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Background: Maximal safe resection followed by adjuvant chemoradiotherapy (CRT) with temozolomide
(TMZ) is the standard treatment for newly diagnosed glioblastoma multiforme (GBM) patients. Time
of initiation of postoperative adjuvant therapy has been demonstrated to impact on prognosis. For GBM
patients, the optimal interval between definitive surgery and CRT is still uncertain. Current study aims to
find whether the delayed initiation of CRT after surgery has a negative impact on patients’ outcome.
Methods: Sixty-six consecutively patients with newly-diagnosed GBM treated with surgery and adjuvant
CRT from April 2014 to September 2019 at Ruijin Hospital School of Medicine Shanghai Jiaotong
University were retrospectively reviewed. The impact of postoperative time from surgery to adjuvant
treatment on patient’s overall survival (OS) and progression-free survival (PFS) were evaluated by univariate
Log-rank test and multivariate Cox regression analysis. Factors including age, Karnofsky performance status
(KPS), maximum diameter of primary tumor, extent of resection, isocitrate dehydrogenase (IDH) mutation
status and O6-methylguanine-DNA-methyltransferase (MGMT) promoter methylation status were also
analyzed in Cox regression model.

Results: The median OS for patients who started CRT less than 6 weeks (n=48) and more than 6 weeks
(n=18) were 26.6 months (95% CI: 18.3-34.9) and 15.7 months (95% CI: 9.2-22.3) (P=0.001). The median
PFS for the short interval group was 16.3 months (95% CI: 14.7-18.0) and for the long interval group was
9.1 months (95% CI: 4.7-13.4) (P=0.006). On multivariate Cox regression analysis, high KPS and initiation
of CRT less than 6 weeks were two independent prognostic factors for better OS and PFS (all P<0.05).
Conclusions: Initiation of adjuvant CRT beyond 6 weeks contributed to worse survival in GBM patients,
therefore CRT should be initiated within 6 weeks after surgery.
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Introduction

Glioblastoma multiforme (GBM) is the most common
malignant brain tumor in adults. In 2005, the research
by Stupp and his colleagues brought significant advances
in treatment. Ever since then, maximum safe resection
followed by adjuvant chemoradiotherapy (CRT) with
temozolomide (TMZ) is the standard therapy for GBM (1).

© Translational Cancer Research. All rights reserved.

However, the survival time of GBM is still unsatisfactory,
which rarely exceeds 14 months (2,3).

Extensive studies have focused on the effort to optimize
the delivery of radiotherapy (RT), among which includes
the waiting time of initiation from surgery to adjuvant CRT.
Evidence of higher recurrence rates and worse outcomes

due to delayed initiation of postoperative treatment has
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already been demonstrated in other types of malignant
tumors such as breast (4-6), head and neck (6,7) and lung
cancer (7,8). From the radiobiological point of view,
the efficacy of RT decreases as the tumor size increases,
especially for highly proliferative tumors with rapid
growth such as GBM (9-13). It is suggested that longer
delay between surgery and postoperative treatment is a
detrimental factor for early tumor regrowth and associated
with poorer prognosis (14-16).

Up to now, the optimal interval between surgery and
CRT in GBM is still an open question and whether the
delay of initiation of CRT has adverse effect on patient’s
survival outcomes remains controversial. In some studies,
the expected detrimental impact of delayed initiation
of CRT was identified while others failed to find any
relationship between interval time and prognosis. Some
research even showed a beneficial effect of moderately
delayed RT on prognosis.

The aim of our study was to evaluate the impact of
delayed initiation of CRT on survival in newly diagnosed
GBM patients, also taking other prognostic factors
such as age, Karnofsky performance status (KPS),
maximum diameter of primary tumor, extent of resection,
isocitrate dehydrogenase (IDH) mutation status and
O6-methylguanine-DNA-methyltransferase (MGMT)
promoter methylation status into account (17-21).

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1718).

Methods
Study design and eligibility

We retrospectively analyzed all patients with newly
diagnosed GBM at Ruijin Hospital School of Medicine
Shanghai Jiaotong University from April 2014 to September
2019. All the enrolled patients underwent surgical resection
followed by the standard CRT and were histologically
proven GBM according to the 2016 WHO Classification of
Tumors of the Central Nervous System (CNCS). Patients
with unknown date of surgery or initiation of adjuvant CRT
were excluded. A total of 66 patients were included.

Patients and pretreatment evaluation

Electronic medical records were reviewed for patient
characteristics such as age, gender, KPS, maximum diameter
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of primary tumor, extent of resection and the interval
between surgery and CRT. Data of tumor molecular
markers including IDH mutation status and MGMT
promoter methylation status were also collected. All
information was anonymized. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the Ethics Committee of
Ruijin Hospital affiliated to Shanghai Jiao Tong University
School of Medicine (ID: 2020-192), and written informed
consent was not required because of the retrospective
nature of the study.

Treatment planning and delivery

All patients received radiation therapy (RT) and were
immobilized in the supine position with a tailored head-
thermoplastic mask, followed by a CT simulation at a
slice thickness of 3—5 mm. CT scans were fused with
contrast-enhanced MRI imaging within two weeks before
radiotherapy, and delineated slice-by-slice according to
EORTC or RTOG guidelines. The standard prescription
dose is 60 Gy (2 Gy per day from Monday to Friday). A
6-MV photon beam is provided by a Varian TrueBeam or
Elekta linear accelerator using a multi-leaf collimator.

Combined chemotherapy

All the enrolled patients received concurrent CRT with
TMZ. The TMZ regimen was continuous daily dosage
of 75 mg/m’/day for 7 days a week during the whole RT
period, and was followed by 6 cycles of adjuvant TMZ (150
to 200 mg/m’ for 5 days every 28 days).

Follow-up

Follow-up including a routine contrast-enhanced MRI to
the head was performed every 3 months or upon clinical
deterioration.

Statistical analysis

Continuous variables were described using median
and range while categorical variables by frequency and
percentage. Overall survival (OS) was defined as time
from surgery until death. Progression-free survival (PFS)
was defined as time from surgery until the diagnosis of
progression based on imaging or death.

The interval between surgery and CRT were classified
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into two groups: initiation of CRT <6 weeks and initiation
of CRT >6 weeks. Data from the two groups were
compared by using Chi-square test for categorical variables
and two-sample 7-test for continuous variables. P values of
less than 0.05 were considered significant. Kaplan-Meier
survival curves were constructed between the two CRT
interval groups using Log-rank test in univariate analysis.
Well-recognized prognostic factors including age, KPS,
maximum diameter of primary tumor, extent of resection,
IDH status and MGMT status as well as interval between
surgery and CRT were measured using univariate Cox
regression analysis. Time interval and other prognostic
factors with a P value less than 0.1 in univariate analysis
were then included in the multivariate Cox regression
model. Statistical analyses were conducted using SPSS 21.0
(IBM Corporation, Armonk, NY, USA).

Results

Patient characteristics were summarized in 7able 1. Among
the 66 enrolled patients, 45 (68.2%) were male and 21
(31.8%) were female, with a mean age of 55.7+12.8 years
and a median KPS of 80 (range, 50-90). The median
interval of initiation of CRT <6 weeks group was 4.4
(range, 1.4-6) weeks and 7.2 (range, 6.1-23.7) weeks for
the initiation of CRT >6 weeks group. No difference was
observed between the short interval and long interval group
in terms of gender, age, KPS, preoperative tumor size,
extent of resection, IDH status and MGMT status.

The median OS and PFS for all patients in our study
were 21.6 months (95% CI: 17.3-25.8) and 16.0 months
(95% CI: 14.1-17.8). The 1-, 2- and 3-year survival rates
were 88.9%, 37.2% and 14.0%, respectively. Median OS for
the short interval (<6 weeks) group was 26.6 months (95%
CI: 18.3-34.9) and for the long interval (>6 weeks) group
15.7 months (95% CI: 9.2-22.3) (P=0.001) (Figure I). For
PES, the short interval group was 16.3 months (95% CI:
14.7-18.0) compared to the long interval group 9.1 months
(95% CI: 4.7-13.4) (P=0.006) (Figure 2).

The univariate Cox regression analysis of well-
recognized prognostic factor’s influence on OS and PFS
were listed in Table 2 and Table 3. Initiation of CRT less
than 6 weeks suggested longer OS (HR: 4.34, 95% CI:
1.66-11.33, P=0.003) and PFS (HR: 3.16, 95% CI: 1.33—
7.49, P=0.009). There was a trend high KPS (P=0.060)
associated with better OS. For PFS, high KPS (P=0.008)
was identified as a beneficial factor.

In multivariate Cox regression analysis, we included all
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the variables from univariate analysis with a P value lower
than 0.1. High KPS and initiation of CRT less than 6 weeks
were independently associated with longer OS and PFS (all
P<0.05) (Table 2 and Table 3).

Discussion

This study was aimed to evaluate the impact of delayed
initiation of CRT on survival outcomes in GBM patients.
In our study, all the patients received a standard RT dose
of 60Gy with concurrent TMZ. Our results indicated
that initiation of CRT within 6 weeks was an independent
prognostic factor for longer OS and PFS.

We chose the cut-off point of 6 weeks since this was the
longest delay permitted in most GBM clinical trials (22).
Radiation oncologists are aware of a potential negative
impact of delays and thus avoid longer time intervals (23).
There was a tendency to begin postoperative RT within this
timeframe of 4-6 weeks (22,24). Within this period, most
research did not find impact of delayed initiation of CRT
on survival outcomes. However, prolonged delay beyond
6 weeks seemed to have a different result (25). In some
areas, a waiting time between surgery and CRT longer than
6 weeks is not uncommon due to lack of RT facilities and
patient’s poor illness perceptions (26). Our study suggested
this prolongation could lead to a worse outcome.

Mathematical modelling showed GBM is a highly
proliferative tumor with a doubling time of 24 days (10).
Late initiation of RT could lead to reduced radiosensitivity.
De Barros et al. compared preoperative, immediate
postoperative and preradiotherapy MRI images of
75 patients, among which 72% had an early tumor
regrowth (14). Patients with no early tumor growth had
a better OS than those with early tumor regrowth by
6.9 months. Villanueva-Meyer et al. also observed as many
as 48% patients had new or increased contrast enhancement
on MRI images during the waiting time of RT (15). Both
OS and PFS were shorter in those who developed early
tumor growth. The authors supposed slight increase in early
tumor progression rates within 3—6 weeks while progression
would increase in a significant manner with longer delays
beyond 6 weeks.

In line with our data, several reports demonstrated
delaying RT as a detrimental factor for survival. In a
single institutional research, Do et 4/. found the risk of
death increased by 2% for each day of waiting for RT in
high-grade glioma patients (27). In Irwin ez 4/.’s analysis
of 172 patients, every additional week of delay until the
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Table 1 Clinical characteristics of the 66 glioblastoma patients according to interval between surgery and CRT
Characteristics Total Interval <6 weeks, n=48 (72.7%) Interval >6 weeks, n=18 (27.3%) P value
Gender 0.450
Male 45 (68.2%) 34 (70.8%) 11 (61.1%)
Female 21 (31.8%) 14 (29.2%) 7 (38.9%)
Age 0.106
<50 21 (31.8%) 18 (37.5) 3 (16.7%)
>50 45 (68.2%) 30 (62.5%) 15 (83.3%)
KPS 0.541
>70 60 (90.9%) 43 (89.6%) 17 (94.4%)
<70 6 (9.1%) 5(10.4%) 1(5.6%)
Preoperative tumor size (diameter) 0.821
<6 cm 40 (60.6%) 29 (60.4%) 11 (61.1%)
>6 cm 16 (24.2%) 11 (22.9%) 5(27.8%)
Unknown 10 (15.2%) 8 (16.7%) 2(11.1%)
Extent of resection 0.147
Gross total resection 18 (27.3%) 14 (29.2%) 4 (22.2%)
Partial resection 41 (62.1%) 27 (56.3%) 14 (77.8%)
Biopsy only 7 (10.6%) 7 (14.6%) 0(0)
IDH status 0.465
Wild type 48 (72.7%) 33 (68.8%) 15 (83.3%)
Mutation type 8 (12.1%) 7 (14.6%) 1(5.6%)
Unknown 10 (15.2%) 8 (16.7%) 2 (11.1%)
MGMT promoter status 0.255
Methylated 14 (21.2%) 11 (22.9%) 3 (16.7%)
Unmethylated 26 (39.4%) 21 (43.8%) 5 (27.8%)
Unknown 26 (39.4%) 16 (33.3%) 10 (55.6%)

CRT, chemoradiotherapy; KPS, Karnofsky performance status; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA-

methyltransferase.

start of RT increased the risk of death by 8.9% and a
6 week delay in starting RT reduced median survival by
11 weeks (28). However, the major limitation of these two
studies was the inclusion of both grade III and grade IV
glioma patients, which was recognized to be with different
behaviors and survival outcomes. Another limitation was
the heterogeneous RT doses they delivered, which was also
known correlated with treatment efficacy. In our study, only
GBM patients were included and all the patients received
a total RT dose of 60 Gy with the same RT technique.

© Translational Cancer Research. All rights reserved.

Valduvieco ez al.’s study also showed a longer median OS
of 21.3 months in patients who started RT within 6 weeks
compared to those who initiated beyond 6 weeks with
only 14.1 months (22). Patients enrolled in this study all
underwent complete resection, which might restrict its
generalizability. Another limitation should be pointed out
was that TMZ was not used in all patients in this study.
Spratt er al. also suggested a negative effect of delaying
RT longer than 6 weeks in a cohort with known MGMT

status information (29). Sun et 4/. demonstrated initiation
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Figure 1 Kaplan-Meier overall survival of patients with initiation
of CRT <6 weeks and >6 weeks. CRT, chemoradiotherapy.

Table 2 Univariate and multivariate predictors of overall survival
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Figure 2 Kaplan-Meier progression-free survival of patients with
initiation of CRT <6 weeks and >6 weeks. CRT, chemoradiotherapy.

Univariate analysis

Multivariate analysis

Variables Subtype
HR 95% Cl P value HR 95% ClI P value
Age <50 1 (ref)
>50 0.60 0.22-1.62 0.312
KPS >70 1 (ref) 1 (ref)
<70 3.53 0.95-13.18 0.060 8.40 1.85-38.22 0.006
Preoperative tumor size (diameter) <6 cm 1 (ref)
>6 cm 1.61 0.59-4.40 0.357
Extent of resection Gross total resection 1 (ref)
Partial resection 0.68 0.19-2.43 0.553
Biopsy only 0.47 0.07-3.02 0.425
IDH status Mutation type 1 (ref)
Wild type 36.71 - 0.275
MGMT promoter status Methylated 1 (ref)
Unmethylated 41.35 - 0.668
Interval time between surgery and CRT <6 weeks 1 (ref) 1 (ref)
>6 weeks 4.34 1.66-11.33 0.003 6.64 2.20-20.04 0.001

CRT, chemoradiotherapy; KPS, Karnofsky performance status; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA-

methyltransferase; ref, reference.

of adjuvant RT beyond 6 weeks had a significant worsened
impact on OS. But one restriction should be raised in this

study was that some important confounding factors known

to impact outcomes such as KPS and extent of resection

were not contained (25). Pollom ez /. and Graus et al.
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declared the benefits in survival obtained with optimal

surgical resection may be reduced by prolonged initiation of

RT (26,30).

However, contradictory findings were reported in

multiple other research. A meta-analysis including 12
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Table 3 Univariate and multivariate predictors of progression-free survival
Univariate analysis Multivariate analysis
Variables Subtype
HR 95% CI P value HR 95% CI P value
Age <50 1 (ref)
>50 0.95 0.37-2.42 0.911
KPS >70 1 (ref) 1 (ref)
<70 4.80 1.50-15.40 0.008 7.49 2.17-25.86 0.001
Preoperative tumor size (diameter) <6 cm 1 (ref)
>6 cm 1.04 0.59-4.40 0.922
Extent of resection Gross total resection 1 (ref)
Partial resection 0.62 0.19-2.01 0.429
Biopsy only 1.18 0.28-4.92 0.820
IDH status Mutation type 1 (ref)
Wild type 5.36 0.68-42.17 0.111
MGMT promoter status Methylated 1 (ref)
Unmethylated 180.61 - 0.314
Interval time between surgery and CRT <6 weeks 1 (ref) 1 (ref)
>6 weeks 3.16 1.33-7.49 0.009 4.15 1.67-10.36 0.002

CRT, chemoradiotherapy; KPS, Karnofsky performance status; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA-

methyltransferase; ref, reference.

studies of 5,212 patients found no evidence of reduced
treatment outcomes caused by delayed initiation of RT (31).
In this meta-analysis, one single retrospective analysis of 16
RTOG randomized trails comprised 2,855 patients, almost
half of the cohort. Besides, the initiation of RT in this study
was restricted to within 6 weeks as an eligibility criterion.
In order to eliminate the bias caused by the high weight
(26%) of this study and time period restrictions, the authors
excluded those studies with limitations and reanalyzed the
data, but received similar main results. It was interesting to
note that this RTOG study even suggested a better survival
for patients who started RT longer than 4 weeks compared
to those who began RT within 2 weeks after surgery (32,33).
These unexpected findings might possibly be explained
by that postoperative RT is initiated more immediately
for patients with poor prognostic characteristics such as
low KPS, old age and undergoing biopsy only (30,32-34).
In early postoperative period, hypoxia and edema
surrounding the surgical bed could induce radioresistance.
Besides, expanded irradiated volume because of insufficient
shrinking of surgical cavity would lead to increased damage

© Translational Cancer Research. All rights reserved.

to normal brain tissue, associated with a worse clinical status
and poor survival (32,35). Animal experiments on rats also
indicated that early irradiation after surgery induced greater
brain injury (36). Another study based on the Clinformatics
Data Mart database also supported early initiation of
postoperative RT for high-grade glioma was not associated
with increased survival (24). Similar to the RTOG study,
starting RT within 4 weeks after surgery even demonstrated
a worse survival compared to initiation of 4-13 weeks later,
but not significant in multivariate analysis. In a single-
center analysis of pediatric population, Azizi et a/. identified
interval from surgery to RT not a significant risk factor (37).
Only 38 children were included in the study and the cut-
off point of RT initiation was 17 days, with only 9 children
starting RT beyond 28 days, much shorter than the
published data in adult cohorts. Thomson et 4l., Lai et al.
and Noel ez 4/. also failed to find any relationship between
delaying RT and survival rates for GBM patients (38-40).

In the era of TMZ, its significant additive effects in
combination with RT might render time initiation of RT as
a less important predictor of survival outcomes. Whether
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RT could be delayed in GBM patients still remained a
question difficult to answer. It seemed to be no detriment
when delaying standard CRT within 6 weeks time-frame.
But prolonged delay beyond 6 weeks should be avoided
probably.

There were several limitations in our study. First of
all, disadvantages such as selection and clinical data bias
were hard to avoid due to the retrospective nature of
our study. Prospective randomized clinical trials are still
needed to prove the effect of initiation of postoperative
CRT on survival, although ethical concerns might not
permit. Secondly, the sample of our cohort is small, and the
information of molecular markers including IDH status and
MGMT promoter methylation status was not available for
all patients. Prognostic factors such as extent of resection
and molecular markers were not proven influential on
survival in our cohort, probably due to the limitation
of small sample size. Thirdly, the reasons for delayed
initiation of CRT were not all collected in our research.
For example, among the 18 patients who started CRT
beyond 6 weeks in our study, as many as 10 patients were
from rural areas. These patients from rural areas started
CRT late because they didn’t return to the hospital timely
after surgery due to their poor disease cognition. When
disease of these patients progressed after standard CRT,
delay to seek treatment might still happen again, thus led
to poor survival. Besides, low education, poor economic
conditions and poor recovery from surgery might also
lead to delay of initiation of CRT, which was indicated
in our cohort. In our future studies, we would collect
more detailed clinical, social and economic data might
be associated with delay of CRT and explore which of
the delays could be avoided, thus improving the survival
outcomes of GBM patients.

Conclusions

Our data suggested initiation of postoperative CRT longer
than 6 weeks was associated with worsened survival in GBM
patients. Prolonged delay of CRT could lead to early tumor
regrowth and reduce the survival improvement brought by
maximal surgical resection. Thus we suggested CRT should
be initiated within 6 weeks after surgery.
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