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Abstract

Background. Combination chemotherapy of procarbazine, lomustine (CCNU), and vincristine (PCV), a standard treat-
ment for oligodendroglioma, is associated with frequent adverse events. In Japan, only nimustine (ACNU), an analog
of CCNU, is approved. This study aimed to evaluate the long-term outcomes of ACNU-based chemotherapy after
maximal safe resection with deferred radiation therapy (RT) for oligodendrogliomas.

Methods. This retrospective study included 50 patients diagnosed with IDH-mutant 1p/19g-codeleted oligodendro-
glioma of grades 2 (n=27) or 3 (n=23) between 2002 and 2022. Progression-free survival (PFS), overall survival (OS),
and time to decline in performance status (deterioration-free survival [DFS]) were analyzed using the
Kaplan-Meier method.

Results. Postoperative chemotherapy was administered to 94% of patients (procarbazine, ACNU, and vincristine
[PAV], n=24; ACNU, n=22; temozolomide [TMZ], n=1; excluded). Median follow-ups were 142.9 and 50.6 months
for PAV and ACNU groups, respectively.Ten-year PFS rates were 54.2% and 30.0% for grades 2 and 3 tumors, respec-
tively (P=.0870), and 10-year OS rates were 91.5% and 78.8% for grades 2 and 3, respectively (P=.5098), with com-
parable DFS (P=.6922). Comparing regimens, the 10-year OS rate was 82.3% for PAV, while all patients in the ACNU
group remained alive. Five-year PFS were almost identical: 58.9% (PAV) versus 56.8% (ACNU), P=.9996. Treatment
completion rates were 75% and 91% for PAV and ACNU, respectively.

Conclusions. ACNU monotherapy has a similar efficacy to PAV and tolerability toTMZ, suggesting that it is the most
favorable chemotherapeutic option currently available in Japan, considering its risk-benefit profile.

Key Points

¢ Long-term outcomes of ACNU-based chemotherapy for oligodendrogliomas were
evaluated.

e The 10-year OS rates were 91.5% and 78.5% for grades 2 and 3, respectively.
e ACNU monotherapy showed a similar efficacy to PAV and tolerability to TMZ.

Oligodendrogliomas have a relatively favorable prognosis, as long-term survival in anaplastic oligodendrogliomas.'?

their postoperative treatment has higher efficacy, compared
with other adult diffuse gliomas. Since the 1990s, clinical trials
have evaluated the efficacy of chemotherapy, and in the 2010s,
phase 3 clinical trials RTOG 9402 and EORTC 26951 demon-
strated for the first time that combination chemotherapy of
procarbazine, lomustine (CCNU), and vincristine (PCV) improved

Subsequently, RTOG 9802 revealed that PCV has also been
shown to be effective for grade 2 tumors?®; however, PCV itself
has not been established as a standard treatment in clinical
practice because of the complexity of the regimen and adverse
events.The PCV regimen primarily consists of alkylating agents,
with CCNU as the key agent. The CCNU has several analog
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Importance of the Study

This retrospective study assessed long-term outcomes
of ACNU-based chemotherapy following maximal safe
resection with deferred radiation therapy in 50 patients
diagnosed with IDH-mutant, 1p/19g-codeleted oligo-
dendrogliomas (grades 2 or 3) between 2002 and 2022.
The 10-year overall survival (0S) rates were 91.5% for
grade 2 and 78.8% for grade 3, demonstrating that the
chemotherapy-first approach yields survival outcomes
comparable with or better than phase 3 trials of PCV
with radiotherapy. Notably, complete remission was
observed in some cases where residual tumors

formulations, including carmustine (BCNU), which is com-
mercially sold as Gliadel wafers.* In Japan, because CCNU
has not yet been approved, its analog nimustine (ACNU) has
been utilized for a long time. The ACNU is a nitrosourea
compound developed in Japan. Compared with other
alkylating agents, it features both lipophilicity and superior
hydrophilicity, making it suitable for intravenous adminis-
tration. Furthermore, its lipophilicity ensures effective pas-
sage through the blood-brain barrier in vivo.* Based on RCTs
in the 1980s showing that radiation therapy plus ACNU
yielded better outcomes for malignant gliomas than radia-
tion therapy alone, it was positioned as the standard treat-
ment drug in Japan untilTMZ was approved.® A meta-analysis
comparing the efficacy of ACNU with BCNU and CCNU also
reported the noninferiority of ACNU.” Even after the 2010s,
when the efficacy of PCV for oligodendroglioma had been
established, CCNU remained unapproved in Japan, and
ACNU continued to be used as an alternative. We have been
using combination chemotherapy of procarbazine, ACNU,
and vincristine (PAV), as an alternative to PCV therapy in
patients with lower-grade gliomas. Due to these circum-
stances, PCV + RT—which should be positioned as the stan-
dard treatment—is practically impossible to implement,
resulting in ambiguous treatment guidelines in Japan.
Consequently, the current situation where actual clinical
practice in Japan deviates from the global consensus
remains an unsolved issue.

After favorable results for PCV/RT over RT alone were
confirmed in 2013, the superiority of PCV + RT over PCV is
currently being evaluated in the POLCA trial.® However,
results have not yet been reported, leaving the matter unde-
termined. Since the 2000s, large retrospective studies have
accumulated reports showing that the proportions of che-
motherapy alone versus chemoradiation for anaplastic oli-
godendroglioma in general clinical practice have been
nearly equal, or that outcomes with chemotherapy alone
have been favorable.®'° In our previous study, the early treat-
ment outcomes of a chemotherapy-first approach with PAV
showed that the 75% OS was 133.5 months for both grade
2 and 3 tumors. These outcomes were comparable with
those of PCV with radiotherapy (PCV/RT) in studies such as
RTOG 9402, EORTC 26951, and RTOG 9802;1-3 however, the
relatively short observation period and low completion rates
of the full regimen due to toxicity remain problematic."The
widespread adoption of TMZ for malignant gliomas during

disappeared after chemotherapy. About half of the
cohort remained recurrence-free beyond 10 years.
During the study, the treatment protocol was shifted
from PAV (procarbazine, ACNU, vincristine) to ACNU
monotherapy. The switch maintained stable outcomes
while improving treatment tolerability, with completion
rates of 75% for PAV and 91% for ACNU. These findings
suggest that ACNU monotherapy provides similar effi-
cacy to PAV and tolerability comparable with temozolo-
mide (TMZ), supporting its use in long-term management
of oligodendroglioma.

this period, due to its mild adverse events, also fostered a
trend of avoiding PCV regimens because of their toxicity.
This trend led to a global movement exploring the efficacy
of regimens with lower toxicity than PCV, such as those
using fewer drugs.'>'® Subsequently, we switched to ACNU
monotherapy and accumulated the long-term treatment
outcomes. In this study, we conducted a retrospective anal-
ysis to evaluate the effects of our treatment strategy over
the past 20 years.

Methods

Patients

We extracted information on 67 patients who were newly
diagnosed with oligodendroglioma from our database
between 2002 and 2022. Of these, 17 patients who did not
meet the molecular diagnostic criteria (IDH wild type: n=8,
IDH mutant without 1p19q co-deletion: n=9) were excluded,
leaving 50 eligible patients.The molecular diagnosis of these
patients was confirmed using frozen tissue samples obtained
during surgery. DNA extraction and genetic analysis were
performed as previously described.™ All tumors were diag-
nosed according to the 5th edition of the WHO classification
of central nervous system tumors, revised in 2021. In this
study cohort, 26 and 24 cases of grade 2 and grade 3 tumors,
respectively, were identified. This study was conducted with
the approval of Kyushu University Clinical Research Ethics
Review Committee (approval number: 848-01) and was in
accordance with the 1964 Declaration of Helsinki (revised in
Fortaleza, Brazil in October 2013).

PAV Regimen

All patients received PAV therapy until 2015.The PAV therapy
regimen was as follows: ACNU, 75 mg/body; procarbazine,
100 mg/body/day administered on days 8-21; and vincris-
tine, 2.0 mg/body administered on days 8 and 29 in a 6-week
cycle (The ACNU dose being/body is not an error. While it
should be the/m? dosage, this setting was established at our
facility in the 1990s, and its origin is unknown). A maximum
of 6 cycles were administered, but the dosing interval was



adjusted at the discretion of the physician based on side
effects.

ACNU-Alone Regimen

In 2016, the chemotherapy regimen changed from PAV to
ACNU monotherapy.The ACNU was administered in cycles
of 80 mg/m? every 8 weeks. The standard treatment con-
sisted of 6 cycles, but up to 12 cycles were permitted if tol-
erated. Three cases with grade 2 tumors undergoing gross
total removal entered follow-up after only 3 cycles. The
actual number of cycles administered were as follows: 2
cycles in 1 case (discontinued due to myelosuppression), 3
cycles in 3 cases, 5 cycles in 1 case (discontinued due to
delusions), 6 cycles in 14 cases, 8 cycles in 2 cases, and 12
cycles in 1 case.

Statistical Analyses

The purpose of this study was to evaluate overall survival
(OS), progression-free survival (PFS), and deterioration-free
survival (DFS) on a monthly basis in accordance with the
methods of previous studies™ and to set the date of the last
follow-up for survivors as the censoring date. As previously
described, “progression” was defined according to the
RANO criteria,” and “deterioration” was defined as a
decrease of 10 or more points in the Karnofsky performance
score associated with disease progression or
treatment-related events, including neurocognitive dysfunc-
tion, radiation necrosis, or severe polyneuropathy related
to vincristine. Kaplan-Meier analysis was used to evaluate
OS, PFS, and DFS, and log-rank tests were used to compare
survival distributions. Clinical and molecular characteristics
were evaluated using the 2 test, Mann-Whitney U test, and
Fisher exact test. All Pvalues were 2-sided, and a 0.05 level
was considered statistically significant. Statistical analyses
were performed using JMP Pro v. 18.1.1 (SAS Institute
Inc, NC).

Results

Patient Characteristics and Treatments

Of the 50 patients enrolled in this study, chemotherapy was
administered to 47 (94%), with PAV administered to 24
patients; ACNU to 22 patients; and TMZ to 1 patient, who
was excluded. Of the 46 patients, 24 were diagnosed with
grade 2 tumor, of whom 13 were treated with PAV and 11
with ACNU, and 22 were diagnosed with grade 3, of whom
11 were treated with PAV and 11 with ACNU. There was no
difference regarding the administration of different chemo-
therapy regimens between patients with grades 2 and 3
tumors (P=1.0000).The median age of patients was 47 years
and 23 (50%) were women. Surgical resection included
gross total resection in 19 (41.3%) patients, subtotal resec-
tion (with a resection rate of 90% or more) in 10 (21.7%), and
partial removal in 14 (30.4%), and 3 (6.5%) patients under-
went biopsy. We compared clinical factors after stratifying
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the cohort by tumor grades and treatment regimens.
Significant differences in tumor size (P=0.0185) and contrast
enhancement (P=0.0097) were observed between tumor
grades; however, no other differences were observed
between grades (Table 1). There was no significant differ-
ence in the analysis by treatment groups (Table 2).

Survival Analyses

The median follow-up period after surgery was 64.3 months
for grade 2 and 78.3 months for grade 3 tumors. A total of
19 patients (41.3%) experienced recurrence, of whom 7 died
(15.2%). Of the 19 patients with recurrence, surgical resec-
tion was performed in 12. After the surgeries, 8 patients
underwent concurrentTMZ and RT (TMZ/RT), and chemo-
therapy alone was administered to 3 patients (TMZ, n=1;
ACNU, n=2). Of the 7 patients who did not undergo surgi-
cal removal of recurrent lesions, 2 underwentTMZ/RT, and
chemotherapy alone was administered to 4 patients (bev-
acizumab, n=1; ACNU, n=3). In summary, the secondary
treatments for the 19 patients with recurrence were surgical
removal (n=12) and chemotherapy, including ACNU (n=5),
bevacizumab (n=1), TMZ (n=1), and TMZ/RT (n=10). The
10-year PFS rate in the entire cohort was 57.4% for grade 2
and 30.0% for grade 3; however, the difference did not
exceed the significance level (P=.0870, Figure 1). In con-
trast, the 10-year OS rates were favorable, with 91.5% for
grade 2 and 78.8% for grade 3, and no significant differ-
ences were observed between grades (P=.4591, Figure 1).

Table 1. Clinical and molecular features (n=46)
Variable Grade 2 Grade 3
assessed All (n=46) (n=24) (n=22) P value
Age (years), 47 45 48 0.6030
median (range) (20-78) (20-66) (27-78)
<40 (%) 15 (32.6) 7 (29.2) 8(36.4)
240 (%) 31 (67.4) 17 (70.8) 14 (63.6)
Male sex (%) 23 (50.0) 13 (54.2) 10 (45.5) 0.7683
Tumor size 50 45 56 0.0185
(mm) (26-100) (26-75) (31-100)
median (range)
Contrast 24 (52.2) 8(33.3) 16 (72.7) 0.0097
enhanced
lesion (%)
KPS 90 100 90 0.3364
median (range) (60-100) (80-100) (60-100)
>80 (%) 42 (91.3) 23 (95.8) 19 (86.4)
<80 (%) 4(8.7) 1(4.2) 3(13.6)
Resection rate 0.5520
GTR or STR (%) 29 (63.0) 14 (58.3) 15 (68.2)
PR or biopsy (%) 17 (37.0) 10 (41.7) 7 (31.8)
Chemotherapy 1.0000
PAV (%) 24 (52.2) 13 (54.2) 11 (50.0)
ACNU alone (%) 22 (47.8) 11 (45.8) 11 (50.0)

Abbreviations: ACNU, nimustine; GTR, gross total resection; KPS,
Karnofsky performance score; PAV, procarbazine, ACNU, and
vincristine; STR, subtotal resection.
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The 10-year DFS rates were also favorable when compared
with PFS rates, with 72.3% and 69.1% DFS rates for grade
2 and grade 3 tumors, respectively, and no significant dif-
ferences were observed between grades (P=.6560,
Figure 1).

Table 2. Clinical and molecular background of the PAV and ACNU
alone groups

ACNU alone
Variable assessed PAV (n=24) (n=22) Pvalue
Age (years), 45 (20-73) 47 (35-78) 0.4598
median (range)
<40 (%) 9 (375) 6 (27.3)
>40 (%) 15 (62.5) 16 (72.7)
Male sex (%) 11 (45.8) 12 (54.5) 0.7683
Tumor size (mm), 55 (28-92) 46 (26-100) 0.3220
median (range)
Contrast enhanced 15 (62.5) 9 (40.9) 0.2371
lesion (%)
KPS median (range) 90 (70-100) 90 (60-100)  1.0000
>80 (%) 22 (91.7) 20 (90.9)
<80 (%) 2(8.3) 2(9.1)
EOR 0.2329
>90% (%) 13 (54.2) 16 (72.7)
<90% (%) 11 (45.8) 6 (27.3)
WHO grade 2 13 (54.2) 11 (50) 1.0000
WHO grade 3 11 (45.8) 11 (50)
Chemotherapy 18 (75.0) 20 (90.9) 0.2470

completion (%)

Abbreviations: ACNU, nimustine; EOR, extent of resection; KPS,
Karnofsky performance score; PAV, procarbazine, ACNU, and
vincristine.

Figure 1.

The 5-year PFS rates when compared according to treat-
ment regimens were almost identical: 58.9% in the PAV
group and 56.8% in the ACNU group (P=.9996; Figure 2).
While the 10-year OS rate was 82.3% in the PAV group, all
patients in the ACNU group were alive (P=.1866; Figure 2).
The 5-year DFS rates were also similar, at 91.5% in the PAV
group and 94.4% in the ACNU group (P=.8486, Figure 2).
Treatment completion rates were 75.0% and 90.9% for PAV
and ACNU treatments, respectively (P=.1550). The adverse
events that led to treatment discontinuation are summarized
inTable S1.

As an illustrative case, treatment was switched to ACNU
monotherapy in a patient due to adverse events after 2
courses of PAV therapy. Complete remission of the lesion
was achieved after the switch (Figure 3). In this study, this
case was considered a nontreatment completion case in
the PAV group. Additionally, in the ACNU group, we expe-
rienced a case where FLAIR high-intensity areas appeared
at the resection site after treatment initiation, raising the
suspicion of recurrence. However, the subsequent course
showed a necrotic lesion radiographically, leading to the
conclusion of pseudoprogression (Figure 4). This case
was considered to have no recurrence at the time of
analysis.

Discussion

In our cohort spanning over 20 years, the 10-year OS rates
were 91.5% and 78.8% for grades 2 and 3, respectively. In
the latest large-scale report, the French national prospective
cohort Prise en charge des OLigodendrogliomes
Anaplasiques (POLA), which aims to continuously collect
real clinical data, showed a 10-year OS rate of 72% for grade
3 following PCV/RT treatment.'® Also, joint final report of
RTOG9402 and EORTC 26951 showed 10-year OS rates of

Kaplan-Meier analyses for PFS, 0S, and DFS of the 46 patients diagnosed according to WHO classification. Red and blue lines indicate

the survival curves of grade 2 (n=24) and 3 (n=22) oligodendrogliomas are indicated with black and gray lines, respectively. PFA (left) was shown
to be unfavorable in patients with grade 3 tumors compared to patients with grade 2 tumors; however, the difference was not significant. Favorable
0S (center) and DFS (right) in patients with grade 3 as well as grade 2 tumors were observed. Abbreviations: DFS, deterioration-free survival; 0S,

overall survival; PFA, progression-free survival.
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Figure 2.
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Kaplan-Meier analyses for PFS, 0S, and DFS of the 46 patients according to chemotherapy regimen. Black and gray lines indicate the

survival curves of oligodendrogliomas treated with PAV (n=22) and ACNU (n=24), respectively. PFS and DFS (left and right) of PAV and ACNU
groups were observed to be almost identical. The 10-year overall survival rate for the PAV group was 82.3%, while all patients in the ACNU group
were alive atthe time of analysis (center). Abbreviations: ACNU, nimustine; DFS, deterioration-free survival; 0S, overall survival; PAV, procarbazine,

ACNU, and vincristine; PFA, progression-free survival.

Figure 3. FLAIRimages of anillustrative case with successfully chemotherapy-treated oligodendroglioma. A 49-year-old female patient underwent
subtotal removal of the right frontal oligodendroglioma, grade 3 under the monitoring of motor evoked potential. (A and B: preoperative and post-
operative images). PAV regimen was selected for postsurgical treatment and partial remission of the residual tumor beneath the primary motor
area was observed. (C: After two cycles of PAV). As the patient developed dermatitis and neuropathy, we switched the treatment regimen to ACNU
alone after two cycles of PAV. As complete remission of the residual tumor was achieved after five cycles of ACNU (D), chemotherapy was finalized.
Currently, seven years have passed since the surgery. The patient has not developed any neurological deficit and follow-up MRI show complete
remission (E). Abbreviations: ACNU, nimustine; FLAIR, fluid-attenuated inversion recovery; PAV, procarbazine, ACNU, and vincristine.

56% for grade 3." Considering that we deferred RT, our
results appear to be favorable (Table S2). The 10-year PFS
rates were 57.4% and 30.0% for grades 2 and 3, respectively.
Considering that the 10-year PFS rate in the PCV/RT group
of the POLA cohort was 67%, outcomes of our cohort cannot
be considered favorable (Table S2).This finding supports the
interpretation that early consolidation with RT is an appro-
priate treatment strategy to prevent early recurrence, par-
ticularly for grade 3 tumors. However, considering the
favorable OS results, we speculate that the survival benefit
of administering RT at an early stage is offset by adminis-
tering it at the time of recurrence or later, indicating the
presence of a crossover effect. This situation is similar to

that observed in phase 3 trials that evaluated the add-on
effect of bevacizumab in patients with primary glioblas-
toma.’®”® The finding that the 10-year DFS rates were
favorable also supports our speculation. Considering the
small difference in treatment outcomes including OS and
DFS, between grades 2 and 3, it can be concluded that
first-line treatment intensity stratification based on grade
was not essential. In other words, our results suggest that
if we chose a chemotherapy-first strategy, early recurrences
might be more common; however, most of these recurrent
lesions would be well controlled by subsequent secondary
treatment options, inhibiting further progression and avoid-
ing serious outcomes such as deterioration of the patient’s
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Figure 4.

FLAIR images of an illustrative case demonstrating chemotherapy-induced transient radiographic change mimicking tumor recurrence.

A 47-year-old female patient underwent awake surgery for left frontal oligodendroglioma, grade 3, and gross total removal of the tumor was achieved
(A and B: preoperative and postoperative images). ACNU regimen was selected for postsurgical treatment and six cycles of treatment were
completed; however, FLAIR hyperintense lesion developed around the resection cavity (C: After six cycles of ACNU). As the patient did not develop
any neurological deficit, we selected short-term follow-up of MRI with no additional treatment. Thereafter, the lesion gradually disappeared within
two years (D). Presently, follow-up MRI shows complete remission during seven years after surgery (E). Abbreviation: ACNU, nimustine; FLAIR,

fluid-attenuated inversion recovery; MRI, magnetic resonance imaging.

condition or early death. Secondary options include RT, sur-
gical resection, and chemotherapy rechallenge, as shown in
our cohort. We believe that our treatment strategy for defer-
ral radiation therapy for grade 3 tumors seems to be accept-
able; however, considering that secondary treatment is
necessary in more than half of the cases, it is important to
select an appropriate secondary treatment option according
to each situation.

Radiation therapy can affect cognitive function in the long
term. Considering that oligodendroglioma progresses over
decades, the decision to delay RT as long as possible is
reasonable. In our entire cohort, approximately half of the
patients remained recurrence-free for more than 10 years,
indicating that the benefits of avoiding RT are significant.
Traditionally, low-grade gliomas have been considered to
have low proliferative capacity and, therefore, low radiosen-
sitivity, leading to the widespread belief that RT should be
delayed until the tumor progresses to a more malignant
stage. Clinical trial results indicate that early RT only pro-
longs PFS without extending OS, further supporting this
approach for low-grade gliomas.? As a result, treatment
strategies aimed at avoiding early RT, whenever possible,
were widely adopted beginning in the 2000s. Owing to the
favorable long-term prognosis of oligodendrogliomas, the
risk of late complications associated with early RT should
be considered.?' Therefore, especially in cases classified as
low risk, there is a motivation to adopt a treatment strategy
that defers RT to a later stage. It has been analyzed that PCV
monotherapy does not lead to long-term cognitive decline
in patients,?? and that radiation necrosis occurs at a higher
rate in oligodendrogliomas.?® Considering these issues, the
rate of selecting a chemotherapy-first strategy for oligoden-
drogliomas is high in clinical practice, and its efficacy has
been demonstrated through retrospective analyses.®™
The PCV/RT versus PCV is currently being evaluated in the
ongoing POLCA trial.2 Considering the potential efficacy
of chemotherapy, it is essential to establish a treatment
strategy that adequately balances the tradeoff between
the prevention of early recurrence and late radiation-
related complications. Future analyses should incorporate

assessments of neurocognitive function to deepen our
understanding of DFS.

Prior to the establishment of the molecular classification,
it was difficult to clearly distinguish between astrocytomas
and oligodendrogliomas and to develop treatment strate-
gies accordingly. Therefore, the prevailing approach was to
treat oligodendrogliomas using treatment options similar
to those for astrocytomas. However, recent reports based
on molecular classification have suggested that small resid-
ual tumors after resection in oligodendrogliomas have a low
impact on outcomes,?*? leading to an era in which the
choice of surgery and subsequent multidisciplinary treat-
ment are considered independent of astrocytomas.?® In our
cohort, we observed cases in which the residual tumors
disappeared after chemotherapy, resulting in complete
remission. In oligodendrogliomas, we believe that the strat-
egy of first assessing the response to chemotherapy post-
operatively, even if residual tumors are present, is more
feasible than moving on to additional resection or early
radiation. In such cases, as we have also noted, chemother-
apy alone may follow a course equivalent to pseudopro-
gression?” so careful judgment should be made regarding
recurrence when radiographic changes occur.

Switching from PAV to ACNU monotherapy resulted in
favorable outcomes. In Europe and the United States, che-
motherapy regimens for oligodendrogliomas have fluctu-
ated over time. Two phase 3 trials published in 2013
demonstrated that a multimodal treatment regimen com-
bining RT with PCV achieved high levels of efficacy for oli-
godendroglioma.’? However, at the time of their initial
interim reports in the 2000s, neither trial demonstrated an
additional benefit of PCV,%%% |leading to temporary skepti-
cism about its efficacy and a shift to TMZ, which became
available around the same time. The TMZ was originally
approved for glioblastoma under the Stupp regimen®’; how-
ever, since it is an oral medication with mild adverse effects,
if assuming equivalent efficacy, it is quite natural to choose
TMZ over PCV.*' The rate of TMZ use in clinical practice has
remained high, since 2013.°2 However, clinical trials evalu-
ating the efficacy of TMZ in low-grade gliomas have not yet



been completed and their final reports have not yet been
published.Therefore, the lack of evidence regarding the ben-
efits of TMZ remains an unresolved issue. The CODEL trial
is currently comparing PCV/RT and TMZ/RT, but the results
are not expected to be announced for some time.* In oligo-
dendrogliomas, analysis results have indicated that TMZ
monotherapy achieves treatment efficacy equivalent to that
of RT alone.** However, a large retrospective study reported
that TMZ was less effective than PCV.*® Additionally, an
interim analysis of the CODEL trial reported early deaths in
theTMZ group,*® and recent studies have accumulated neg-
ative evidence regarding TMZ.* The latest report from the
POLA cohort also showed that PCV/RT as first-line therapy
was associated with better OS thanTMZ/RT."® Concerns have
been raised thatTMZ may induce a hypermutant phenotype,
a condition prone to poor outcomes such as dissemination,
over the long term.®” However, PCV itself is associated with
a high incidence of adverse events and low completion
rates; therefore, there may be situations in which selecting
TMZ and aiming for completion would be more beneficial.
The ASCO-SNO guidelines also list TMZ as a reasonable
alternative therapy for patients who cannot tolerate PCV,
however, there is no significant evidence supporting the use
of TMZ as first-line therapy in this setting.*® Grade 3 or higher
toxicity with TMZ was approximately 15% in the CATNON
study.®® In POLA cohort, 36% of patients were unable to con-
tinue the 6 cycles of PCV regimen, and the group stated that
TMZ may be a safer regimen, despite its inferior efficacy.®
Considering patient conditions and other factors, it may be
practical to evaluate the regimen to be selected. In this con-
text, the equivalent outcome of the ACNU monotherapy to
PAV, as shown here, provides important insights.

The ACNU was used as an alternative to CCNU because
CCNU has not yet been approved in Japan.The ACNU has
been reported to have higher efficacy than other alkylating
agents’ and is considered to have efficacy that is at least
equivalent to that of CCNU. In Japan, the PAV regimen has
been widely used as a domestic alternative to PCV for a long
time. We previously reported favorable results for PAV ther-
apy in oligodendrogliomas,™ and similar reports have been
published by other institutions in Japan.* We switched to
ACNU monotherapy after 2015, considering concerns about
peripheral neuropathy caused by the neurotoxicity of vin-
cristine and reports indicating that ACNU plus procarbazine
(PA) and ACNU alone had equivalent therapeutic effects.”'
We showed that the completion rate of chemotherapy
increased after the switch, and treatment outcomes were
maintained. Therefore, in situations where TMZ is tradition-
ally selected, ACNU may emerge as a treatment option,
offering a more favorable risk-benefit profile.

Although chemotherapy-based approaches seem prom-
ising, future treatment strategies may undergo a paradigm
shift owing to the development of IDH inhibitors. The first
IDH inhibitor to receive approval demonstrated efficacy in
the INDIGO trial42; however, there is concern regarding the
extent to which long-term administration of IDH inhibitors
that require prolonged use is beneficial for patients with a
favorable long-term prognosis.® In this context, future
developments will be closely monitored to determine the
positioning of our approach, especially for grade 2 tumors.

The limitations of our study include a single-center
retrospective design, small number of cases, and short
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observation period of the ACNU monotherapy group. The
heterogeneity of clinical variables, including tumor grade
(WHO grade 2 vs 3), surgical approach (biopsy vs resection),
and adjuvant treatment (PAV vs ACNU), limits the statistical
power and interpretability of the results. Furthermore, the
impact of CDKN2A loss, which has become a popular topic
in recent years, was not evaluated due to the small number
of relevant cases, as described in our previous report.*
There is no detailed data presented that enables us to dis-
cuss toxicity in the overall study cohort.The classification of
various clinically possible events, such as radiation necrosis
or vincristine-induced neuropathy, as deterioration within
the concept of DFS used in this study remains controversial.
The most significant limitation is the lack of theoretical back-
ground regarding the long-term use of an unestablished
treatment strategy, rather than radiation plus chemotherapy.
Fundamentally, when favorable results from phase 3 clinical
trials emerged in 2013, Japan should have promptly
approved CCNU to create an environment enabling PCV/RT
introduction. This would have enabled the benefits of treat-
ment aligned with worldwide consensus and might provide
insights from comparative clinical evaluations between
ACNU and CCNU. Japan is expected to mature its healthcare
system to swiftly adopt newly developed, globally standard
treatments.

In conclusion, our chemotherapy-first approach for oligo-
dendroglioma achieved a long-term OS equivalent to or
better than that reported in phase 3 clinical trials of PCV/RT.
In addition, we switched to a treatment regimen using ACNU
alone, and the outcomes remained stable. Nonetheless, it
is worth noting that delaying radiotherapy in grade 3 cases
should be interpreted with caution, as current evidence sup-
ports early radiotherapy in combination with chemotherapy,
and modern techniques have significantly reduced long-term
toxicity. Oligodendroglioma is a tumor with a long clinical
course; therefore, it is important to continue long-term
follow-up of its clinical course at our facility, which remains
a future challenge.
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