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Abstract
Background  Glioblastoma (GBM) is the most common and aggressive primary malignant brain tumor in adults, with a 
median overall survival (OS) rarely exceeding 15 months despite multimodal therapy. While established prognostic factors 
include age, Karnofsky Performance Status (KPS), and molecular features such as MGMT promoter methylation and IDH 
mutation status, increasing attention has focused on the role of treatment timing as a potentially modifiable prognostic deter-
minant. In particular, Overall Treatment Time (OTT)—the number of calendar days from the first to the last radiotherapy 
fraction—may impact survival by enabling tumor repopulation when extended or interrupted.
Methods  We conducted a retrospective monocentric cohort study of 166 consecutive adult patients with histologically 
confirmed IDH-wild-type glioblastoma treated with standard concurrent chemoradiotherapy and adjuvant temozolomide 
between January 2016 and January 2024. OTT was defined as the total number of days from radiotherapy start to end, includ-
ing all interruptions. A cutoff of 48 days was adopted based on prior evidence. Patients were stratified according to OTT, 
number and cause of radiotherapy interruptions, and molecular status (MGMT promoter methylation and EGFR amplifica-
tion). The primary endpoints were OS and progression-free survival (PFS), analyzed with Kaplan–Meier and Cox regression 
models.
Results  Median OTT was 43 days (range: 40–65). Patients with OTT ≤ 48 days had a significantly longer median OS than 
those with OTT > 48 days (20 vs. 10 months, p = 0.003). Multivariable Cox regression confirmed OTT > 48 days as an inde-
pendent negative prognostic factor (HR = 1.41, p = 0.009). Multiple interruptions, regardless of cause, further reduced OS, 
particularly in patients with MGMT-methylated tumors and low EGFR expression. Clinical interruptions—often due to tox-
icity—were associated with significantly worse outcomes than single technical interruptions. Notably, the negative impact 
of prolonged OTT was significantly more pronounced in the MGMT-methylated subgroup (p for interaction = 0.018), sug-
gesting a biologically distinct vulnerability to treatment delays.
Conclusions  This study demonstrates that prolonged OTT and radiotherapy interruptions are independently associated 
with inferior survival in patients with IDH-wild-type glioblastoma, particularly in biologically favorable subgroups such 
as MGMT-methylated tumors. These findings underscore the importance of strict adherence to treatment schedules and 
minimizing avoidable delays. Molecular profiling may aid in identifying patients most vulnerable to the adverse effects of 
treatment prolongation, supporting a more personalized and time-sensitive approach to GBM management. Further prospec-
tive validation is warranted.
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Introduction

Glioblastoma (GBM) is the most aggressive primary brain 
tumor in adults, characterized by rapid proliferation, diffuse 
infiltration, and marked inter- and intra-tumoral heteroge-
neity. Despite advances in multimodal therapy—including 
maximal safe surgical resection followed by concurrent 
radiotherapy and temozolomide (RT-TMZ), and adjuvant 
TMZ according to the Stupp protocol—median overall 
survival (OS) remains dismal, averaging 14–16 months in 
contemporary cohorts [1]. Increasing attention has focused 
on Overall Treatment Time (OTT)—defined as the number 
of days between the first and last radiotherapy fraction—
as a modifiable prognostic factor across several malignan-
cies treated with radiotherapy, including head and neck 
[2], gynecological [3], lung [4] and prostate [5] cancers. 
Prolonged OTT may enable tumor cell repopulation and 
reduce radiosensitivity, undermining treatment efficacy—a 
concept supported by well-established radiobiological prin-
ciples, and ultimately reflected in inferior clinical outcomes. 
In glioblastoma, however, evidence remains conflicting. 
While some studies suggest that extended OTT negatively 
impacts survival [6], others report no significant associa-
tion [7, 8], reflecting ongoing uncertainty and the need for 
further molecularly informed analyses. These discrepancies 
may reflect methodological heterogeneity, unmeasured con-
founding factors, and a lack of biomolecular stratification in 
prior analyses. Crucially, the interaction between treatment 
timing and tumor biology has been largely underexplored. 
Prognosis in GBM is traditionally influenced by patient age, 
Karnofsky Performance Status (KPS), extent of resection, 
and molecular features such as MGMT promoter methyla-
tion and IDH mutation status [9, 10] MGMT promoter meth-
ylation is a well-established predictor of responsiveness to 
alkylating agents such as TMZ [11], while EGFR amplifica-
tion has been associated with increased proliferative activity 
and therapeutic resistance [12, 13]. Whether these molecu-
lar markers also influence the tumor’s vulnerability to pro-
longed or interrupted radiotherapy remains unknown.

In this context, we conducted a retrospective cohort 
study to evaluate the prognostic significance of OTT and 
radiotherapy interruptions in patients with IDH-wild-type 
GBM treated with the Stupp protocol. We also investigated 
whether MGMT methylation and EGFR amplification mod-
ulate the impact of treatment timing on OS. By integrating 
clinical, temporal, and molecular parameters, this study 
aims to clarify unresolved questions and support evidence-
based, individualized treatment scheduling in GBM.

Materials and methods

Study design and patient selection

This retrospective, single-center observational study was 
conducted at the Department of Radiation Oncology, 
Azienda Ospedaliero-Universitaria Senese (University Hos-
pital of Siena, Italy). We reviewed records of consecutive 
adult patients with histologically confirmed IDH-wildtype 
glioblastoma (per 2021 WHO classification [10]) treated 
between January 2016 and January 2024. Inclusion criteria 
were: (1) newly diagnosed, histologically confirmed IDH-
wildtype GBM; (2) completion of standard concurrent RT-
TMZ chemoradiotherapy according the Stupp protocol [1]. 
Radiotherapy consisted of 60 Gy in 30 fractions (2 Gy per 
fraction delivered Monday–Friday over ~ 6 weeks) using 
intensity-modulated techniques. Concurrent temozolo-
mide (TMZ) chemotherapy was administered at 75 mg/m2 
daily throughout radiotherapy. After completing RT-TMZ, 
patients received up to 6–12 cycles of adjuvant TMZ (150–
200 mg/m2 given on 5 consecutive days every 28 days), as 
per the Stupp protocol [1].; and (3) availability of complete 
clinical data, including radiotherapy dates, follow- up, and 
molecular marker status (MGMT promoter methylation 
and EGFR amplification). Patients were excluded if they 
received non-standard or palliative-intent treatment, expe-
rienced early tumor progression before radiotherapy ini-
tiation, or had incomplete data on treatment duration or 
molecular status.

Definition of overall treatment time (OTT) and 
interruptions

Overall Treatment Time was defined as the number of cal-
endar days from the first to the last radiotherapy fraction, 
inclusive of weekends and any breaks. Because radiother-
apy was delivered on weekdays only, the day of week on 
which treatment started influenced the calendar OTT even 
in the absence of interruptions. An uninterrupted 30-frac-
tion course lasts ~ 40 days if initiated on a Monday, and ~ 42 
days if initiated later in the week (due to intervening week-
ends). Thus, some variability in OTT (approximately 40–42 
days) reflects scheduling logistics rather than true treat-
ment delays.We performed an exploratory analysis compar-
ing patients with 0, 1, or 2 days of unplanned interruption 
(excluding weekends/holidays). There was no significant 
OS difference between 0 and 1  day, and 2 days interrup-
tions. Consequently, “Significant” treatment interruptions 
were defined as any unplanned radiotherapy gap > 2 con-
secutive weekdays (excluding scheduled off-treatment 
days like weekends). All interruptions were recorded and 
classified by number (none, single, or multiple) and cause: 
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clinical interruptions (due to patient-related issues such 
as hematologic or neurologic toxicity, intercurrent illness, 
or decline in performance status requiring a pause) versus 
technical interruptions (due to non-medical factors such as 
linear accelerator downtime or scheduling/logistical issues).

Molecular analysis

Tumor molecular profiling was performed on forma-
lin-fixed, paraffin-embedded surgical or biopsy tissue. 
MGMT promoter methylation status was determined by 
methylation-specific.

PCR, and EGFR amplification was assessed by fluo-
rescence in situ hybridization (FISH) or next- generation 
sequencing. Patients were stratified into MGMT-methylated 
vs. unmethylated and EGFR- amplified vs. non-amplified 
(normal copy-number, “EGFR-low”) groups for subgroup 
analyses.

Outcomes and follow-up

Primary endpoint was overall survival (OS), defined as 
time from histological diagnosis to death from any cause. 
Patients were monitored with clinical examinations and 
MRI every 2–3 months per institutional protocol.

Statistical analysis

Baseline demographic, clinical, and molecular character-
istics were summarized with descriptive statistics. Con-
tinuous variables are reported as mean, median, and range; 
categorical variables as counts and percentages. Survival 
analyses were performed using the Kaplan–Meier method; 
differences between groups were assessed by log-rank test. 
An optimal prognostic cut-off for OTT was identified using 
maximally selected log-rank statistics (Maximally Selected 
Rank test), which evaluates all possible cut-off values along 
the OTT distribution and selects the threshold that maxi-
mizes the log-rank chi-square statistic. A Lausen–Schum-
acher adjustment was applied to correct for multiple testing 
and avoid over-fitting. A multivariable Cox proportional 
hazards model was constructed to identify independent pre-
dictors of OS. Candidate covariates included OTT (dichoto-
mized at the prognostic cut-off), number of interruptions 
(≥ 2 vs. <2), interruption cause, MGMT status, EGFR status, 
age at diagnosis, KPS, and extent of resection (gross total 
vs. subtotal vs. biopsy). Interaction terms were tested to 
evaluate whether the prognostic impact of OTT differed by 
MGMT or EGFR status. Hazard ratios (HR) with 95% con-
fidence intervals (CI) and two-tailed p-values are reported. 
Statistical analyses were conducted using SPSS v17 and R 
v4.3.0, with p < 0.05 considered significant.

Results

Patient characteristics

A total of 166 patients were included in the final analysis. 
(Fig.  1). The mean age at diagnosis was 63 years (range 
26–84), and 106 patients (64%) were male. The median 
Karnofsky Performance Status at the start of radiotherapy 
was 80 (range 60–100). In terms of surgery, 50 patients 
(30%) underwent gross total resection, 80 (48%) had sub-
total resection, and 36 (22%) had biopsy only. The median 
surgery-to-RT start interval was 41 days (range 31–57 days). 
Key baseline clinical and molecular characteristics are sum-
marized in Table 1. 

Molecular profile

MGMT-promoter methylation was detected in 79/166 
assessable tumours (47.6%), whereas 87 (52.4%) were 
unmethylated. EGFR was amplified in 100/166 cases 
(60.2%); the remaining 66 (39.8%) displayed low/normal 
copy number.

Overall treatment time (OTT)

The median overall treatment time from the first to last 
radiotherapy fraction (including any breaks) was 43 days 
(range 40–65 days). Figure 2 illustrates the distribution of 
OTT in our cohort: most patients without significant breaks 
finished in about 40–45 days, while a subset of patients had 
OTT prolonged well beyond 48 days due to interruptions.
An optimal prognostic cut-off for OTT was identified using 
maximally selected log-rank statistics (Maximally Selected 
Rank test), which evaluates all possible cut-off values along 
the OTT distribution and selects the threshold that maxi-
mizes the log-rank chi-square statistic; a Lausen–Schum-
acher adjustment was applied to correct for multiple testing 
and avoid over-fitting. This procedure identified 48 days 
as the optimal threshold for prognostication. Patients who 
completed radiotherapy within 48 days had a significantly 
longer median OS of 20 months compared to 10 months in 
those exceeding 48 days (log-rank p = 0.003) (Fig. 3). The 
median surgery-to-RT start interval was similar between 
patients with OTT ≤ 48 days and those with OTT > 48 days 
(approximately 32 vs. 33 days, p = 0.64), indicating no 
significant delay in treatment initiation for the prolonged 
OTT group. There were no significant differences between 
groups in KPS, MGMT status, EGFR status, age, or extent 
of resection (Table 1). 
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sharp decrease in survival: median OS fell from 36 months 
(OTT ≤ 48) to 20 months (OTT > 48), (log-rank p = 0.005). 
Similarly, in EGFR-low (non-amplified) tumors, extended 
OTT approximately halved median OS (about 28 vs. 14 
months, p = 0.02). By contrast, in MGMT- unmethylated 
or EGFR-amplified tumors—biologically more treatment-
resistant—prolonged OTT had a lesser and statistically non-
significant impact on survival (no significant OS difference 
between short and long OTT in these subgroups) (Fig. 4). 
These results suggest that treatment timing is most critical 
in molecularly favorable GBM, whereas aggressive phe-
notypes (MGMT-unmethylated or EGFR-amplified) may 
derive relatively limited benefit from strictly time-adherent 
therapy.

Treatment interruptions

A total of 63 significant radiotherapy interruptions were 
recorded in 57 patients (34% of the cohort). Of these breaks, 
40 were due to clinical causes (treatment-related toxicity 
or patient condition) and 23 were due to technical causes 
(machine downtime or scheduling issues).

The proportion of patients who temporarily interrupted 
or discontinued concurrent TMZ during radiotherapy was 
similar in both OTT groups (p = 0.77). Most patients (95% 
overall) completed the prescribed concurrent TMZ course. 
Thus, OTT prolongation was not associated with a higher 
rate of TMZ discontinuation.

Interaction of OTT with molecular biomarkers

The detrimental effect of prolonged treatment was not 
uniform across molecular subgroups. Notably, in MGMT-
methylated tumors, OTT > 48 days was associated with a 

Table 1  Baseline patient and tumor characteristics (n = 166), overall 
and stratified by OTT ≤ 48 days vs. >48 days
Characteristic Value (n, % or range) OTT ≤ 48 

days
OTT > 48 
days

Age (years) 63 ys mean (range 
26–84)

62 ys 61 ys

Sex Male 106 (64%); 
Female 60 (36%)

Male 63; 
Female 38

Male 43; 
Female 22

KPS (at radio-
therapy start)

80 median (range 
60–100)

80 median 80 median

Extent of 
resection

Gross total 50 (30%); 
Subtotal 80 (48%); 
Biopsy 36 (22%)

Gross total 
28; Subtotal 
50; Biopsy 
23;

Gross 
total 22; 
Subtotal 
30; Biopsy 
13;

Surgery-to-RT 
start interval

Median 41 days 
(range 31–56 days)

Median 41 
days

Median 42 
days

MGMT 
promoter 
methylation

Methylated 79 
(47.6%); Unmethyl-
ated 87 (52.4%);

Methylated 
49; Unmeth-
ylated 52;

Methyl-
ated 30; 
Unmethyl-
ated 35;

EGFR 
amplification

Amplified 102 
(60.2%); Not ampli-
fied 64 (39.8%);

Amplified 61 
Not ampli-
fied 40;

Amplified 
41 Not 
amplified 
24;

No significant differences were found, p > 0.05 for all characteristics

Fig. 1  Flow diagram of patient 
selection. A total of 180 patients 
with newly diagnosed IDH-wild-
type glioblastoma were screened 
between 2016 and 2024. After 
exclusions (early progression 
before chemoradiotherapy, incom-
plete data, or non-standard ther-
apy), 166 patients met the inclusion 
criteria and were analyzed”
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with none/one break), whereas in EGFR- amplified tumors 
the difference was smaller (12 vs. 17 months) and not statis-
tically significant. These results are summarized in Table 2. 

Cause of interruption

When examining interruption cause, we found that even 
a single clinical interruption (e.g. a pause for toxicity or 
medical issues) had a noticeable adverse effect on survival, 
whereas an isolated technical interruption did not. Specifi-
cally, compared to patients with no interruptions (median 
OS = 23 months), those with one clinical interruption had 
a shorter median OS of 17 months (p = 0.041), while those 
with one technical interruption had a median OS of 20 
months (p = 0.213, not significant). Patients who experienced 

Number of interruptions

Patients experiencing multiple interruptions (≥ 2 treatment 
breaks) had substantially worse outcomes than those with 
0–1 interruptions. The median OS for patients with ≥ 2 sig-
nificant breaks was only 11 months, compared to 18 months 
in those with at most one interruption (p = 0.004). Subgroup 
analyses suggested that the impact of interruptions was 
greatest in the biomarker-favorable groups. For example, 
MGMT-methylated patients with ≥ 2 interruptions had a 
median OS of 20 months versus 33 months with 0–1 inter-
ruptions, whereas MGMT-unmethylated patients had 10 vs. 
13 months, respectively. A similar pattern was observed with 
EGFR: in EGFR-normal (non amplified) tumors, ≥ 2 inter-
ruptions reduced median OS to 14 months (vs. 28 months 

Fig. 3  Kaplan–Meier overall sur-
vival curves stratified by Overall 
Treatment Time (OTT ≤ 48 days vs. 
>48 days). Patients with prolonged 
OTT beyond 48 days had signifi-
cantly worse survival, with median 
OS of 10 months compared to 20 
months for those treated within 48 
days (p = 0.003)

 

Fig. 2  Distribution of Overall 
Treatment Time (OTT) in the study 
cohort (n = 166). The histogram 
shows the number of patients by 
OTT in days, from the first to the 
last radiotherapy fraction (includ-
ing any breaks). Dashed orange 
lines indicate the idealized calendar 
OTT for a 30-fraction schedule 
without interruptions, starting on a 
Monday (~ 40 days) or mid-week 
(~ 42 days). The solid red line 
marks the study-derived prognostic 
cut-off of 48 days. Most patients 
without significant treatment 
breaks completed radiotherapy in 
40–45 days, while a subset expe-
rienced substantial prolongation 
of OTT, often due to unplanned 
interruptions
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Multivariable analysis

On Cox proportional-hazards modeling, five factors 
emerged as independent prognostic predictors for OS 
(Table  3). MGMT promoter methylation was associated 
with improved survival (HR 0.55, 95% CI 0.40–0.75, 
p < 0.001), reflecting the known survival benefit in MGMT-
methylated GBMs. Older age predicted worse survival (HR 
1.03 per year, CI 1.01–1.05, p = 0.021). KPS was a strong 
predictor: for KPS 100 − 80%, the hazard of death decreased 
(HR ~ 0.89 per 10-point, CI 0.85–0.93, p < 0.001), under-
scoring the protective effect of higher performance status. 
Importantly, treatment timing factors, except for interval of 
time to start of treatment, remained significant in the mul-
tivariate model: OTT > 48 days independently conferred 
a higher risk of death (HR 1.41, CI 1.09–1.82, p = 0.009), 
as did having ≥ 2 interruptions (HR 1.61, CI 1.18–2.34, 
p = 0.004), after adjusting for all other variables. We tested 
for interactions and found a significant interaction between 
OTT and MGMT status (p = 0.018)—indicating that the 
harm of prolonged OTT was significantly more pronounced 

multiple interruptions of any cause fared worst, with median 
OS around 12 months (p < 0.01 vs. no interruptions). In sum-
mary, a single treatment break due to patient-related factors 
was associated with significantly reduced survival, whereas 
equipment-related delays of one instance were less conse-
quential unless multiple such delays occurred.

Timing of interruptions

We further explored whether the timing of an interruption 
during the radiotherapy course influenced outcomes, as well 
as the effect of interruption duration. Among patients who 
had significant interruptions (n = 57), 22 patients experi-
enced their first break in the early phase of RT (weeks 1–3) 
and the other 35 in the later phase (weeks 4–6). There was 
no significant difference in OS based on whether interrup-
tions occurred in the early vs. late part of treatment (log-
rank p = 0.78; i.e., both early and late interruptions were 
associated with similar survival detriments).

Table 2  Median overall survival (OS) by interruption status, overall 
and stratified by molecular subgroups
Subgroup 0–1 interrup-

tion (median 
OS, months)

≥ 2 interrup-
tions (median 
OS, months)

p-value

All patients 18 months 11 months 0.004
MGMT-methylated 33 months 20 months 0.031
MGMT-unmethylated 13 months 10 months 0.075
EGFR-low* 28 months 14 months 0.018
EGFR-amplified 17 months 12 months 0.061
EGFR-low = non-amplified (normal EGFR copy number)

Table 3  Multivariable Cox regression analysis for overall survival 
(OS)
Variable HR 95% CI p-value
MGMT promoter methylated 0.55 0.40–0.75 < 0.001
Age at diagnosis (per year) 1.03 1.01–1.05 0.021
KPS (per 10-point increase) 0.89 0.85–0.93 < 0.001
OTT > 48 days 1.41 1.09–1.82 0.009
≥ 2 interruptions 1.61 1.18–2.34 0.004
Time from surgery to RT start date 0.95 0.63–1.35 n.s.
HR hazard ratio, CI confidence interval, KPS Karnofsky Performance 
Status, OTT Overall Treatment Time

Fig. 4  Kaplan–Meier overall survival curves illustrating the impact of 
OTT stratified by MGMT promoter methylation status. Left: MGMT-
methylated tumors—extended OTT > 48 days (n = 30) was associated 
with markedly worse survival (median OS = 20 months) compared to 

timely treatment ≤ 48 days (n = 49; median OS 36 months) (log-rank 
p = 0.005) Right: MGMT-unmethylated tumors (n = 87)—no signifi-
cant survival difference was seen between OTT > 48 days (n = 35) and 
≤ 48 days (n = 52) in this subgroup (log-rank p > 0.05)
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MGMT-methylated patients—intrinsically more sensitive 
to temozolomide due to epigenetic silencing of the MGMT 
DNA-repair enzyme, and, to some extent, radiation—are 
particularly vulnerable to this time-dependent loss of tumor 
control. The survival penalty associated with OTT > 48 
days was on the order of 12–17 months in the MGMT-
methylated subgroup, a striking finding that implies these 
tumors rapidly lose ground when treatment is protracted. 
Conversely, MGMT-unmethylated and EGFR-amplified 
tumors—often characterized by radio- and chemoresistant 
phenotypes driven by enhanced DNA damage response and 
pro-survival signaling—showed a much less pronounced 
and non-significant decrement in survival with OTT pro-
longation. Collectively, these patterns suggest that biologi-
cally favorable GBM subtypes derive maximal benefit from 
an uninterrupted, intensive treatment schedule, whereas 
intrinsically resistant tumors may be relatively indifferent 
to modest delays (because their outcomes are poor regard-
less of slight timing differences). Our analysis of treatment 
interruptions further refines this picture of timing and tumor 
biology. Even a single unplanned break due to clinical rea-
sons (such as neurotoxicity) carried a significant survival 
cost, which likely reflects both the detrimental effect of 
treatment discontinuity and the fact that such interruptions 
often signal a more fragile patient or more aggressive dis-
ease course [16]. Clinical interruptions may therefore repre-
sent a composite marker of treatment tolerance and evolving 
performance status during the radio-chemotherapy course. 
On the other hand, an isolated technical interruption (e.g., 
one machine maintenance delay) had a negligible impact on 
OS in our cohort, suggesting that the schedule can absorb a 
one-time technical delay if treatment is otherwise delivered 
on time. However, when multiple technical failures accu-
mulated (e.g., repeated machine downtimes), we observed 
a survival decline in the EGFR-low and MGMT-methylated 
subgroups and a trend toward worse outcomes overall. This 
underscores two practical points for clinical practice:

(1) The importance of robust supportive care and toxicity 
management to prevent or minimize patient-related breaks. 
When clinically feasible and safe, hospitalized patients may 
benefit from continuing RT to avoid OTT prolongation, pro-
vided that infection control and patient stability are ensured. 
(2) The need for reliable radiotherapy infrastructure and 
contingency plans (backup machines, make-up sessions on 
weekends, etc.) to quickly compensate for any technical 
downtime.

In summary, not all interruptions are equal—patient-
related interruptions are particularly harmful and should 
be avoided through proactive interventions (antiemetics, 
hematopoietic growth factors, etc.), whereas the system 
should be optimized to minimize technical delays and to 
make up missed sessions promptly when they occur.

in MGMT-methylated tumors than in unmethylated ones, 
consistent with the subgroup findings above. Conversely, the 
OTT × EGFR interaction term was not significant (p > 0.1), 
suggesting no strong effect modification by EGFR status. 
We also note that the interval from surgery to radiotherapy 
start was not a significant predictor of OS in this multivari-
able analysis (p = 0.45), implying that moderate variations 
in time to treatment initiation did not independently influ-
ence survival outcomes in our cohort. In an alternative Cox 
model incorporating interruption cause (instead of simply 
number), we observed that clinical interruptions were the 
critical driver: a single clinical interruption was associated 
with a 39% increase in hazard (HR ~ 1.39, CI ~ 1.01–1.91, 
p = 0.042), whereas single technical interruptions did not 
significantly affect OS. Multiple technical interruptions 
appeared to adversely affect survival only within the EGFR-
low subgroup and did not reach independent significance in 
the overall model. 

Discussion

The present study expands on the seminal observation 
that treatment timing influences outcomes in glioblastoma 
(GBM) [6, 7, 14] by demonstrating that an Overall Treat-
ment Time (OTT) > 48 days—equivalent to extending the 
standard six-week chemoradiation course by more than 
one week—independently predicts inferior overall survival 
(OS). Importantly, our data show that the detrimental effect 
of protracted treatment is not uniform across the molecu-
lar spectrum of GBM but is magnified in tumours with 
MGMT-promoter methylation and low/normal EGFR copy 
number. These findings add a biological dimension to the 
long-standing clinical imperative of maintaining schedule 
integrity in radiotherapy. From a radiobiological perspec-
tive, even a relatively modest prolongation of approximately 
six days can have a substantial impact. This interval allows 
additional opportunities for accelerated repopulation of clo-
nogenic tumor cells between fractions, a process well docu-
mented in rapidly proliferating malignancies such as GBM 
[15]. Given the high intrinsic proliferation rate and short 
potential doubling time of GBM, such delays may erode the 
therapeutic gains achieved by concurrent chemoradiation. 
Furthermore, a prolonged OTT may serve as a surrogate for 
other adverse factors, including treatment-related toxicity, 
intercurrent illness, or overall frailty—conditions that not 
only cause interruptions but may also directly compromise 
patient resilience and survival. Our multivariable analysis 
adjusted for major known prognostic factors, including per-
formance status, supporting an independent effect of OTT; 
however, the potential contribution of unmeasured clini-
cal covariates cannot be excluded. Our results suggest that 
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accommodate unforeseen machine downtime. These find-
ings support integrating schedule fidelity into precision-
oncology paradigms and lay the groundwork for molecularly 
stratified trials aimed at mitigating time-related therapeutic 
attrition.
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