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Surgery to chemoradiotherapy time may not
impact outcomes in glioblastoma patients
treated with modern techniques: a single-
institution study
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Background. Surgery followed by chemoradiotherapy (CRT) with temozolomide is the standard treatment for
glioblastoma patients. But, the time between surgery and CRT is still a controversial issue. This study investigated the
impact of delay in CRT after surgery on overall (OS) and progression-free survival (PFS).

Patients and methods. Patients aged > 18 years with IDH-wild type glioblastoma, who received 60 Gy concomitant
CRT with temozolomide were included in the study. Exclusion criteria include patients who underwent biopsy only, had
an Eastern Cooperative Oncology Group (ECOG) performance status > 1, or presented with multicentric tumors. The
interval between surgery and CRT was categorized according to 42 days, and delays after this point were defined as
delayed treatment initiation. Statistical analyses included Kaplan-Meier survival analysis and Cox regression models.
Results. The median OS for the regular and delayed groups was 18 and 19 months, and the PFS was 11.8 and 14.6
months, respectively. Delayed patients showed better PFS, but no statistically significant difference was found be-
tween the groups in terms of OS and PFS (p = 0.149, p = 0.076). In multivariate analysis, ECOG performance score 1
and subtotal resection were associated with poor prognosis for both OS and PFS (for OS p = 0.031, p < 0.001; for PFS
p = 0.038, p = 0.029). When the time from surgery to CRT was analyzed according to the extent of surgery, no signifi-
cant difference was observed in OS and PFS (p = 0.068, P = 0.057).

Conclusions. Our findings showed that delays of more than 42 days in adjuvant CRT did not affect OS or PFS.
However, further studies are needed to evaluate the effects of delayed adjuvant therapy in patients with subtotal
resection.
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Introduction

Glioblastoma (GB) poses a formidable challenge
in neuro-oncology, characterized by a dismal
prognosis despite multimodality treatment.! The
standard of care encompasses surgical resection
followed by concurrent chemoradiotherapy (CRT)
with temozolomide (TMZ) and subsequent TMZ
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monotherapy. While this regimen has improved
outcomes, median survival remains limited, typi-
cally ranging from 12 to 18 months.

The interval between surgical resection and the
adjuvant therapy emerges as a critical prognostic
factor in various malignancies. Delays in starting
CRT following surgery can influence treatment
response rates and disease progression due to the
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proliferation of biologically active residual tumor
cells. Therefore, as the interval between surgery
and adjuvant treatment lengthens, local control
and survival rates tend to decrease. However,
studies aiming to determine the optimal timing
for adjuvant therapy initiation in glioblastoma are
limited and present heterogeneous results.?* Many
studies report the optimal time between surgery
and radiotherapy (RT) as 4-6 weeks.*®

The extent of surgical resection stands out as a
critical factor in GB treatment. Studies have shown
that achieving the widest possible surgical resec-
tion can significantly increase survival rates.®
Especially in patients who undergo subtotal resec-
tion, adjuvant CRT is desired to be started as soon
as possible due to the risk of rapid proliferation
of residual tumor cells. However, various factors,
including postoperative complications, delayed
wound healing, logistical challenges in accessing
radiotherapy facilities, and the evolving diagnostic
landscape with the incorporation of more exten-
sive immunohistochemical analyses for the 2021
World Health Organization (WHO) classification,
can contribute to delays in initiating adjuvant ther-
apy. The potential impact of these delays on dis-
ease progression warrants further investigation.

In this study, the effect of prolonged intervals
between surgery and CRT on overall survival (OS)
and progression-free survival (PFS) will be inves-
tigated in GB patients treated with modern ra-
diotherapy techniques and concurrent TMZ. The
findings obtained can contribute to determining
optimal strategies in the planning of surgery and
adjuvant treatment, potentially improving clinical
outcomes in the management of GB patients.

Patients and methods

This retrospective study included patients diag-
nosed with GB who underwent treatment at the
radiation oncology department of our institution
between 2015 and 2022. Inclusion criteria encom-
passed patients aged > 18 years who underwent
surgical resection, received radiotherapy with
a total dose of 60 Gy delivered using intensity-
modulated radiotherapy (IMRT) with volumetric
modulated arc therapy (VMAT), and were admin-
istered concurrent TMZ. Patients were re-clas-
sified according to the 2021 WHO classification,
and those previously diagnosed with IDH mu-
tant GB were excluded from the study. Exclusion
criteria included patients who underwent biopsy
only, had an Eastern Cooperative Oncology Group

(ECOG) performance status > 1, or presented with
multicentric tumors. Patients with an ECOG per-
formance status > 1 were excluded due to their ten-
dency to start treatment earlier, which could bias
the survival analysis. This study was approved by
the Institutional Review Board (no: 2022/12-18).

All patients underwent surgical resection. The
extent of resection was categorized as gross-total
resection (GTR) or subtotal resection (STR) based
on the neurosurgeon’s assessment and, when
available, brain magnetic resonance imaging
(MRI) performed within 72 hours postoperatively.
In the pathological examination of the cases, the
diagnosis was generally made with morphologi-
cal and immunohistochemical findings. Molecular
examinations were performed in the necessary
cases. Histopathological findings such as hyper-
cellularity, microvascular proliferation, increased
mitosis and palisaded necrosis were observed in
these glial tumors. No IDH-1 (R132) mutation was
observed in the tumors immunohistochemically.
All patients were evaluated with multiparamet-
ric MRI (contrast-enhanced brain MRI, diffusion
MR, perfusion MRI, and MR spectroscopy) in the
3rdi—4th weeks post-surgery, and the RT plan was
made. All patients received concurrent TMZ ac-
cording to the Stupp protocol.” Following the com-
pletion of CRT, suitable patients received adjuvant
TMZ monotherapy.

In the postoperative multiparametric MRI, the
contrast-enhanced area, operation cavity, and ar-
eas suspected of residual tumor were defined as
the gross tumor volume (GTV). According to our
clinic’s protocol, clinical target volumes (CTV)
were created with a 1 and 2 ¢m margin around
the GTV, named CTV1 and CTV2, respectively.
Planned target volumes (PTV) were then created
with a 2 mm margin, with PTV1 receiving 60 Gy
and PTV2 receiving 50 Gy RT in 30 fractions using
simultaneous boost with IMRT-VMAT.

Patients were followed up with regular mul-
tiparametric MRI scans for disease progres-
sion. Imaging was performed every 3 months
for the first 2 years and every 6 months thereaf-
ter. Progression was assessed according to the
Response Assessment in Neuro-Oncology (RANO)
criteria.® Patients who died without progression at
their last imaging were considered progression-
free.

The time interval between surgery and the ra-
diotherapy was defined as the duration from the
date of surgery to the first day of radiotherapy.
This time was evaluated by separating it according
to the 42 day based on data from other studies
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TABLE 1. Pafient characteristics
All patients < 42 days 2 42 days
(n=291) (n = 5¢) (n = 35)
Surgery to CRT, median _ _ _
(range), days 39 (18-98) days 34 (18-41) days 48 (42-98) days
Age, median (range), years 58 (22-79) 59 (22-77) 58 (27-79) p =0.798
Gender
Male 54 (59.3%) 31 (55.4%) 23 (65.7%) p =0.328
Female 37 (40.7%) 25 (44.6%) 12 (34.3%)
ECOG Score
0 63 (69.2%) 36 (64.3%) 27 (77.1%) =0.246
1 28 (31.8%) 20 (35.7%) 8 (12.9%) p=o
Extent of Surgery
GTR 64 (70.3%) 40 (71.4%) 24 (68.5%) p=0.816
STR 27 (29.7%) 16 (28.6%) 11 (31.5%)
Adjuvant temozolomide _ _ _ _
cycles, median 7 (2-18) cycles 7 (2-18) cycles 7 (3-15) cycles p =0.385
PTV volumes, mean 186.7 cm?® 187.8 cm? 185.2 cm?® p =0.888

CRT = chemoradiotherapy; ECOG = Eastern Cooperative Oncology Group; GTR = gross-total resection; PTV = planned target volume; STR = subtotal resection

and patients starting CRT after 42 days classified
as delayed. Since the number of patients starting
treatment before 28 days was too low, they were
not analyzed as a separate group.

Statistical analysis

OS was defined as the time from surgery to death,
while PFS was defined as the time from surgery
to progression. Statistical analyses were conducted
using IBM SPSS v.29. Continuous variables were
analyzed using the t-test, and categorical vari-
ables were analyzed using Pearson’s chi-square
test or Fisher’s exact test. Survival analysis was
performed using the Kaplan-Meier method and
log-rank test, while univariate and multivariate
analyses were conducted using Cox regression
analysis. A p-value < 0.05 was considered statisti-
cally significant.

Results
Patient characteristics

A total of 91 patients who met the inclusion cri-
teria were included in the study. The median age
was 58 years (22-79). Postoperative CRT started at
a median of 39 days (18-98). All patients received
concurrent TMZ; however, 10 patients could not
complete concurrent TMZ due to side effects. After
CRT, patients received a median of 7 cycles (2-18)
of adjuvant TMZ. Four patients could not receive
adjuvant TMZ due to toxicity. The demographic
and treatment characteristics of the patients are
presented in Table 1.
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In the group starting treatment on time, the
median interval between surgery and RT was 34
days, whereas it was 48 days in the delayed group.
No differences were observed between the patient
groups in terms of age, extent of surgery, perfor-
mance score, number of adjuvant TMZ cycles, or
PTV volume (Table 1).

Survival analysis

The median OS and PFS of the entire group were
18.5 (95% CI: 15.4-20.5) and 13 months, respec-
tively. According to the surgery-RT interval, the
median OS for the regular and delayed groups
was 18 (95% CI: 13.8-22.2) and 19 (95% ClI: 9.7-28.3)
months, PFS was 11.8 (95% CI: 8.4-13.6) and 14.6
(95% CI: 8.6-19.4) months, respectively. One-year
OS rates were 75% (95% CI: 66.1-83.9) and 71% (95%
CL: 61.7-80.3) for the regular and delayed groups,
while PFS rates were 45% (95% CI: 34.8-55.2) and
58% (95% CI: 479-68.1), respectively (Figure 1).
Although delayed patients showed better PFS, no
statistically significant difference was found be-
tween the groups in terms of OS and PFS in both
univariate (UVA) and multivariate analyses (MVA)
[(in UVA: p = 0.161 HR:0.714 (95% CI: 0.446-1.143),
p = 0.076 HR: 0.652 (95% CI: 0.406-1.046); in MVA:
p = 0.060 HR:0.610 (95% CI:0.368-1.013), p = 0.071
HR:0.643 (95% CI:0.398-1.039)].

Other factors affecting OS in univariate analy-
sis included an ECOG performance score of 1 (p
=(.018, HR 1.783 [95% CI: 1.103-2.881]) and subto-
tal surgical resection (p < 0.001, HR 2.304 [95% CI:
1.422-3.733]), both associated with poor progno-
sis. Multivariate analysis confirmed performance
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FIGURE 1. Overall (A) and Progression Free Survival (B)

score (p =0.031, HR 1.791 [95% CI: 1.056-3.037]) and
surgical resection type (p <0.001, HR 2.921 [95% CI:
1.702-5.014]) as predictors of poor prognosis.

For PFS, univariate analysis identified an ECOG
performance score of 1 (p = 0.023, HR 1.805 [95%
CI: 1.026-2.846]) and subtotal surgical resection (p
= 0.007, HR 2.017 [95% CI: 1.219-3.337]) as predic-
tors of poor prognosis. Multivariate analysis con-
firmed performance score (p =0.038, HR 1.765 [95%
CI: 1.032-3.019]) and surgical resection type (p =
0.029, HR 1.793 [95% CI: 1.063-3.025]) as significant
factors. Prognostic factors affecting survival are
shown in Tables 2 and 3.

After progression, 50 patients (54.9%) received
second-line chemotherapy with Bevacizumab and
Irinotecan, 15 patients (16.5%) underwent re-sur-
gery, and 15 patients (16.5%) underwent re-irradi-
ation.

Subgroup analysis was also conducted based on
the extent of surgery. When patients were evalu-
ated according to the performance score, which
was identified as a factor influencing survival,
a performance score of zero was observed in 16
patients (59%) who underwent subtotal resection
(STR), whereas it was observed in 47 patients
(73%) who underwent gross total resection (GTR)
(p = 0.181). Patients undergoing STR had a median
OS and PFS of 12 (95% CI: 10-13.9) and 10.8 (95%
CI: 7.2-12.8) months for the regular group and 15
and 10.5 (95% CI: 5.1-14.9) months for the delayed
group, respectively. In patients undergoing GTR,
these durations were 23 (95% CI: 13.7-32.3) and 12
(95% CI: 7.5-14.6) months for the regular group and
20 (95% CI: 5.6-34.4) and 19 (95% CI: 8-27.9) months
for the delayed group. When the surgery to CRT
times were analyzed by surgical type, no signifi-
cant differences in OS and PFS were detected (OS:
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p = 0.068, HR 0.633 [9%5 CI: 0.387-1.034]; PES: p =
0.057, HR 0.625 [95% CI: 0.385-1.015]).

Discussion

Glioblastoma is the most common primary brain
tumor in adults, with low survival rates due to its
aggressive nature. Numerous factors affect the
survival in patients diagnosed with GB. Therefore,
in our study, only patients with good performance
were included, and patients diagnosed with IDH
mutant GB according to former WHO classifica-
tion but known to have a better prognosis were
excluded. Additionally, there was no significant
difference between the groups in terms of age and
extent of surgical resection.

Due to the aggressive nature of glioblastomas,
many centers aim to start adjuvant therapy soon
after surgery. Several studies support that delayed
adjuvant therapy reduces survival. Early studies,
such as that by Burnet et al., reported a significant
decrease in median survival with delayed RT”
Similarly, Irwin et al. suggested that each week
of delay in RT could reduce survival by 8.9%.1°
However, these studies, which were performed
before the TMZ era, have limitations, including
limited use of concurrent chemotherapy, presence
of grade 3 astrocytomas among patients and the
delivery of RT doses below 60 Gy, which may not
reflect current treatment paradigms.

Conversely, some studies have argued that
shorter surgery-to-RT intervals reduce survival.
An analysis of 16 RTOG trials involving 2855 pa-
tients in 2009 found that starting RT after four
weeks significantly improved survival, while
starting RT within two weeks reduced survival.!
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TABLE 2. Univariate and multivariate Cox regression analysis for overall survival

at gli na patients

Univariate analyse

Multivariate analyse

HR (95% CI) p value HR (95% CI) p value
Age
<55 REF 0.284 REF 0.076
> 55 1.284 (0.812-2.031) 1.535 (0.957-2.462) :
Gender
Male REF 0.560 REF 0.430
Female 0.874 (0.555-1.375 0.819 (0.498-1.345
ECOG score
0 REF 0.018 REF 0.031
1 1.783 (1.103-2.881 1.791 (1.056-3.037)
Extent of Surgery
GTR REF <0.001 REF <0.001
STR 2.304 (1.422-3.733) 2.921 (1.702-5.014)
Surgery to CRT
< 42 days REF 0.161 REF 0.060
242 days 0.714 (0.446-1.143) 0.610 (0.368-1.013)

CRT = chemoradiotherapy; ECOG = Eastern Cooperative Oncology Group; GTR = gross-total resection; HR = hazard ratio; STR = subtotal resection

TABLE 3. Univariate and multivariate Cox regression analysis for progression free survival

Univariate Analyse

Multivariate Analyse

HR (95% CI) p value HR (95% CI) p value
Age
<55 REF 0.122 REF 0.141
> 55 0.700 (0.445-1.101) 0.701 (0.437-1.125)
Gender
Male REF 0.915 REF 0.839
Female 0.915 (0.638-1.611) 0.952 (0.591-1.534)
ECOG Score
0 REF 0.023 REF 0.038
1 1. 805 (1.026-2.84¢) 1.765 (1.032-3.019)
Extent of Surgery
GTR REF 0.007 REF 0.029
STR 2.017 (1.219-3.337) 1.793 (1.063-3.025)
Surgery to CRT
<42 days REF 0.076 REF 0.071
2 42 days 0.652 (0.406-1.046) 0.643 (0.398-1.039)

CRT = chemoradiotherapy; ECOG = Eastern Cooperative Oncology Group; GTR = gross-total resection; HR = hazard ratio; STR = subtotal resection

However, this study did not use standard concur-
rent chemotherapy, and the patients were treat-
ed over a long period of time from 1974 to 2003.
Therefore, the same group conducted a similar
study in 2016 with 1385 patients, including concur-
rent TMZ. In this study, patients were categorized
based on a four-week threshold, concluding that
the surgery-to-RT interval did not affect survival.
They attributed this to the use of concurrent TMZ,
which they suggested played a more critical role
than the surgery-to-RT interval and improved sur-
vival across all patient groups, making timing of
RT less significant.?

Contrary to this, Nathan et al,, in a study involv-
ing 2535 patients treated with the Stupp protocol,
found that starting RT earlier than four weeks re-
duced survival, while initiating RT between six to
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thirteen weeks did not affect survival.? However,
because this study was planned as a database anal-
ysis, characteristics such as performance status of
patients, extent of resection, tumor grade, and IDH
mutation were unclear.

Although many studies recommend starting
RT within 4-6 weeks after surgery, complications
following surgery and the need for increasing
immunohistochemical and molecular tests with
the new WHO classification system for defini-
tive diagnosis can prolong the surgery-to-RT in-
terval.’® Additionally, in middle- and low-income
countries, challenges in accessing radiotherapy
centers or delays in imaging tests can extend this
interval. In developed countries like the USA,
nearly half of the patients start treatment within
4-8 weeks, while very few start after eight weeks.1
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TABLE 4. Literature review of clinical impact of radiation delay following surgical resection
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Study Year Patients Cutoff points TMZ Median survival Results
7.8 mos in GB .
Irwin et al.1® 2007 172 2 wks - 14.9 mos for '”Creoéggg';kd%fiﬁ(f:;?vs’g’i‘?% for
astrocytoma
Noel et al.’® 2012 400 6 wks 67% 13.4 mos No differences in OS
Loureiro et al.”? 2015 115 6 wks 60% 13.5 vs. 14.2 mos No differences in OS
Sun et al.'é 2015 218 6 wks + 15.2 vs. 12.9 mos Worse OS in > 6 wks
Wang et al.?® 2016 447 3 wks 92% 12.3 vs. 15.3 mos Worse OS in < 3 wks
< 4is associated with a
Nathan et al.”? 2017 2535 4-6 wks + 21.3 vs. 26.6 vs. 27.6 mos 31% increased risk of death,
no difference between > 4 vs. > 6
Blumenthal et al.? 2018 1395 4 wks + 16 vs. 15.9 mos No differences in OS and PFS
. . No difference in OS and PFS among 3
2 —
Katsigiannis et al.?! 2019 151 28-33 days + 15 vs. 17.4 vs. 18.2 mos group, but worse OS with > 48 days
4-8 wks has better OS,

Buszek ef al.4 2020 45,942 4-8 wks 67% 13.9 vs. 15.2 vs. 14.6 mos In GTR, > 8 wks has worse OS,

In STR < 4 wks has worse OS

No differences in OS and PFS,
Ahn et al.22 2020 138 4 wks aF 15.5 vs. 14.5 mos IR STRS 4 werk [1es werse 68
Press et al.” 2020 30,414 0-8 wks N.A. 12.8 to 16.2 mos Wworse O in < 3 weeks

No difference beyond 5 wks
Zhang et al.’® 2020 66 6 wks + 26.6 vs. 15.7 mos Worse OS and PFS > 6 wks
Current study 2025 91 6 wks + 18 vs. 19 mos No differences in OS and PFS

GB = glioblastoma; GTR = gross-total resection; mos = months; N.A: = not available; OS = overall survival; PFS = progression-free survival; STR = subtotal resection; TMZ =

temozolomide; wks = weeks

Consequently, some patients begin treatment after
six weeks, raising concerns about their survival
outcomes.

Zhang et al. reported decreased overall and
progression-free survival in patients starting CRT
after six weeks, with median survival decreasing
from 26 months to 15 months.”® Yet, this study in-
cluded a limited number of late-starting patients,
most of whom were elderly, while the early-start-
ing group included IDH mutant patients, who
have better survival outcomes. Sun et al., using
The Cancer Genome Atlas (TCGA) data, found
that early commencement of RT did not affect sur-
vival, but starting RT after six weeks significantly
reduced survival!® In contrast, Press et al., using
the National Cancer Database (NCDB) with 30
414 GB patients, reported that starting treatment
after five weeks did not alter overall survival.”
However, because both trials relied on databases,
there is a possibility of bias in patient selection.
The RPA classification was employed in the Press
et al. investigation, but additional variables that in-
fluence survival such as IDH mutation or extent of
surgery, could not be assessed.

Several hypotheses have been proposed to ex-
plain the reduced survival with early postopera-
tive RT. The most plausible is postoperative hypox-
ia. Hypoxia leads to increased expression of HIF-
la, which upregulates genes involved in tumor
progression.?? Reduced blood flow to the residual
tumor and surgical cavity postoperatively creates a
hypoxic environment, which increases radioresist-
ance.?* Initiating RT before blood flow improves
may reduce treatment efficacy. Additionally, the
surgical cavity shrinks significantly within the
first four weeks post-surgery.?>?* A larger cavity
in the early postoperative period can increase RT
volumes and the volume of brain tissue receiving
high-dose radiation. Animal models have shown
that irradiation in the second postoperative week
causes greater brain damage.?” This brain damage
may delay patient recovery and reduce survival.
Furthermore, clinicians may be inclined to expe-
dite treatment in STR/biopsy cases or patients with
poor performance scores, which could contribute
to poorer survival outcomes due to the inclusion
of worse-prognosis patients in the early-treatment
group.?

Radiol Oncol 2025; 59(2): 244-251.
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The prolongation of the interval between sur-
gery and RT in patients with STR remains another
controversial issue. It is not known at what stage
the prolongation of treatment will cause problems
in patients who underwent STR. There are very
few studies have addressed this matter. Ahn et al.,
in their study evaluating the impact of the surgery-
to-RT interval on survival, reported that patients
with partial resection who initiated treatment
within four weeks had better survival, whereas no
significant difference was observed in those who
underwent gross total resection.? In our study, the
extension of the surgery to CRT period beyond six
weeks based on the extent of surgery was evalu-
ated, and no difference in survival was observed.
However, it should be noted that this result may
be misleading due to the small number of patients
who underwent STR.

This study has some limitations. The retrospec-
tive nature of the study might have affected the re-
sults. The major limitation of study is the absence
of MGMT status of patients. Apart from this, since
the aim of our clinicis to start the treatment within
4-6 weeks, the number of patients with delayed
CRT is low and this may underpower our analy-
sis. In addition, the study evaluated only patients
with good performance, which may not reflect the
entire patient population well. But the literature
reports that the percentage of patients with an
ECOG score of 2 or higher ranges between 20-35%,
so, we consider this a minor limitation in general-
izing our findings to the entire population.?”’

As seen, the impact of the surgery-to-RT inter-
val on survival has been debated for years with
conflicting results (Table 4). Several large patient
studies have evaluated this interval, but some re-
lied on national databases where patient and treat-
ment characteristics were not homogeneous or did
not account for molecular features. While some of
the studies included grade 3 astrocytoma, the ma-
jority of them did not take into account IDH sta-
tus and poor performance score. Our study differs
from others in that it excluded individuals with
IDH mutations or low performance scores.

In conclusion, our study found that delays
in adjuvant CRT did not affect either OS or PFS.
Performance score and the type of surgical resec-
tion were identified as the most critical prognostic
factors for survival. Despite being a highly aggres-
sive tumor, the interval between surgery to CRT in
GB patients with good performance status may be
negligible. However, further studies are needed to
evaluate the effects of delayed adjuvant therapy in
patients with subtotal resections.

Radiol Oncol 2025; 59(2): 244-251.

ma patients

Acknowledgments

We would like to thank Dr. Siimeyye Ekmekgi, for
her valuable assistance in providing pathology-
related information and support during this study.

References

1. Price M, Ballard C, Benedetti J, Neff C, Cioffi G, Waite KA, et al. CBTRUS
statistical report: primary brain and other central nervous system tumors
diagnosed in the United States in 2017-2021. Neuro Oncol 2024; 26(Suppl
6): vi1—-85. doi: 10.1093/neuonc/noael45

2. Blumenthal DT, Won M, Mehta MP, Gilbert MR, Brown PD, Bokstein F, et al.
Short delay in initiation of radiotherapy for patients with glioblastoma-effect
of concurrent chemotherapy: a secondary analysis from the NRG Oncology/
Radiation Therapy Oncology Group database. Neuro Oncol 2018; 20: 966-
74. doi: 10.1093/neuonc/noy017

3. Waqar M, Trifiletti DM, McBain C, O’Connor J, Coope DJ, Akkari L, et al. Early
therapeutic interventions for newly diagnosed glioblastoma: rationale and
review of the literature. Curr Oncol Rep 2022; 24: 311-24. doi: 10.1007/
$11912-021-01157-0

4. Buszek SM, Al Feghali KA, Elhalawani H, Chevli N, Allen PK, Chung C. Optimal
timing of radiotherapy following gross total or subtotal resection of glioblas-
toma: a real-world assessment using the National Cancer Database. Sci Rep
2020; 10: 4926. doi: 10.1038/s41598-020-61701-z.

5. Zur |, Tzuk-Shina T, Guriel M, Eran A, Kaidar-Person O. Survival impact of
the time gap between surgery and chemo-radiotherapy in Glioblastoma
patients. Sci Rep 2020; 10: 9595. doi: 10.1038/s41598-020-66608-3.

6. LiYM, Suki D, Hess K, Sawaya R. The influence of maximum safe resection of
glioblastoma on survival in 1229 patients: Can we do better than gross-total
resection? J Neurosurg 2016; 124: 977-88. doi: 10.3171/2015.5.JNS142087

7. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MIJB, et
al. Radiotherapy plus concomitant and adjuvant temozolomide for glioblas-
toma. N EnglJ Med 2005; 352: 987-96. doi: 10.1056/NEJM0a043330

8. Wen PY, van den Bent M, Youssef G, Cloughesy TF, Ellingson BM, Weller
M, et al. RANO 2.0: Update to the response assessment in neuro-oncology
criteria for high- and low-grade gliomas in adults. J Clin Oncol 2023; 41:
5187-99. doi: 10.1200/JC0.23.01059

9. Burnet NG, Jena R, Jefferies SJ, Stenning SP, Kirkby NF. Mathematical mod-
elling of survival of glioblastoma patients suggests a role for radiotherapy
dose escalation and predicts poorer outcome after delay to start treatment.
Clin Oncol (R Coll Radiol) 2006; 18: 93-103. doi: 10.1016/j.clon.2005.08.017

10. Irwin C, Hunn M, Purdie G, Hamilton D. Delay in radiotherapy shortens
survival in patients with high grade glioma. J Neurooncol 2007; 85: 339-43.
doi: 10.1007/5s11060-007-9426-z.

11. Blumenthal DT, Won M, Mehta MP, Curran WJ, Souhami L, Michalski JM,
et al. Short delay in initiation of radiotherapy may not affect outcome of
patients with glioblastoma: a secondary analysis from the radiation ther-
apy oncology group database. J Clin Oncol 2009; 27: 733-9. doi: 10.1200/
JCO.2008.18.9035.

12. Nathan JK, Brezzell AL, Kim MM, Leung D, Wilkinson DA, Hervey-Jumper SL.
Early initiation of chemoradiation following index craniotomy is associated
with decreased survival in high-grade glioma. J Neurooncol 2017; 135: 325-
33. doi: 10.1007/5s11060-017-2577-7

13. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al.
The 2021 WHO Classification of Tumors of the Central Nervous System: a
summary. Neuro Oncol 2021; 23: 1231-51. doi: 10.1093/neuonc/noab106

14. Sharma M, McKenzie GW, Gaskins J, Yusuf M, Woo S, Mistry AM, et al.
Demographic variations and time to initiation of adjunct treatment fol-
lowing surgical resection of anaplastic astrocytoma in the United States: a
National Cancer Database analysis. J Neurooncol 2023; 162: 199-210. doi:
10.1007/s11060-023-04286-7

15. Zhang M, Xu F, Ni W, Qi W, Cao W, Xu C, et al. Survival impact of delaying
postoperative chemoradiotherapy in newly-diagnosed glioblastoma pa-
tients. Transl Cancer Res 2020; 9: 5450-8. doi: 10.21037/tcr-20-1119



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Semiz V et al. / Impact of delay in chemoradiotherapy after surgery on impact outcomes at glioblastoma patients

Sun Mz, Oh T, lvan ME, Clark AJ, Safaee M, Sayegh ET, et al. Survival
impact of time to initiation of chemoradiotherapy after resection of
newly diagnosed glioblastoma. J Neurosurg 2015; 122: 1144-50. doi:
10.3171/2014.9.JNS14193

Press RH, Shafer SL, Jiang R, Buchwald ZS, Abugideiri M, Tian S, et al.
Optimal timing of chemoradiotherapy after surgical resection of glioblas-
toma: stratification by validated prognostic classification. Cancer 2020; 126:
3255-64. doi: 10.1002/cncr.32797.

Noel G, Huchet A, Feuvret L, Maire JP, Verrelle P, Le Rhun E, et al. Waiting
times before initiation of radiotherapy might not affect outcomes for pa-
tients with glioblastoma: a French retrospective analysis of patients treated
in the era of concomitant temozolomide and radiotherapy. J Neurooncol
2012; 109: 167-75. doi: 10.1007/s11060-012-0883-7.

Loureiro LVM, Pontes Lde B, Callegaro-Filho D, Koch Lde O, Weltman
E, Victor Eda S, et al. Waiting time to radiotherapy as a prognostic fac-
tor for glioblastoma patients in a scenario of medical disparities. Arg
Neuropsiquiatr 2015; 73: 104-10. doi: 10.1590/0004-282X20140202

Wang TJC, Jani A, Estrada JP, Ung TH, Chow DS, Soun JE, et al. Timing of ad-
juvant radiotherapy in glioblastoma patients: a single-institution experience
with more than 400 patients. Neurosurgery 2016; 78: 676-82. doi: 10.1227/
NEU.0000000000001036

Katsigiannis S, Krischek B, Barleanu S, Grau S, Galldiks N, Timmer M, et al.
Impact of time to initiation of radiotherapy on survival after resection of
newly diagnosed glioblastoma. Radiat Oncol 2019; 14: 73. doi: 10.1186/
$13014-019-1272-6.

Ahn S, Park JS, Song JH, Jeun SS, Hong YK. Effect of a time delay for con-
comitant chemoradiation after surgery for newly diagnosed glioblastoma:
A single-institution study with subgroup analysis according to the extent
of tumor resection. World Neurosurg 2020; 133: e640-5. doi: 10.1016/j.
wneu.2019.09.122

Domeénech M, Hernandez A, Plaja A, Martinez-Balibrea E, Balafa C.
Hypoxia: The cornerstone of glioblastoma. Int J Mol Sci 2021; 22: 12608. doi:
10.3390/ijms222212245

Murray D, Mirzayans R, Scott AL, Allalunis-Turner MJ. Influence of oxygen
on the radiosensitivity of human glioma cell lines. Am J Clin Oncol 2003; 26:
€169-77. doi: 10.1097/01.coc.0000091359.11281.f4

Atalar B, Choi CYH, Harsh GR, Chang SD, Gibbs IC, Adler JR, et al. Cavity
volume dynamics after resection of brain metastases and timing of pos-
tresection cavity stereotactic radiosurgery. Neurosurgery 2013; 72: 180-5;
discussion 185. doi: 10.1227/NEU.0b013e31827b99f3

Champ CE, Siglin J, Mishra MV, Shen X, Werner-Wasik M, Andrews DW, et
al. Evaluating changes in radiation treatment volumes from post-operative
to same-day planning MRI in High-grade gliomas. Radiat Oncol 2012; 7: 220.
doi: 10.1186/1748-717x-7-220.

Peker S, Abacioglu U, Sun |, Yuksel M, Pamir MN. Irradiation after surgically
induced brain injury in the rat: timing in relation to severity of radiation
damage. J Neurooncol 2004; 70: 17-21. doi: 10.1023/b:neon.0000040820.7
8643.0a

Randolph DM, McTyre ER, Paulsson AK, Holmes JA, Hinson WH, Lesser GJ,
et al. Impact of timing of radiotherapy in patients with newly diagnosed
glioblastoma. Clin Neurol Neurosurg 2016; 151: 73-8. doi: 10.1016/j.
clineuro.2016.10.012

Gallego Pérez-Larraya J, Ducray F. Treating glioblastoma patients with
poor performance status: where do we go from here? CNS Oncol 2014;
3: 231-41. doi: 10.2217/cns.14.20. Erratum in: CNS Oncol 2014; 3: 378.
doi:10.2217/cns.14.20

Radiol Oncol 2025; 59(2): 244-251.

251



