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Abstract

Background and purpose: Glioblastoma is the most common malignant primary brain tumor. The current
standard therapy consists of surgical resection followed by concurrent chemoradiotherapy (CCRT) and adjuvant
chemotherapy using temozolomide (TMZ). Treatment is typically initiated within 4 to 6 weeks. We aimed to investigate
the effect of the time to CCRT initiation in a cohort of patients with glioblastoma.

Materials and methods: All adult patients with glioblastoma treated at the King Fahad Medical City (KFMC)
between January 2008 and May 2016 were included. The time to CCRT initiation was defined as the time interval
between surgery and the commencement of CCRT.

Results: A total of 115 patients were diagnosed with glioblastoma during the study period; of these, 99 patients
were eligible for analysis. The median time to CCRT initiation was 5.1 weeks. Twenty-one percent of patients
received CCRT within four weeks after surgery, 32% between 4 and 6 weeks after surgery, and around 47% >6
Weeks after surgery. The median progression- free survival (PFS) of these groups was 11.2 months, 7.6 months,
and 9.2 months, respectively; their median overall survival (OS) was 25 months, 16.9 months, and 20.1 months, resp-
-ectively. However, in the multivariate analysis, the time to initiation of CCRT did not show a significant association
with OS.

Conclusion: In our study, the time to the initiation of CCRT did not have an impact on the survival outcome.
Prospective studies are needed to define the optimal timing of CCRT after surgical resection in patients with

glioblastoma.
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Introduction

Glioblastoma is the most common and most malignant primary
brain tumor in adults. Despite advances in modern surgical and
adjuvant therapies, glioblastoma remains a challenging disease entity.
The standard of care in patients with these tumors includes maximal
surgical resection, followed by radiotherapy (RT) with concomitant
and adjuvant temozolomide (TMZ). The addition of TMZ to RT
has increased both median survival (from 12.1 months to 14.6
months) and the 2- year survival rate (from 10% to 26%) in patients
with glioblastoma [1]. Although different prognostic groups can
be distinguished (e.g., by using the recursive partitioning analysis
classification developed by the Radiation Therapy Oncology Group
consortium), the overall prognosis of glioblastoma remains poor [2-4].
Studies have demonstrated a negative effect of delayed RT or prolonged
treatment duration, mostly in head and neck squamous cell carcinoma
and lung cancer, but also in breast and prostate cancer [5-7]. Thus, the
presence of a treatment- related time factor in aggressively proliferating
glioblastoma is likely; however, evidence on the effect of the overall
duration of chemoradiotherapy on clinical outcomes has been limited
and inconclusive [8-10]. In the context of glioblastoma, the association
between delaying CCRT and the outcome is less clear, though some
studies have demonstrated an association between a delay in CCRT and
poor survival [11-13]. Therefore, this retrospective analysis aimed to
investigate the effect of the time to therapy initiation in a contemporary

cohort of patients with glioblastoma treated with RT and concomitant
adjuvant TMZ in Saudi Arabia.

Materials and Methods

Patients and data collection

We conducted a single- center retrospective cohort study at the
Comprehensive Cancer Centre of the King Fahad Medical City (KFMC)
in Riyadh, Saudi Arabia. All adult patients (> 18 years old) who were
diagnosed with histologically confirmed glioblastoma between January
2008 and June 2016 (identified in the pathology database of the
KFMC) and who received concurrent chemoradiotherapy (CCRT)
were included. Data were obtained from patient charts and electronic
medical records. A data collection form was developed to collect data
on patient demographics, pathology, details of RT and chemotherapy,
as well as progression and survival outcomes.

The study proposal was approved by the Institutional Review
Board of the KFMC. The work described herein has been carried out in
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accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki). Informed patient consent was not required
because of the study’s retrospective design.

Measures and definitions

The time for therapy initiation was defined as the time interval
between definitive surgery and the commencement of RT and
concurrent TMZ. Progression- free survival (PFS) was defined as
the time from the histological diagnosis of glioblastoma until first
progression or death, whichever occurred first. If neither event was
observed, the patient was censored at the date of the last follow-up
examination. Similarly, overall survival (OS) was defined as the time
from the histological diagnosis of glioblastoma to the date of death of
any cause. Patients who were not reported dead or lost to follow-up
were censored at the date of the last follow-up examination.

Statistical Analyses

The patients were classified by time intervals, based on the time to
CCRT initiation after surgery. Specifically, the intervals of <4 weeks,
4-6 weeks, and >6 weeks were selected, based on the distribution
of the intervals in percentiles (25th, 50th, and 75th, respectively).
Generally, the data were summarized as means, medians (minimum,
25th and 75th percentiles, and maximum) and standard deviations for
continuous variables and frequency with percentages for categorical
variables. OS and PFS were estimated using the Kaplan-Meier
method. Univariate analyses were performed using the log-rank test,
and multivariate analyses were performed with the Cox proportional
hazards model. SPSS (version 22; IBM Inc., Armonk, NY, USA) was
used for all statistical analyses.

Results

A total of 115 patients were newly diagnosed with glioblastoma
between January 2008 and June 2016. Of these, 99 were eligible to be
enrolled. Sixteen patients were excluded because they were not treated
with CCRT (n =9), did not have histologically proven glioblastoma (n
=5), or were <18 years old (n = 2). All eligible patients received CCRT,
with a median time from surgical intervention to the start of CCRT of

5.1 weeks (range, 1.4-12.8 weeks). The patients were grouped according
to the time to radiotherapy initiation. A total of 21 patients (21.2%)
started CCRT within 4 weeks after surgery, 32 (32.2%) 4-6 weeks
after surgery, and 46 (46.5%) >6 weeks after surgery. The baseline and
clinical characteristics of the patients are shown in Table 1.

The median PFS of the patients in these groups was 11.2 months,
7.6 months, and 9.2 months respectively; their median OS was 25
months, 16.9 months, and 20.1 months, respectively (Figures 1 and
2). Multivariate Cox regression analysis, adjusted for age, sex, Eastern
Cooperative Oncology Group (ECOG) performance status (PS), the
presence of comorbidities, surgical status, and adjuvant chemotherapy
showed no difference in OS between the groups (Table 2). In the
multivariate analysis, better survival was associated with receiving
adjuvant TMZ and a good ECOG PS. Worse survival was associated
with an ECOG PS >2, the presence of comorbidities, and residual
disease (Table 3).

Discussion

Robust results on the effect of the time to chemoradiotherapy
initiation after surgery on clinical outcomes exist for carcinoma of the
breast as well as head and neck cancer; the optimal interval between
surgery and the first RT session in breast cancer is 8 weeks [14-16].
In head and neck cancers treated with primary surgery, most studies
reported a higher probability of locoregional recurrence in patients
treated with RT or chemoradiotherapy that was initiated >6 weeks
after the surgical intervention [17]. However, current data on the
effect of the time to CCRT initiation on the outcomes of patients with
glioblastoma are limited and conflicting [8]. The effect of the time
interval between surgery and the initiation of chemoradiotherapy in
glioblastoma has been studied in some retrospective analyses. The lack
of an effect of the time interval between surgery and CCRT initiation in
our data is in line with some other clinical studies. Several retrospective
datasets have shown no effect of this time interval on outcomes in
patients with glioblastoma [10,18,19]. Moreover, Blumenthal et al.
not only found that a treatment delay was not associated with worse
survival but also that the group with the longest delay had the best
outcome [10]. In contrast, a study by Irwin et al. showed that the risk

<4 weeks 4-6 weeks >6 weeks
(n=21) (n=32) (n = 46)
n % n % n %
Median 51 47 49
Age, years
265 4 19 2 6.3 9 19.5
s Male 13 61.9 20 62.5 38 82.6
ex
Female 8 38.1 12 37.5 8 17.4
<2 15 71.4 21 65.6 36 78.2
ECOG PS
22 6 28.5 11 34.6 10 217
o Yes 7 33.3 11 34.3 19 413
Comorbidities

No 14 66.6 21 65.6 27 58.7

Any resection 16 76.2 31 96.8 41 89.1
Surgical status Gross resection 3 14.3 6 18.7 5 10.9
Biopsy only 5 23.8 1 3.1 5 10.9
Adjuvant Yes 18 85.7 26 81.3 33 7.7
Chemotherapy No 3 14.2 6 18.7 13 28
Methylated 0 0 4 125 5 10.8

MGMT status Unmethylated 0 0 3 9.4 4 8.6
Unknown 21 100 25 78.1 37 80.4

ECOG: Eastern Cooperative Oncology Group; MGMT: O6-methylguanine-DNA-methyltransferase; PS: performance status.

Table 1: Baseline and clinical characteristics of the patients.
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(n=99)
Adjusted multivariate analysis* HR 95% ClI P value
4-6 weeks Reference
<4 weeks 1.29 0.75-2.23 0.36
>6 weeks 0.76 0.39-1.47 0.42

*Multivariate Cox regression adjusted for age; sex, Eastern Cooperative Oncology
Group (ECOG) performance status; presence of comorbidities; surgical status;
adjuvant chemotherapy. Cl: confidence interval; HR: hazard ratio.

Table 2: Multivariate analysis of the association between the time to concurrent
chemoradiotherapy initiation and overall survival.

of death (as measured by the hazard ratio) increased by 2% for each
day and by 8.9% for every week the initiation of RT was delayed [13].
To the best of our knowledge, the data presented here are the first to

analyze the effect of the time interval between surgery and CCRT on
the treatment outcomes of patients with glioblastoma in Saudi Arabia;
moreover, this is one of only few studies that examined this question
in a clinical and real-life setting. In this study, we showed that the time
to the initiation of CCRT after surgery did not significantly affect the
patients’ outcomes. There are certain limitations to the current study,
mainly arising from its retrospective design, the relatively small sample
size, the use of data from a single center, and the scarcity of molecular
marker data such as MGMT methylation and IDH mutation status.
The evidence on the effect of the timing of CCRT on survival outcomes
in this study is exclusively retrospective, and there may have been a bias
in the clinician’s decisions to rush patients who were likely to do poorly
with early adjuvant therapy. In conclusion, the present study showed
no statistically significant effect of the time to the initiation of CCRT
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ECOG PS HR
<2 0.51
>2
Comorbidities
Yes
No
Gross resection
No 2.24
Yes
Adjuvant chemotherapy
Yes 0.5
No

95% Cl
0.30-0.86

P value
0.013

1.08-2.87 0.023

1.09-4.59 0.027

0.28-0.92 0.025

Table 3: The multivariate analysis of the prognostic factors in patients with
glioblastoma.

Cl: confidence interval; ECOG: Eastern Cooperative Oncology Group; HR: hazard
ratio; PS: performance status.

on PFS and OS in patients with glioblastoma. Prospective studies are needed to
define the optimal timing of CCRT after surgical resection in patients with gliobla-
-stoma.
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