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Abstract

Purpose To assess the feasibility, safety, and clinical outcomes of salvage reirradiation, using intensity-modulated radio-
therapy (IMRT) with a total dose of 30 Gy and cumulative equivalent dose in 2 Gy fractions (EQD2) limited to <96 Gy in
patients with recurrent high-grade gliomas.

Materials and methods This retrospective study included 24 patients with recurrent high-grade gliomas who underwent
IMRT-based reirradiation between 2014 and 2021. Treatment planning was performed using computed tomography-mag-
netic resonance imaging fusion images, and radiotherapy was delivered via IMRT or volumetric-modulated arc therapy. No
concurrent chemotherapy was administered, and the cumulative EQD?2 to the brain was restricted to 96 Gy.

Results The median follow-up was 8 months (range, 1-31 months). The median overall survival was 8 months, with 1- and
2-year overall survival rates of 29% and 4%, respectively. No grade >2 toxicity or cases of radiation necrosis were observed.
All patients completed the planned treatment course without interruption.

Conclusion Salvage reirradiation using IMRT with an EQD?2 limited to <96 Gy was a feasible and well-tolerated treatment
strategy for select patients with recurrent high-grade gliomas. This approach may offer a modest survival benefit with mini-

mal toxicity and warrants further investigation in prospective trials.

Keywords High-grade gliomas - Glioblastoma - Radiotherapy - Recurrent - IMRT

Introduction

High-grade gliomas (HGGs), particularly glioblastoma
(GBM), are the most common and aggressive primary brain
malignancies in adults. GBM is characterized by a nearly
universal recurrence rate, despite standard treatment such
as maximal surgical resection followed by chemoradiother-
apy with temozolomide [1, 2]. Recurrence typically occurs
within the previously irradiated field, reflecting the tumor’s
infiltrative growth pattern and resistance to conventional
therapies [3]. Given the limited efficacy of salvage surgery
and chemotherapy in the recurrent setting, salvage radio-
therapy (i.e., reirradiation) has gained increasing attention
as a strategy to improve local control and prolong survival.
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Advances in radiotherapy techniques, such as intensity-
modulated radiotherapy (IMRT) and volumetric-modulated
arc therapy (VMAT), have enabled highly conformal dose
delivery while minimizing exposure to surrounding normal
tissue, thereby making reirradiation a more feasible and
safer option [4, 5]. Reirradiation is consequently emerging
as a promising component of multimodal salvage therapy
for recurrent malignant gliomas.

Growing evidence supports the efficacy and safety of sal-
vage radiotherapy in patients with recurrent GBM; however,
several essential uncertainties remain. The optimal total
dose, fractionation schedule, and target volume delineation
for reirradiation remain under debate, partly owing to sub-
stantial heterogeneity among published studies in treatment
protocols and patient selection criteria [6, 7]. Hypofraction-
ated stereotactic radiotherapy has demonstrated acceptable
local control and survival benefits with limited toxicity in
selected patients [8, 9]; however, most data are derived
from retrospective series or small prospective trials. More-
over, emerging data suggest that extended radiation fields
and high cumulative doses may exacerbate lymphopenia,
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potentially reducing the effectiveness of immunotherapies
[2]. Therefore, there is an urgent need to refine reirradia-
tion strategies that balance local tumor control with immune
preservation and toxicity minimization.

In response to these clinical needs, in the present study,
we retrospectively evaluated the safety and efficacy of sal-
vage reirradiation using IMRT for patients with recurrent
HGGs. In particular, treatment outcomes, toxicity profiles,
and overall survival were reported after a standardized pro-
tocol of 30 Gy in 10 fractions, with cumulative equivalent
dose in 2 Gy fractions (EQD?2) restricted to<96 Gy to miti-
gate the risk of radiation necrosis. Through this institutional
experience, we aim to contribute to the development of
optimized, safe reirradiation strategies for this challenging
patient population.

Materials and methods
Patients

This retrospective study included 24 patients with recurrent
HGGs who underwent salvage radiotherapy at our institu-
tion between April 2014 and December 2021. The eligibility
criteria included a histopathological diagnosis of glioblas-
toma, anaplastic astrocytoma, anaplastic oligodendrogli-
oma, or anaplastic oligoastrocytoma, based on the 2007
or 2016 World Health Organization classification. Patients
were excluded if the interval between the initial radiother-
apy and reirradiation was<6 months or if they declined
salvage treatment. All patients had previously received
standard initial therapy comprising surgery and radiother-
apy with or without temozolomide chemotherapy. Tumor
recurrence was confirmed via magnetic resonance imaging
(MR]) in conjunction with clinical deterioration. A multi-
disciplinary tumor board decided to proceed with reirradia-
tion. Clinical data, which included age, performance status,
histological subtype at recurrence, and previous treatments,
were retrospectively collected from electronic medical
records. The study design was approved by our institution’s
Ethics Review Board (protocol number: 2023-0179), and
informed consent was obtained from all participants for this
treatment.

Radiotherapy

All patients received salvage radiotherapy using VMAT,
an arc-based implementation of IMRT, delivered via linear
accelerator-based systems. For simplicity, these treatments
were collectively referred to as IMRT in this study. Treat-
ment planning was based on non-contrast-enhanced com-
puted tomography (CT) images, which were co-registered
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with contrast-enhanced MRI to enhance target delineation
accuracy. Patients were immobilized using a thermoplastic
mask, and image-guided radiotherapy with daily cone-beam
CT was performed to ensure accurate treatment delivery.
The gross tumor volume (GTV) was defined as a contrast-
enhancing recurrent lesion on MRI. A planning target
volume (PTV) was generated by expanding the GTV by
2-5 mm, depending on anatomical considerations. A total
dose of 30 Gy was delivered in 10 daily fractions of 3 Gy
over 2 weeks. The cumulative biological dose, incorporat-
ing both initial and salvage radiotherapy, was calculated
as the EQD2 using the linear-quadratic model with an o/
ratio of 10. The cumulative EQD?2 to the brain was limited
to<96 Gy to minimize the risk of radiation necrosis. No
concurrent chemotherapy was administered during the sal-
vage radiotherapy course. A representative dose distribution
for IMRT-based salvage reirradiation is shown in Fig. 1.

Follow-up and outcome measures

Patients were monitored regularly via clinical examinations
and brain MRI scans. The median follow-up was 8 months
(range, 1-31 months). The primary endpoint was over-
all survival (OS), defined as the interval from the start of
salvage radiotherapy to the date of death from any cause
or the last follow-up visit. Toxicity was assessed using the
Common Terminology Criteria for Adverse Events, version
5.0 (National Cancer Institute, Bethesda, MD, USA; 2017).
Radiographic responses and potential radiation-induced
changes, including necrosis, were evaluated on follow-
up MRI by experienced neuro-oncologists and radiation
oncologists. In patients in whom new or enlarged contrast-
enhancing lesions were observed after treatment, clinical
correlation and serial imaging were used to distinguish
actual progression from treatment-related changes.

Statistical analysis

Statistical analyses were performed using Microsoft Excel
for Mac, version 16.26 (Microsoft Corporation, Redmond,
WA, USA). OS was estimated using the Kaplan—-Meier
method, and the 1- and 2-year OS rates were calculated.
Given the retrospective nature and limited sample size of
this study, only descriptive statistics were reported, and no
formal hypothesis testing was conducted. Categorical vari-
ables were summarized as frequencies and percentages,
and continuous variables were presented as the median and
range. A p-value<0.05 indicated a statistical significance.
Multivariate analysis was performed using the Cox propor-
tional hazards regression model in an exploratory manner to
identify potential prognostic factors, recognizing the limited
statistical power owing to the small sample size.
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Fig. 1 Representative dose distribu-
tion of salvage reirradiation using
intensity-modulated radiotherapy.
The axial plane illustrates the plan-
ning target volume (PTV) in red
and the 95% isodose line in yellow.
The dose distribution shows high
conformality and appropriate spar-
ing of surrounding normal brain
tissue

Results
Patients’ characteristics

Twenty-four patients with recurrent HGGs were included
in the analysis. Table 1 presents the characteristics of all the
patients and their tumors. The median age at reirradiation
was 49 years (range, 22—70 years), and 13 (54%) patients
were male. The Karnofsky Performance Status score at the
time of recurrence was>80 in 11 (46%) patients, 60—70
in 12 (50%) patients, and 30 in 1 (4%) patient. Histologi-
cal diagnoses at recurrence included glioblastoma in 10
(42%) patients, secondary glioblastoma in 3 (13%) patients,
anaplastic astrocytoma in 8 (33%) patients, anaplastic oli-
goastrocytoma in 1 (4%) patient, and anaplastic oligoden-
droglioma in 2 (8%) patients.

All patients had previously received radiotherapy, with
a dose of 60 Gy administered to 22 (92%) patients. The
median interval between the initial radiotherapy and reirra-
diation was 17 months (range, 5-118 months). With regard
to the recurrence pattern, 17 (71%) patients experienced
in-field recurrences, 2 (8%) patients had marginal recur-
rences, and 5 (21%) patients had out-of-field recurrences. At
the time of reirradiation, 21 (88%) patients did not receive
concurrent chemotherapy, whereas 2 (8%) patients received
temozolomide and 1 patient (4%) received bevacizumab.

Survival outcomes

The median follow-up duration after salvage radiotherapy
was 8 months (range, 1-31 months). The median OS from
the start of reirradiation was 8 months. The 1- and 2-year
OS rates were 29% and 4%, respectively. The Kaplan—
Meier survival curve is shown in Fig. 2.

Multivariate Cox regression analysis identified glioblas-
toma histology as an independent predictor of a poorer OS
(hazard ratio [HR], 2.41; 95% confidence interval [CI],
1.17-5.18; P=0.02), after adjusting for age, isocitrate dehy-
drogenase (IDH) mutation status, extent of resection, and
concurrent temozolomide use (Table 2). Consistent with
this finding, the survival curves showed that patients with
glioblastoma had notably poorer outcomes than those with
anaplastic astrocytoma and other histologies.

Toxicity

No grade>2 acute or late toxicity was observed during or
after salvage radiotherapy. All patients completed the pre-
scribed 30 Gy in 10 fractions without treatment interrup-
tion. Follow-up MRI revealed no cases of radiographically
or clinically confirmed radiation necrosis.
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Table 1 Baseline characteristics of patients with recurrent high-grade
gliomas

Overall cohort

(n=24)
Median age at recurrence (min/max), [y] 49 22/70
Median time from first RT to reirradiaion (min/ 17 5/118
max), [m]
n %

Gender

Male 13 54
Female 11 46
KPS at recurrence

80-100 11 46
60-70 12 50
30-50(30) 1 4
Histology at recurrence

Recurrent glioblastoma 10 42
Secondary glioblastoma 3 13
Recurrent astrocytoma grade 3 8 33
Recurrent oligoastrocytoma grade 3 1 4
Recurrent oligodendroglioma grade 3 2 8
First Radiation

60 Gy 22 92
50 Gy 2 8
Recurrence pattern

In-field 17 71
Marginal 2 8
Out-field 5 21
Chemotherapy at recurrence

Temozolomide 2 8
Bevacizumab 1

None 21 88

Demographic and clinical features at the time of salvage reirradiation
include age, performance status, histologic subtype, recurrence pat-
tern, interval since initial radiation, and concurrent therapies
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Fig. 2 Kaplan—Meier curve for overall survival after salvage IMRT.
The median overall survival was 8 months. The 1- and 2-year over-
all survival rates were 29% and 4%, respectively. Censoring events
are indicated using tick marks on the survival curves. /MRT intensity-
modulated radiotherapy
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Table 2 Multivariate Cox regression analysis for overall survival

Variable HR 96% CI p-value
Age (per year) 1.03 0.99-1.07 0.11
Male (vs Female) 1.25 0.72-2.14 0.42
GBM (vs AA) 2.41 1.17-5.18 0.02
IDH mutation (+vs —) 0.58 0.31-1.09 0.09
RT to reirradiation 0.98 0.92-1.04 0.29
TMZ use 1.12 0.61-2.04 0.72

Bold values indicate statistical significance (p 0.05)

Hazard ratios (HRs), 95% confidence intervals (Cls), and p-values for
variables, which include age, IDH mutation status, extent of resec-
tion, concurrent temozolomide use, and GBM histology

GBM glioblastoma, /DH isocitrate dehydrogenase, RT radiotherapy,
TMZ temozolomide

Discussion

In this retrospective study, we demonstrated the feasibility
and safety of salvage radiotherapy using IMRT with a total
dose of 30 Gy in 10 fractions for patients with recurrent
HGGs. The median OS was 8 months, with 1- and 2-year
OS rates of 29% and 4%, respectively. An important finding
was that no grade>2 toxicity or cases of radiation necro-
sis were observed, suggesting that our protocol—which
employed tight PTV margins and a cumulative EQD2 con-
straint 0f<96 Gy—was well-tolerated. In our protocol, the
cumulative EQD2 was limited to<96 Gy, calculated using
an o/ ratio of 10. Late toxicities such as radiation necro-
sis are more appropriately evaluated with an o/f ratio of
2; therefore, this threshold corresponds to approximately
97.5 Gy EQD2(a/B=2). This cumulative dose level remains
within the tolerance ranges reported in previous studies,
supporting the safety of our reirradiation strategy [5].

These findings support the potential role of IMRT-based
reirradiation as a salvage treatment in appropriately selected
patients.

Our results are also consistent with those of prior series
on reirradiation for recurrent HGGs. Several studies have
shown the feasibility of hypofractionated stereotactic regi-
mens [8, 9], while other retrospective cohorts and reviews
have reported similar survival outcomes [4, 6, 7]. Fur-
thermore, emerging concepts such as immune-preserving
strategies in radiotherapy planning for GBM [5] highlight
the importance of balancing efficacy and safety, and our
approach may provide a framework for such integration.
The favorable toxicity profile observed in our cohort may be
attributed to meticulous treatment planning, including the
use of CT-MRI fusion imaging for accurate target delinea-
tion, and the application of small PTV margins (2—5 mm)
to reduce unnecessary dose to the surrounding brain tissue.
Previous studies have shown that cumulative doses exceed-
ing 100 Gy EQD?2 are associated with increased risks of
necrosis and neurologic toxicity, particularly in the setting
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of overlapping radiation fields [5]. By contrast, our protocol
maintained conformity and spared the adjacent normal tis-
sue, which was consistent with emerging evidence support-
ing the safety of hypofractionated reirradiation under strict
dose constraints [4].

The survival outcomes in our cohort were consistent
with those of previous reports on salvage radiotherapy for
recurrent HGGs, in which the median OS typically ranges
5—-12 months [6, 8]. Notably, most (88%) of our patients did
not receive concurrent chemotherapy during reirradiation
but did achieve comparable outcomes. This finding sug-
gested that radiotherapy alone may contribute meaningfully
to disease control and symptom palliation, particularly in
patients with preserved performance status. Furthermore,
multivariate analysis revealed that GBM histology was
independently associated with poorer survival, underscor-
ing the prognostic impact of tumor biology on treatment
outcomes. However, given the limited sample size, this mul-
tivariate Cox regression should be regarded as exploratory
and interpreted with caution.

IMRT-based reirradiation may serve as a valuable com-
ponent of multidisciplinary care, particularly for patients
who are ineligible for repeat surgery or further systemic
therapy because of previous toxicity or poor tolerance. As
systemic options such as immunotherapy gain relevance
in neuro-oncology, the ability to deliver localized radia-
tion with minimal lymphotoxicity assumes increasing
importance. Previous studies [2] have shown that extensive
radiation volumes and high cumulative doses can exacer-
bate lymphopenia, thereby potentially impairing immune
responses. The dosimetric strategy adopted in this study
may provide a valuable model for future integration with
immunomodulatory therapies.

This study had several limitations. Its retrospective design
and small sample size limit the generalizability of the results.
In addition, the small sample size limited the ability to perform
fully adjusted multivariate analyses, and some clinically rel-
evant covariates could not be adequately controlled for. The
absence of molecular biomarker data, such as O6-methylgua-
nine-DNA methyltransferase promoter methylation or IDH
mutation status, precluded the analysis of their prognostic or
predictive value. Given the well-established prognostic signifi-
cance of these biomarkers in gliomas, their absence represents
a major limitation of this study. Moreover, toxicity assessment
in this study was limited to clinical adverse events graded using
the Common Terminology Criteria for Adverse Events. Neu-
rocognitive function and quality-of-life outcomes were not
evaluated, which limits the comprehensiveness of our toxic-
ity profile. Additionally, the assessment of local control was
unfeasible because of heterogeneity in post-treatment imag-
ing and the inherent challenges in distinguishing tumor pro-
gression from treatment-related changes. Further prospective

studies incorporating molecular profiling and standardized
imaging criteria are warranted to refine patient selection and
optimize salvage radiotherapy protocols.

Conclusion

Salvage reirradiation with our protocol was feasible and safe,
with outcomes comparable to those of prior studies. These
results support its potential role as a treatment option for care-
fully selected patients with recurrent HGGs. However, given
the retrospective design and small sample size, our findings
should be interpreted with caution. Prospective biomarker-
integrated trials and investigations of combination strategies
with systemic or immunotherapies are warranted to further
define the role of reirradiation in this setting.
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