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Simple Summary: Hypofractionated radiation therapy (Hypo-RT) schedules may have
radiobiological, patient convenience, and healthcare resource advantages over standard fractionated
radiation therapy (S-RT) in glioblastoma (GBM). Furthermore, simulated integrated boost (SIB)
Hypo-RT is an effective and safe treatment. Considering the high incidence of local recurrence in
GBM, generally within 1.5-2 cm from the original edges of the tumors, and the death of patients due
to the recurrence, the goal of the treatment approach should be the improvement of local control.
Several hypo-RT studies in high-grade gliomas have reported good results in terms of efficacy and
toxicity, using a biologically effective dose (BED) similar to standard RT. Based on this background,
the present retrospective analysis aimed to compare the toxicity profile and outcome in patients
affected by GBM treated with hypo-RT versus standard RT plus concomitant/adjuvant TMZ

Abstract: Background/Objectives: Hypofractionated radiation therapy (Hypo-RT) schedules may
offer radiobiological, patient convenience, and healthcare resource advantages over standard
fractionated radiation therapy (5-RT) for glioblastoma (GBM). Additionally, simulated integrated
boost (SIB) Hypo-RT is proven to be an effective and safe treatment. We report on our experience
regarding progression-free survival (PES), overall survival (OS), and RT-related toxicities in GBM
patients treated with Hypo-RT and S-RT. Methods: Patients with IDH-wildtype GBM received either
Hypo-RT (40.05-52.5 Gy/15 fractions) or S-RT (60-70 Gy/30 fractions). Volumetric modulated arc
therapy was performed for all patients. Concomitant temozolomide (75 mg/m?/day) and adjuvant
chemotherapy (TMZ 150-200 mg/m? for 5 days every 28 days) were administered. OS and PFS were
estimated using the Kaplan-Meier method. Results: Ninety-five patients were treated (Hypo-RT: 52,
S-RT: 43). With a median follow-up of 25 months (range 9-63), the median age was 65 and 54 years
for the Hypo-RT and S-RT groups, respectively. All patients tolerated the treatment well; no
significant adverse effects were observed in either group. No acute or late neurological side effects of
grade > 2 were reported during RT. Grade 3-4 hematologic toxicity occurred in five cases, all of which
interrupted concomitant TMZ (all occurring in the S-RT arm). The time to progression for the S-RT
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and Hypo-RT groups was 13.7 and 11.1 months, respectively (p=0.243). Regarding OS, the S-RT group
had a median OS of 28.8 months compared to 17.5 months in the Hypo-RT group (p=0.007).
Conclusions: Although further investigations are ongoing, a statistically significant difference exists
in OS between Hypo-RT and S-RT. Hypo-RT could potentially become the standard of care not only
for elderly patients but also for those with poor prognosis. Additional investigation with more data
is necessary in this context to determine the best standard approach.

Keywords: radiotherapy; glioblastoma; hypofractionated; normofractionated

1. Introduction

Glioblastoma (GBM) is the most significative malignant primitive brain tumor of the central
nervous system, with a percentage around 50% and a poor prognosis with a 5-year overall survival
(OS) of about 6.8% [1,2].

The new WHO classification of 2021 introduced significant changes regarding the molecular
profile, with the inclusion of differentiations for the “new” GBM entities (only IDH/IDH3 wild type)
[3]. The standard treatment for patients with a confirmed diagnosis of GBM involved radical surgery
and, subsequently, conventional radiation therapy (RT) up to a dose of 60 Gy, along with concomitant
and adjuvant chemotherapy using Temozolomide [4]. In the study by Stupp, mature data showed
that with a longer follow-up of 45.9 months, the 2-, 3-, and 4-year overall survival (OS) rates were
11.2%, 4.3%, and 3.8% in the RT alone group versus 27.3%, 16.7%, and 12.9% in the RT plus TMZ
group [5].

Recently, in older individuals or those with a poor prognosis (= 60-65 years), hypofractionated
radiotherapy (Hypo-RT) combined with TMZ is the post-operative treatment that should be
considered [6-8].

Malmstrom et al. [6] published a randomized Phase III trial in 2012 with three comparison arms:
TMZ alone versus standard RT (60Gy in 30 fractions) versus hypo-RT (34Gy in 10 fractions) for
patients older than 60. Another Phase III trial by Roa et al. compared two different Hypo-RT
schedules (40Gy in 15 fractions and 25Gy in 5 fractions) without concurrent TMZ in patients over 65
years [8]. The authors concluded that hypo-RT should be considered a standard treatment option for
elderly patients aged 65 to 70 years. However, the total dose used in these latter Phase III trials was
lower than that of the Stupp protocol.

Given the high rates of local recurrence in GBM, typically occurring within 1.5-2 cm from the
original tumor edges, along with the fatalities caused by this recurrence, the treatment approach
should aim to enhance local control [9-11].

To enhance local control, postoperative RT modalities (including intensity-modulated
radiotherapy with more precise target coverage that spares surrounding healthy tissue), total dosage,
and new fractionation schedules have been assessed for these patients. Several hypo-RT studies in
high-grade gliomas have shown promising results concerning efficacy and toxicity, utilizing a
biologically effective dose (BED) comparable to standard RT [12-17].

Given this background, the current retrospective analysis aimed to compare the toxicity profile
and outcomes in patients affected by GBM treated with hypo-RT versus standard RT plus
concomitant/adjuvant TMZ.

2. Materials and Methods
2.1. Patients

Inclusion criteria included individuals newly diagnosed with histologically confirmed GBM,
aged over 18 years, with a Karnofsky performance scale (KPS) greater than 50, and possessing
adequate bone marrow, renal, and liver function. All patients underwent debulking surgery. For
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cases of unresectable tumors, a biopsy was conducted for diagnosis. The study defined subtotal
resection as the removal of less than 100% but more than 50% of the tumor. Patients who met any of
the following criteria were excluded from the study: prior brain radiotherapy, brainstem tumors, age
under 18 years, and KPS below 50. Each patient signed a specific consent form that was approved by
the Institutional Review Board. All procedures were conducted in accordance with the Helsinki
Declaration of 1975. Besides advanced age, several factors can contribute to poor prognosis in patients
with brain tumors. These factors include low Karnofsky Performance Status (KPS), high Recursive
Partitioning Analysis (RPA) class, neurological symptoms resulting from surgical interventions or
mass effect, high tumor burden, unresectable or multifocal lesions, significant comorbidity, and
potential low treatment compliance due to the rapidly progressive nature of the disease. The study’s
endpoints were the evaluation of progression-free survival (PES), overall survival (OS), and acute
and late toxicity.

2.2. Radiotherapy

According to previous reports, patients must lie supine during treatment [17,18]. It was essential
to align their post-surgery MRI scans with the treatment plan precisely. Various organs at risk (OARs)
were identified and assessed. The gross tumor volume (GTV) was determined using T1-weighted
MRI scans with gadolinium contrast. The GTV included the surgical cavity along with any residual
contrast-enhanced lesion, or the entire lesion if a biopsy was the only procedure performed. The
clinical target volume (CTV1) for the Simultaneous Integrated Boost (SIB) was defined as the GTV
without margins or plus 1-3 mm. Meanwhile, the clinical target volume for the lower-dose volume
(CTV2) was determined by adding a 10-15 mm margin to the CTV1 while respecting the anatomical
barriers and OARs. To establish PTV1 and PTV2, a CTV expansion of 2-3 mm was applied. The total
radiation dose was determined based on various factors such as the patient’s age, residual disease
presence, and whether they were regarded as having a poor prognosis. For patients not expected to
have a poor prognosis, a dose of 60 Gy was administered over 30 fractions (standard S-RT), with the
option of a boost up to 70 Gy for residual disease. Conversely, for patients deemed to have a poor
prognosis, a dose of 40.05 Gy was administered over 15 fractions, with the option of a boost up to
52.5 Gy (hypo-RT). The prescribed dose of 52.5 Gy in 3 weeks corresponds to a biological effective
dose (BED) similar to standard RT. The BED10 values for the prescribed dose and standard RT were
70.88 Gy and 72 Gy, respectively [12,14,17]. Flattening filter-free (FFF) and volumetric modulated arc
therapy (VMAT) plans were created using TrueBeam™ (Varian Medical Systems) with two or more
partial arcs, either coplanar or non-coplanar. All treatment plans were optimized for PTV, ensuring
that over 98% of the PTV received at least 95% of the prescribed dose.

2.3. Chemotherapy

Patients received concomitant TMZ at a daily dose of 75 mg per square meter of body surface
area for 21 consecutive days, seven days a week, starting on Day 1 and continuing until the last day
of RT. Blood counts were monitored weekly throughout the treatment. Additionally, patients were
administered 2-4 mg/day of dexamethasone along with a proton pump inhibitor during RT, while
antiepileptic and antiemetic medications were provided as needed. Patients underwent 6-12 cycles
of adjuvant TMZ (150-200 mg/m?/day, five days every 28 days), beginning four weeks after
completing RT or until disease progression [4,5,17].

2.4. Follow-Up

After radiation therapy, clinical evaluations and MRI were conducted within 45 to 60 days. For
the first two years, additional evaluations occurred every 2 to 3 months or as needed. During each
visit, the patient’s neurological status and the severity of any complications were assessed according
to the National Cancer Institute Common Toxicity Criteria (NCI-CTC Version 4). In the absence of
disease progression, adverse neurological events were deemed a consequence of the treatment. The
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RANO response criteria were applied to evaluate the disease status [19]. The assessment included
both acute and late toxicity, as well as PES and OS, as outcome variables. The categorical variables of
acute and late toxicity were defined according to the NCI-CTC scale. Using a binary classification,
the study noted whether or not radio-necrosis was present.

2.5. Statistical Analysis

The PFS was calculated from the date of surgery to the last follow-up date or the time of
progression. Similarly, OS was measured from the surgery date to the last follow-up date or death
from any cause. The Kaplan-Meier method was utilized to assess PFS and OS. A log-rank test was
performed to compare various subgroups in univariate analysis. Multivariate analysis was carried
out using the Cox regression model to identify independent prognostic factors. A two-sided p-value
of 0.05 or less was deemed statistically significant. The following prognostic factors were analyzed:
sex, age (<65 vs. 265), type of surgery (surgery vs. biopsy), resection (complete vs. incomplete), the
interval between surgery and RT (> or <55 days), protocol RT (S-RT vs. Hypo-RT), adjuvant TMZ (>
or < 6 cycles), and O6-methylguanine-DNA-methyltransferase (MGMT) promoter methylation status
(methylated vs. not methylated). Data management and statistical analysis were performed using the
open-source R platform (version 3.5.2).

3. Results
3.1. patients

From October 2019 to January 2024, 95 GBM patients were treated, including 43 with the
standard approach (30 fractions) and 52 with hypo-RT (15 fractions). Table 1 presents the clinical
characteristics of the study population. The median age was 62 years (range 24-82). A complete
resection was performed in 28 patients (29.5%), significantly more in the standard RT arm (p 0.01).
Biopsy alone was conducted in 6 of 43 cases (14%) in the standard RT arm, while 19 of 52 patients
(37%) in the hypo-RT arm underwent the same. The median time from the surgical procedure to RT
was 54 days (range 41-75), with no statistical difference between the two arms (p=0.19). Compliance
with RT plus TMZ was 100%, although five patients discontinued TMZ due to platelet counts below
50,000; all patients were in the S-RT arm. At the 25-month median follow-up, 49 patients (51.6%) were
alive, and 68 (71.6%) experienced disease progression. The median OS was 25 months (95% CI 9.8—
na), with a 1-year OS of 85% (95% CI 31-73%); the median PFS was 12 months (95% CI 5.8-11.9). As
for toxicity, no acute or late neurological side effects greater than Grade 2 were reported. Grade 34
hematologic toxicity occurred in 5 cases during RT, but only TMZ was interrupted. Adjuvant TMZ
was given to all patients (median six cycles, range 4-17).

Of the 68 cases of disease progression, 39 (41%) underwent re-irradiation followed by second-
line systemic therapy (regorafenib or fotemustine). Six patients received second-line chemotherapy
alone, while the remaining patients were assessed for best supportive care. The most commonly
chosen chemotherapy was regorafenib [20,21], which was also administered alongside re-irradiation.

Table 1. Patients’ characteristics of both arms.

Table 1 S-RT Hypo-RT P value
Number of patients
43 52
Gender
Male 24 (56%) 35 (67%) 0.95
Female 19 (44%) 17 (33%) ’
Age
Median (IQR) [years] 54 (24-74) 65 (37-82)
<60 [years] 28 (65%) 13 (25%) <0.001

60-65 [years] 9 (21%) 14 (25%)

d0i:10.20944/preprints202502.0397.v1
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> 65 [years] 6 (14%) 25 (50%)
MGMT methylation
Methylated 12 (28%) 11 (21%)
Unmethylated 7 (16%) 5 (10%) 0.37
Not Available 24 (56%) 36 (69%)
Surgery at diagnosis
Complete 18 (42%) 10 (19%)
Incomplete 19 (44%) 23 (44%) 0.01
Unresectable (Biopsy) 6 (14%) 19 (37%)

Median time between surgery and adjuvant therapy
Median (IQR) [days] 55 (46-75) 53 (41-64) 0.192
Adjuvant RT (total dose)
60 Gy in 30 fractions 31 (72%) -
>60 Gy in 30 fractions 12 (28%) -

40.5 Gy in 15 fractions - 17 (33%) <0.001
>40.5 G}I in 15 ) 35 (67%)
fractions
Adjuvant TMZ (cycles)
Median (IQR) 6 (5-17) 6 (4-14) 0.108
Reirradiation
Yes 21 (49%) 18 (35%) 0.167
Not 22 (51%) 34 (65%)
Second line systemic therapy
Yes 24 (56%) 21 (40%)
Not 10 (23%) 15 (29%) 0.312
Not Available 9 (21%) 16 (31%)
Type of second line systemic therapy
Regorafenib 11 (48%) 10 (48%)
Fotemustine 3 (12%) 2 (10%) 0.365
Bevacizumab 4 (15%) 1 (5%)
Not Available 6 (25%) 8 (37%)
Follow-up
Median (range)

[months] 25 (18-36) 31 (22-43) 0.107

3.2. Prognostic Factors for OS and PFS

The univariate and multivariate prognostic factors influencing overall survival (OS) for the
entire population are presented in Table 2. Consequently, younger age (HR: 2.06; CI 1.05-4.03, p =
0.03), adjuvant TMZ of fewer than six cycles (HR: 0.35; C1 0.18-0.65; p=0.001), and a time from surgery
to RT of less than 55 days (HR: 0.27; C10.13-0.46; p = 0.0003) emerged as significant adverse prognostic
factors for survival. S-RT and MGMT methylation positively impacted univariate analysis (p = 0.004).
Evaluating PFS, adjuvant TMZ of fewer than six cycles (p = 0.0005; p = 0.00002 in both the univariate
and multivariate analyses) and a time from surgery to RT of less than 55 days (p = 0.004 in
multivariate analysis) were identified as significant adverse prognostic factors.

Table 2. The univariate and multivariate prognostic factors influencing survival for the entire population.

Table 2 L o
Variable Univariat Multivariat
€ e
HR 95%CI P HR 95%CI P

Age (= 65 years)
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1.05-

1.48 0.79-2.76  0.21 2.06 403 0.03
MGMT methylation (YES)

0.40 0.17-0.95  0.03 - - -
Surgery type (Incomplete)

1.17 0.60-2.29  0.63 - - -

Surgery-RT time (= 55 days)
0.38 0.19-0.73  0.003 0.27 %1536_ 0.0003
Adjuvant RT (30 fx)

0.55 0.29-0.99  0.05 - - -
Adjuvant TMZ (= 6 cycles)

0.42 0.23-0.78  0.005 0.35 %1685_ 0.001

Reirradiation (YES)
1.84 1.01-3.37  0.04 - - -
Second line systemic therapy (YES)
1.27 0.69-2.31 042 - - -

3.3. S-RT Versus Hypo-RT

Table 1 presents a descriptive analysis of the characteristics of study patients from both groups.
The characteristics in both study arms were comparable, except for age (p<0.001) and type of surgery
(p=0.01). In the Hypo-RT group, the most common surgical interventions were incomplete resection
and biopsy (44% and 37%, respectively), while in the S-RT group, 42% of patients underwent
complete resection. Progression-free survival (PFS) was similar in both groups: the time to
progression was 13.7 months for S-RT and 11.1 months for Hypo-RT (p=0.243), with 1-year and 2-
year PFS rates of 46.7% and 28.5% for Hypo-RT, and 60.5% and 28.5% for S-RT (Figure 1). Likewise,
OS showed a significant difference for the S-RT arm: the median OS was 28.8 months for S-RT
compared to 17.5 months for the Hypo-RT group (p=0.007; Figure 2). The 1-year and 2-year OS rates
were 95.3% and 64% for S-RT, and 72.5% and 43.3% for Hypo-RT. The univariate and multivariate
prognostic factors influencing OS are shown in Table 3. Consequently, younger age (HR:2.85; CI: 1.26-
6.44, p = 0.01), a time between surgery and RT of less than 55 days (HR:0.22; CI: 0.09-0.54, p = 0.0008)
for Hypo-RT, and adjuvant TMZ of fewer than 6 cycles (p=0.002; p = 0.001) for both groups were
significant adverse prognostic factors for survival. In evaluating PFS, the same factors were
determined as significant adverse prognostic factors in the univariate and multivariate analyses, as
shown in Table 4.
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Figure 1. Progression-free survival for S-RT (A 30) and Hypo-RT (B 15).

1.00

0.90
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p=0.007
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Figure 2. Overall Survival for S-RT (A 30) and Hypo-RT (B 15).

Table 3. The univariate and multivariate prognostic factors influencing survival for S-RT and Hypo-RT.

Table 3:

Variable Univaria Multivaria
te te
HR 95%CI P HR 95%CI P
Age
(260 0.23-

-RT .87 .84 - - -
years) S 08 3.25 08
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(=65 0.78- 1.26-
Hypo-RT 1.62 1 2. .01
years) ype 6 336 018 85 6as 00
MGMT methylation
0.11-

(YES) S-RT 0.49 203 0.35 - - -
(YES) Hypo-RT 0.38 Oilf_ 0.07 - - -
Surgery type

(Incomple 0.38-
te) S-RT 1.16 347 0.78
(Incomple 0.38-
Hypo-RT . . - - -
te) ypo 0.93 929 0.88
Surgery-RT time
(=55 0.21-
days) S-RT 0.64 201 0.44
(=55 0.13- 0.09-
Hypo-RT 31 .007 22 .
days) ypo 0.3 073 0.00 0 0.54 0.0008
Adjuvant RT
0.9-
> _ - - -
(=60 Gy) S-RT 0.28 1.86 0.2
(=240.5Gy)  Hypo-RT 1.08 (;?9_ 0.84 - - -
Adjuvant TMZ
(=6 0.13- 0.02-
cycles) S-RT 0.48 1.69 0.25 0.14 0.73 0.01
(=6 0.19- 0.14-
Hypo-RT 4 .01 . .002
cycles) wpo 040 084 00 0-30 066 00
Reirradiation
0.77-
(YES) S-RT 2.79 10.09 0.11 - - -
0.89-
(YES) Hypo-RT 1.82 373 0.10 - - -
Second line systemic therapy
0.59-
(YES) S-RT 1.91 614 0.27 - - -
0.58-
(YES) Hypo-RT 1.19 2 45 0.61 - - -

Table 4. The univariate and multivariate prognostic factors influencing progression for S-RT and Hypo-RT.

Table 4 L. o
Variable Univaria Multivaria
te te
HR 95%CI P HR 95%CI P
Age
> 30.
(=60 S-RT 0.834 039 0.63 - B )
years) 1.77
(265 0.76- 1.07-
years) Hypo-RT 144 yps 025 2.15 131 0.03
MGMT methylation
(YES) S-RT 1.02 045 95 - . )

2.31
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22-
(YES) Hypo-RT 0.51 0 0.11 - - -
1.17
Surgery type
(Incomple 0.37-
-RT 7 42 - - -
te) S 075 1.52 0
(Incomple 0.47-
te) Hypo-RT 1.09 548 0.83
Surgery-RT time
(=55 0.58-
days) S-RT 1.19 94D 0.63
(=55 0.21- 0.14-
Hypo-RT 4 .01 . .001
days) ypo 0.43 0.86 0.0 0.30 0.63 0.00
Adjuvant RT
0.28-
> _ _ _ _
(=60 Gy) S-RT 0.61 196 0.17
0.60-
> _ - - -
(240.5Gy) Hypo-RT 1.22 247 0.57
Adjuvant TMZ
(=6 0.22- 0.12-
-RT 47 .04 2 .002
cycles) 5 0 0.98 0.0 026 0.62 0.00
(=6 0.20- 0.15-
cycles) Hypo-RT 0.38 0.74 0.004 0.31 0.60 0.0006

4. Discussion

GBM encompasses heterogeneous tumor groups that differ by site of origin, histopathological
characteristics, tumor microenvironment, and genetics. It is often resistant to various treatments,
including radiotherapy, chemotherapy, and targeted therapy, with overall survival rates spanning
from a few months to several years, making it invariably lethal. The standard treatment for this tumor
thus far includes surgical resection, postoperative radiotherapy with concomitant temozolomide,
followed by adjuvant therapy. This treatment protocol provides a median OS of 14.6 months, while
the percentage of patients surviving for two years rises from 10.4% to 26.5% [4,5]. The standard
treatment consists of 60 Gy delivered in 30 fractions over six weeks, with each fraction being 2 Gy
administered using three-dimensional conformal fractionated radiation therapy. Glioblastoma
multiforme (GBM) is characterized by a rapid doubling time. Utilizing prolonged RT schedules may
enhance cell repopulation, which contributes to up to 10% of patients experiencing disease [22-24].
GBM tumors are known to have relatively high resistance to radiation therapy, responding similarly
to late-responding neural tissue. This means their reaction to radiation may be delayed and take
longer to manifest. Approximately 50% of GBM tumors carry a mutated P53 tumor suppressor gene.
These tumors have been observed to behave like late-reacting tissues when subjected to conventional
high-dose radiation therapy, demonstrating a significant level of resistance and aggressiveness.
Consequently, they may benefit from hypo-RT protocols. In the current scenario, hypo-RT offers
several advantages, such as enhancing the effectiveness of killing cancer cells by administering a
higher dose per treatment session over a shorter period. Moreover, it may help to minimize the
negative impact of accelerated tumor cell regrowth by reducing the overall duration of radiation
therapy. Numerous studies analyzing three weeks of RT have demonstrated safety and efficacy,
reporting a median survival of up to 20 months [12,14,17,25-27]. Although many studies of hypo-RT
in GBM utilized suboptimal radiation doses, they reported efficacy comparable to CFRT, particularly
in high-risk patients. However, the therapeutic potential of HFRT schedules remains under
investigation. In a prior report, poor prognosis GBM patients were treated with hypo-RT combined
with simultaneous integrated boost (52.5Gy in 15 fractions). The data is encouraging; the median OS
was 13 months.
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Given this background, the current analysis aimed to retrospectively evaluate all GBM patients
treated with RT (standard or hypo-RT) in our department. In this study, the total dose for Hypo-RT
was 52.5 Gy over 3 weeks, yielding a biological effective dose (BED) similar to standard RT (BED10
of 70.88 Gy compared to 72 Gy, respectively).

A total of ninety-five patients underwent RT and were included in this study, which revealed a
median OS and PFS of 25 and 12 months, respectively. PFS was comparable in both groups, with 13.7
months for S-RT and 11.1 months for Hypo-RT. Similarly, OS demonstrated a significant difference
in the S-RT arm, where the median OS was 28.8 months for S-RT, compared to 17.5 months in the
Hypo-RT group (p=0.007). One-year and two-year OS rates were 95.3% and 64% for S-RT, and 72.5%
and 43.3% for Hypo-RT.

It is important to reach a consensus on the appropriate dose of HFRT to be used in studies. In a
pilot study by Terasaki et al., a median survival of 15.6 months was achieved using a dose of 45 Gy
in 15 fractions alongside concurrent and adjuvant TMZ [28]. Navarria et al. evaluated a total dose of
60 Gy in 15 fractions in a phase II trial involving 97 patients. They reported a median OS of 16 months
and a 2-year OS of 30.5% [26]. Considering the sample size and the retrospective nature of this
analysis, the current data align with those reported by Navarria et al. [26].

Indeed, when the total dose was reduced, negative survival outcomes were recorded. For
instance, in the study published by Ryan et al., a median OS of 9 months with a 2-year OS of 9% was
reported. In this study, 93 patients were randomized to receive either 60/30 fractions or 45/15
fractions. [27].

Regarding side effects, published data indicate an increased incidence of grade III-IV
radionecrosis (3 to 20%) when high-dose per fraction and therapeutically effective doses are used
[26]. In the present analysis, toxicity data align with those from other experiences; in fact, only grade
I-II toxicity was noted. Additionally, five patients discontinued concomitant TMZ in the standard
arm due to a reduction in PTL [26,27].

However, despite the biological effective dose being similar in both groups, we observed better
survival in the standard arm. This is likely due to the differing populations; specifically, those in the
standard arm were younger (only 14% were over 65 years old compared to 50% in the hypo-RT arm)
and had a complete surgical resection (42% versus 19%). This suggests that younger patients achieved
better results with the standard approach and that the extent of surgical resection is a significant
prognostic factor affecting survival, as expected.

In both univariate and multivariate analyses, age, MGMT status, time from surgery to RT, and
more than six cycles of TMZ are critical prognostic factors for survival. Although most treated
patients underwent extensive surgical resection (29.5% with complete resection and 44% with partial
resection), there was no significant perioperative morbidity, and adjuvant treatments commenced
between 6 and 8 weeks (median 55 days). A meta-analysis of 16 Radiation Therapy Oncology Group
(RTOG) randomized controlled trials has shown that PFS is not adversely affected by a delay in
starting RT, provided it begins within six weeks after surgery [28,29]. Consequently, current
treatment recommendations advise initiating RT within six weeks after surgery. However, recent
data indicated that delaying the initiation of adjuvant RT by six weeks or more did not significantly
impact either PFS or OS [30-34].

Our study observed an increase in survival when RT started more than 55 days after surgery,
particularly in patients in the hypo-RT arm (Tables 3 and 4). The explanation for this result likely
relates to the characteristics of the patients; in fact, it may be that there is a bias between the study
groups, with patients who were in poorer condition at presentation being treated earlier. Among the
patients who began RT within 55 days post-surgery, about 60% received hypo-RT and were in worse
condition at presentation.

However, the reported median OS (25 months from surgery for the entire population may serve
as a surrogate for data regarding gap surgery-RT), increasing the likelihood of a brief delay in
administering RT without negatively impacting OS and PFS results.
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In our cohort regarding chemotherapy, adjuvant TMZ was successfully administered to 100% of
patients, with 50% receiving more than six cycles. It continues to be an important prognostic factor
for survival in both univariate and multivariate analyses.

The same data were recently reported in an updated systematic review and meta-analysis of
extended adjuvant temozolomide [35]. Gupta et al. demonstrated that extended adjuvant TMZ (12
cycles) was linked to a statistically significant reduction in the risk of progression (HR =0.72, 95% CI:
0.60-0.87; p = 0.007) and death (HR = 0.71, 95% CI: 0.57-0.90; p = 0.004) compared to the standard
adjuvant six cycles of TMZ [35]. However, the survival benefit of 12 cycles was confined to data
synthesized from retrospective, nonrandomized comparative studies, which showed no statistically
significant difference in outcomes when only pooling data from RCTs.

Another issue for GBM to improve survival is the second-line therapy during recurrence. In the
current population, salvage treatment at progression was administered to approximately 50% of
patients: 41% received radiation therapy, and 45% received second-line chemotherapy, with 50% in
the S-RT group compared to 40% in the hypo-RT group. These results are consistent with those
reported in the literature [26] and may help explain the increase in OS. Across the entire population,
the potential for reirradiation has demonstrated its prognostic significance in univariate analysis.

5. Conclusions

Despite the limitations of this study —such as its retrospective nature, nonrandomized design,
and sample size—the results suggest that Hypo-RT is a feasible and safe approach, demonstrating no
excessive treatment interruptions and acceptable toxicity, along with reasonable outcome rates. There
are still open questions regarding dose escalation and the optimal schedule. Nevertheless, a phase III
trial could determine the potential for incorporating Hypo-RT as the new standard of care for newly
diagnosed GBM, not only for frail or older individuals.
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