) [RTUBIORIIUT pue jueusieuwr ‘usiuaq swisejdooN
(CR2A 0 (CR2A 0 0 0 0 ured yoeg SIOPJIOSIP ANSST) SATIOUUOD PUEB [BIS[YSO[NISNAL
se6C 0 (CRIN! 0 8v1 0 0 aadde paseardag SI9PIOSIP UOTILIINU PUR WSI[OQRIIA

PasBaIdap JUNOD
(€vDe 0 v e 0 0 0 0 [199 POO[q Y M
(CRIA 0 (CR2A! 0 0 0 0 PIsBaIOAP IYSIOM
GNT GBI 0 0 0 0 0 paseaIdap Junod rydonnaN
O'Ly)

01 ®8€s (B€0S 0 0 0 0 pasearoap 1unod a1kooydwA
(CRYR! 0 (CRYR! 0 0 0 0 poseaIout 1SV
(CRIA 0 @8I 0 0 0 0 pasearoul [TV suonednsaAu]
[810], €9peIH 7OpeIH [IpRID ¢IpPRID IpRID [IpeIH (urxa) paxxayaxd) 1.4 (ssed uesio wraysAs) DOS KILIA3S
Paje[aI-UON paredy
(%) N s1uanreq SIUIAD ISIIAPY
(ponupuo)) | €ATAVL

9o0f12



13497006, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/cas.70054 by Cochraneltalia, Wiley Online Library on [02/04/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(CR2Rt 0 0 0 Sv1 0 0 [eTURIORIIUT 98RYLIOWS}]
8v1 (CR2A! 0 0 0 0 0 JUSPIIIL IR[NISBAOIQIIDD SIOPIOSIP UI)SAS SNOATON

(sdAjod pue s3s£o 1our) paryroadsun
8v1 0 0 0 0 (CE2RN 0 d3ey1IoWAY J0WN) [RIURIORIIUT pue jueudiewr ‘udiusq swisejdoaN
GNT GBI 0 0 0 0 0 uordsyur punom dAeradolsod
BNIT @BNI 0 0 0 0 0 uonoauy SUOI1BISIJUI PUB SUONIJU]
(CR2N! 0 0 0 (CR2R! 0 0 98ey1IouIay 9IS I91938D SUONIPUOD J}IS UOIIBIISIUTUIPE PUE SIIPIOSIP [BISUID 9I9A9S
(CR2A 0 0 (CEDR 0 0 0 SOI[NOSEA SIOPIOSIP TR[NOSBA
(CR2A 0 (CR2A! 0 0 0 0 uondnis urys o1xo(,
(CR2A 0 (CR2N 0 0 0 0 ysey
(CRN 0 0 (CRoN 0 0 0 snyumIg
(sec 0 BMNI BYI 0 0 0 ewaA1g
sec 0 0 (se6)c 0 0 0 JOBIUO0D SHIIRWLIS(]
[CXDN! 0 0 SP1 0 0 0 o1319[e SHIRULId SIOPIOSIP ANSSI} SNOAULINOGNS PUE ULYS 9I9AIS-UON
[e10], €9peInH ZIpeinH T[IpeID ¢IpRID ZIpeIH [IpeIH (wxd) paxxdyaad) 1.4 (ssepo uesio wraysAs) DOS AILIDADS

paje[a1-uoN pajedy
(%) N sjuanreq SIUIAD ISIIAPY
(penupuo)) | €HTAVL

Cancer Science, 2025

10 of 12



patients died before reaching the 1-year mark, four received
re-irradiation 12months or later after the initial treatment
(specifically at 12months for two patients, 14 months for one,
and 16 months for another), and only one patient received re-
irradiation at 6 months after initial radiation.

4 | Discussion

In this study, the 1-year survival rate after enrollment was
55.0%. Compared with the historical control [2], which was the
prespecified statistical benchmark for this trial, this rate ex-
ceeded the lower threshold of the 95% confidence interval set at
30% (95% confidence interval, 31.3%-73.5%, p=0.0123). Among
various studies reported in the literature and summarized in
reviews [1], the study from the Children's Oncology Group, re-
ported in 2011, was selected as the historical control because it
was one of the largest studies (n=63) available when this trial
was initiated [2]. When this 1-year survival rate was evaluated
from the start of radiotherapy, as often reported in historical
data, it was 60% (95% confidence interval, 35.7%-77.6%). Data
from the International DIPG Registry, which included 372 cases
with central radiological review from January 2004 to January
2014, were reported in 2017 [14, 15]. The median (min-max) age
at diagnosis was 6.3 (4.6-9.1) years; 55% were female, 42.7% were
Caucasians, 9.9% were Africans, and 2.4% were Asians. The re-
ported median survival was 11.2 months, with no significant dif-
ferences by age, sex, or race. The 1-year survival rate was 45.3%,
and the median progression-free survival was 7.0 months. The
median time from progression to death was 2.3 months. Another
study from Japan summarized 99 cases retrospectively enrolled
from 27 Japanese centers between January 2009 and November
2014 [16]. Of the 99 patients, 47 (47%) were male, 52 (53%) were
female, and the median (min-max) age at diagnosis was 6 [2-15]
years. Of these patients, 99% received radiation therapy, and 74
received temozolomide chemotherapy. The resulting 1-year sur-
vival rate for the cohort was 40.6%, with a median survival of
11 months. Compared with these data, our treatment strategy
indicates effectiveness (Figure S4).

The median overall survival from accrual, a secondary end-
point, was 386.0 (95% confidence interval, 261.0-466.0) days.
However, the median overall survival from the start of radio-
therapy, which is comparable to the aforementioned histori-
cal data, was 15months. This result is also clearly better than
the reported historical data [1, 2, 14, 15, 16]. Another second-
ary endpoint was the response rate in pediatric patients with
first-episode brainstem glioma, estimated at 35.5%, indicating
a certain level of efficacy in this challenging disease. All these
data support the efficacy of the current strategy against pediat-
ric DIPG.

No deaths were reported during the investigation period for ad-
verse events from the start of the clinical trial to the 3-month ob-
servation period. However, during the post-observation period,
extending up to 12months after treatment initiation, 10 deaths
were recorded, all of which were associated with disease pro-
gression. The frequency of hemorrhage was 9.5%, observed in 2
of the 21 children, which is comparable to the frequency of hem-
orrhage typically seen in surgery [17]. One patient experienced

an intratumoral hemorrhage in the brainstem; however, the
drug could still be administered afterward, and the patient re-
covered. Consequently, 20 of the 21 patients could receive the
drug as planned. In addition, one participant experienced mul-
tiorgan failure and cerebral infarction after being discharged
from the hospital (2months after treatment) because of a sud-
den deterioration of his condition, believed to be caused by an
infection. Although treatment efficacy was recognized in this
trial, no relationship was found between the treatment and the
patient's condition deterioration, which began with infectious
symptoms, nor with the cerebral infarction, which occurred in
a way that preserved the brainstem, the treatment target. Other
adverse events, including wound infection, were within the ex-
pected range, confirming the safety of this treatment.

A limitation of this study is its single-arm study design.
Randomization was considered difficult because of the rarity of
DIPG, and radiotherapy is the only standard treatment despite
the poor survival outcomes, with nearly all patients succumb-
ing to the disease after treatment. In addition, the diagnosis
of DIPG was based solely on diagnostic imaging. Nonetheless,
17 out of 20 patients died, with 10 deaths occurring during the
post-observation period and 7 during the follow-up period after
13 months of study treatment, reflecting the grim prognosis of
this disease. Considering the efficacy and safety profile, the
CED of ACNU was regarded as a treatment of high medical sig-
nificance for patients with brainstem gliomas, with very high
unmet medical needs and limited effective treatment options.
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