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Randomized clinical trials have established the effi-
cacy of radiation and temozolomide chemotherapy 
for newly diagnosed glioblastoma.14,15 The stan-

dard of care for newly diagnosed glioblastoma consists 
of maximum safe resection of the tumor followed by ra-
diotherapy and concurrent temozolomide based on the re-
sults of a randomized Phase III trial reported by Stupp and 
colleagues in 2005.15 However, there is a paucity of data 

on the appropriate timing of chemoradiotherapy after sur-
gery. The Stupp trial included patients who initiated ther-
apy ranging from 1.7 to 10.7 weeks after diagnosis, with a 
median delay of 5 weeks.15

Given the aggressive nature of glioblastoma, radiother-
apy and temozolomide are often recommended to start at 
the shortest safe interval following resection. A window 
of 2–3 weeks following surgery is considered ideal, al-

abbreviatioNs CI = confidence interval; HR = hazard ratio; KPS = Karnofsky Performance Scale; OS = overall survival; PFS = progression-free survival; TCGA = The 
Cancer Genome Atlas.
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obJect There are few and conflicting reports on the effects of delayed initiation of chemoradiotherapy on the survival 
of patients with glioblastoma. The standard of care for newly diagnosed glioblastoma is concurrent radiotherapy and 
temozolomide chemotherapy after maximal safe resection; however, the optimal timing of such therapy is poorly defined. 
Given the lack of consensus in the literature, the authors performed a retrospective analysis of The Cancer Genome At-
las (TCGA) database to investigate the effect of time from surgery to initiation of therapy on survival in newly diagnosed 
glioblastoma.
methods Patients with primary glioblastoma diagnosed since 2005 and treated according to the standard of care 
were identified from TCGA database. Kaplan-Meier and multivariate Cox regression analyses were used to compare 
overall survival (OS) and progression-free survival (PFS) between groups stratified by postoperative delay to initiation of 
radiation treatment.
results There were 218 patients with newly diagnosed glioblastoma with known time to initiation of radiotherapy 
identified in the database. The median duration until therapy was 27 days. Delay to radiotherapy longer than the median 
was not associated with worse PFS (HR = 0.918, p = 0.680) or OS (HR = 1.135, p = 0.595) in multivariate analysis when 
controlling for age, sex, KPS score, and adjuvant chemotherapy. Patients in the highest and lowest quartiles for delay to 
therapy (≤ 20 days vs ≥ 36 days) did not statistically differ in PFS (p = 0.667) or OS (p = 0.124). The small subset of pa-
tients with particularly long delays (> 42 days) demonstrated worse OS (HR = 1.835, p = 0.019), but not PFS (p = 0.74).
coNclusioNs Modest delay in initiation of postoperative chemotherapy and radiation does not appear to be associ-
ated with worse PFS or OS in patients with newly diagnosed glioblastoma, while significant delay longer than 6 weeks 
may be associated with worse OS.
http://thejns.org/doi/abs/10.3171/2014.9.JNS14193
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lowing sufficient time for postoperative recovery without 
excessively delaying therapy. While there is no definitive 
evidence supporting this recommendation, mathematical 
modeling of the growth of residual tumor after surgery 
estimates a doubling time of 24 days without chemora-
diotherapy.2 Thus, there is a reasonable concern for tumor 
progression or recurrence before commencement of ther-
apy.

Despite the concerns regarding the delay until initiation 
of chemoradiotherapy for glioblastoma, there is little con-
clusive data available. Most of the published studies evalu-
ated patients treated prior to the modern era of concurrent 
temozolomide and radiotherapy, and showed that delay of 
radiation had varying effects on survival.1,4,9,10,16 There are 
only 2 studies that analyzed patients treated exclusively 
during the modern era, but they showed different findings. 
Noel et al. found that in a cohort of 400 patients in France 
there was no effect of delay to therapy on survival,12 while 
Graus et al. found in 396 patients in Spain that ≤ 42 days of 
delay was associated with better progression-free survival 
(PFS) but not overall survival (OS).6

To help clarify this issue, we conducted a retrospec-
tive analysis of a modern cohort of patients treated under 
the current standard of care. Patient data collected in The 
Cancer Genome Atlas (TCGA) database3 was used to as-
sess the impact of delay to therapy on survival for patients 
with newly diagnosed glioblastoma.

methods
patient selection

Patients with newly diagnosed glioblastoma treated 
during the modern era were identified from TCGA data-
base. Patients treated before 2005 or without concurrent 
radiation and temozolomide chemotherapy were excluded. 
The remaining patients undergoing resection and standard 
chemoradiotherapy with data available on the time to ra-
diation and OS were included in the study.

data extraction
For each patient the age, sex, preoperative Karnofsky 

Performance Scale (KPS) score, length of delay from sur-
gery to radiation, OS, and PFS were recorded. The use 
of additional primary or adjuvant chemotherapy was also 
recorded.

statistical analysis
The effect of each demographic factor on PFS and 

OS was analyzed by the Kaplan-Meier method with dif-
ferences assessed by a log-rank test. A multivariate Cox 
proportional hazards model was fitted by stepwise enter 
forward selection while accounting for potentially con-
founding variables, including sex, age, preoperative KPS 
score, and the use of additional chemotherapy. Age was 
treated as a continuous variable, while sex and use of ad-
ditional chemotherapy were treated as nominal variables. 
KPS score was defined as a dichotomous variable, with 
patients divided into groups of KPS score ≤ 70 or KPS 
score > 70. Means of continuous variables were analyzed 
using ANOVA, and categorical values were analyzed us-
ing the Pearson chi-square test. The Fisher exact test was 

used if the expected cell count in a contingency table was 
less than 5. All p values < 0.05 were considered statisti-
cally significant. These analyses were performed using the 
statistical software package SPSS (version 20, IBM Inc.).

A post hoc power analysis was performed to evaluate 
the results, utilizing a minimum power of 0.8 and a of 
0.05 to determine the necessary sample size to define a 
significant difference in outcomes.

results
patient demographics

There were 218 patients with newly diagnosed glioblas-
toma treated with standard of care chemotherapy and radi-
ation for whom time to initiation of therapy was available. 
This cohort included 140 men and 78 women, with a me-
dian age of 58 years (range 21–86 years). The median KPS 
score was 80 (range 20–100). Radiotherapy was delivered 
to all patients at a median dose of 60 Gy. All patients re-
ceived concurrent temozolomide chemotherapy, and addi-
tional chemotherapy was given at tumor recurrence to 74 
patients. The mean follow-up duration was 420 days.

Delay to therapy was defined as the time from surgery 
to the initiation of radiotherapy. The median delay was 27 
days, with a range of 7 to 232 days (Fig. 1). For statisti-
cal analysis, patients were stratified by length of delay to 
therapy relative to the median time to therapy. Addition-
ally, data were analyzed by grouping patients into quar-
tiles of delay to therapy, with the first quartile including 
all patients with delays up to 20 days, the second quartile 
including 21–27 days, the third quartile including 28–35 
days, and the fourth quartile including 36 days or longer. 
Patient demographics were compared between the strati-
fication groups. Patients with a delay to therapy longer or 
shorter than the median demonstrated no differences in 
age, male to female ratio, KPS score, or use of additional 
chemotherapy at tumor recurrence (Table 1). Comparing 

Fig. 1. Graph of the distribution of delay of adjuvant therapy. The dis-
tribution of 218 patients with newly diagnosed glioblastoma from TCGA 
with a known length of delay was plotted in a histogram. Each interval 
represents 10 days of delay, which is defined as the number of days to 
initiating radiation after surgery.
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the same parameters between patients stratified by quar-
tile of delay to therapy, there were also no significant dif-
ferences between patients in the first and fourth quartiles 
(Table 2).

progression-Free survival
The impact of delay to initiation of therapy on PFS 

was assessed univariately by comparing PFS in patients 
with delays shorter than or equal to the median (≤ 27 
days) to those patients with delays greater than the median 
(> 27 days) by Kaplan-Meier analysis (Fig. 2 left). Me-
dian PFS was 7.2 months (95% confidence interval [CI] 
5.5–8.9 months) in patients with a delay shorter than the 
median, as compared with 7.8 months (95% CI 5.5–10.0 
months) in patients with a delay longer than the median. 
The difference between the groups was not significant (p 
= 0.840). To evaluate the extremes of delayed therapy, PFS 
in patients in the shortest and longest quartiles of delay to 
therapy were compared (Fig. 2 right). Again, differences 
between the 2 groups were not significant, with a median 
PFS of 5.9 months (95% CI 4.6–7.1 months) in the short-

est quartile (≤ 20 days) compared with 7.4 months (95% 
CI 4.3–10.9 months) in the longest quartile (≥ 36 days) of 
delay (p = 0.667).

A multivariate Cox proportional hazards model was 
developed to evaluate the impact of delay to therapy while 
controlling for age, sex, KPS score, and use of additional 
chemotherapy at tumor recurrence (Table 3). Comparing 
groups with a delay to therapy greater than or less than the 
median, delay time was not found to be predictive of PFS, 
with a hazard ratio (HR) of 0.918 (95% CI 0.611–1.379, p 
= 0.680). Only KPS score was found to be an indepen-
dent predictor of outcome with an HR of 0.564 (95% CI 
0.333–0.956, p = 0.033) for preoperative KPS score > 70 
compared with ≤ 70.

A post hoc power analysis was performed to evalu-
ate the power of the data to evaluate differences in PFS. 
The baseline PFS of patients with a short delay to therapy 
was 7.2 months. A difference in PFS of 4 or more weeks 
among patients with a longer delay was defined as clini-
cally significant. Under these assumptions, a sample size 

table 1. patient demographics according to delay to treatment*
Treatment Delay

Category ≤27 Days >27 Days p Value

Total (n = 218) 113 105
Mean age  57.2 58.6 0.437
Sex
  Female 34 44 0.090
  Male 79 61
KPS Score
  ≤70 18 19 0.578
  >70 75 61
Chemotherapy after recurrence
  No 60 67 0.307
  Yes 41 33
Gliadel
  No 106 93 0.314
  Yes 3 6
Bevacizumab
  No 68 74 0.073
  Yes 41 25
Lomustine
  No 100 93 0.600
  Yes 9 6
Carmustine
  No 108 96 0.349
  Yes 1 3
Other adjuvants
  No 65 71 0.080
  Yes 44 28

*  Age, sex, postoperative KPS score, use of additional chemotherapy after 
tumor recurrence, and use of Gliadel, bevacizumab, lomustine, carmustine, 
and other adjuvant therapy were compared between those with shorter and 
longer than median delay (≤ 27 days vs > 27 days, respectively).

table 2. patient demographics according to quartile of delay to 
therapy*

Category
1st Quartile 
(≤20 days)

4th Quartile 
(≥36 days) p Value

Total (n = 108) 56 52
Mean age 58.6 59.0 0.866
Sex
  Female 16 18 0.539
  Male 40 34
KPS score
  ≤70 12 11 1.000
  >70 34 35
Chemotherapy after recurrence
  No 30 31 1.000
  Yes 18 17
Gliadel
  No 53 49 0.611
  Yes 1 2
Bevacizumab
  No 36 38 0.401
  Yes 18 13
Lomustine
  No 50 50 0.364
  Yes 4 1
Carmustine
  No 54 49 0.234
  Yes 0 2
Other adjuvants
  No 32 37 0.217
  Yes 22 14

*  Age, sex, postoperative KPS score, use of additional chemotherapy after 
tumor recurrence, and use of Gliadel, bevacizumab, lomustine, carmustine, 
and other adjuvant therapy were compared between those with first and fourth 
quartile of delay (≤ 20 days vs ≥ 36 days, respectively).
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of 216 patients would have a power of 80% to identify a 
clinically significant difference in PFS.

Although the intended analysis of PFS was to compare 
patients relative to the median delay in therapy, previous 
studies have suggested that significant delays of greater 
than 42 days (6 weeks) were associated with decreased 
survival.16 Therefore, PFS was also compared between pa-
tients with > 42 days delay to therapy and patients with ≤ 
42 days delay. There were no observed differences in PFS 
between groups when evaluated univariately (p = 0.61, 
log-rank test; Fig. 3 right) or multivariately (p = 0.74).

overall survival
The impact on OS of delay to initiation of therapy was 

assessed univariately by comparing OS in patients with 
delays shorter than or equal to the median (≤ 27 days) 
with patients with delays greater than the median (> 27 
days) by Kaplan-Meier analysis (Fig. 4 left). Median OS 
was 15.9 months (95% CI 13.5–18.3 months) in patients 
with a delay shorter than the median, as compared with 
14.9 months (95% CI 14.0–15.9 months) in patients with 
a delay longer than the median. The difference between 
the groups was not significant (p = 0.180). To evaluate the 
extremes of delayed therapy, OS in patients in the shortest 
and longest quartiles of delay to therapy were compared 
(Fig. 4 right). Again, differences between groups were not 
significant, with a median OS of 16.0 months (95% CI 
8.3–23.7 months) in the shortest quartile (≤ 20 days) com-
pared with 14.2 months (95% CI 12.1–16.4 months) in the 
longest quartile (≥ 36 days) of delay (p = 0.124).

A multivariate Cox proportional hazards model was 
developed to evaluate the impact of delay to therapy while 
controlling for age, sex, KPS score, and use of additional 
chemotherapy at tumor recurrence (Table 4). Comparing 
groups with a delay to therapy greater than or less than the 
median, delay time was not found to be predictive of OS, 
with an HR of 1.135 (95% CI 0.711–1.813, p = 0.595). Only 
age was found to be an independent predictor of outcome, 
with an HR of 1.018 (95% CI 1.001–1.036, p = 0.049) per 
incremental year.

Because previous reports have suggested that greater 
than 42 days delay to therapy significantly impacts sur-
vival, OS was also evaluated in the small subset of pa-
tients with > 42 days delay to therapy and compared with 
patients with ≤ 42 days delay. Univariate Kaplan-Meier 
analysis of OS showed a significant difference of 15.9 ver-
sus 12.9 months (p = 0.022; Fig. 3 left). Multivariate Cox 
regression showed that longer delay had an HR of death of 
1.835 (95% CI 1.104–3.051, p = 0.019).

Fig. 2. Graphs showing that delay of adjuvant therapy is not associated with worse PFS.  left: Kaplan-Meier analysis of PFS 
between those with shorter than median delay (≤ 27 days) and those with longer than median delay (> 27 days).  right: Kaplan-
Meier analysis of PFS between those in the first quartile (≤ 20 days) and fourth quartile (≥ 36 days) of delay. Figure is available in 
color online only.

table 3. impact of modest treatment delay on pFs*

Variable HR (95% CI) p Value

Delay 0.918 (0.611–1.379) 0.680
Age 1.008 (0.992–1.023) 0.334
Sex 1.017 (0.651–1.590) 0.941
KPS score 0.564 (0.333–0.956) 0.033
Chemotherapy at recurrence 1.745 (0.953–3.195) 0.071
Gliadel 2.275 (0.432–11.978) 0.332
Bevacizumab 0.883 (0.495–1.573) 0.672
Lomustine 0.970 (0.456–2.064) 0.937
Carmustine 1.376 (0.333–5.697) 0.659
Other adjuvant 0.998 (0.617–1.615) 0.993

*  Multivariate Cox regression analysis controlling for age, sex, postoperative 
KPS score, use of additional chemotherapy after tumor recurrence, and use 
of Gliadel, bevacizumab, lomustine, carmustine, and other adjuvant therapy 
was performed to compare the effects of delay on PFS between those with 
shorter and those with longer than median delay (≤ 27 days vs > 27 days, 
respectively).
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discussion
Long delays between resection and initiation of therapy 

can cause anxiety in both patients with glioblastoma and 
in providers who may be concerned about interval tumor 
progression.8 However, the current literature lacks defini-
tive evidence demonstrating that delay in the initiation of 
therapy has an adverse effect on survival. Moreover, the 
existing data are derived almost exclusively from Europe-
an patient populations, largely treated before the modern 
era of concurrent temozolomide and radiation therapies. 
While most of these studies showed that delay of radiation 

therapy had no effect on survival,1,4,9,10 a single study by Ir-
win et al. showed that the risk of death (HR) increased by 
8.9% for every week of delay to initiation of radiotherapy.7 
In contrast, however, Blumenthal et al. not only found that 
delay was not associated with worse survival, but that the 
longest delayed group had the best OS.1 Only a few stud-
ies have been published that include patients treated af-
ter 2005 with the current standard of care. Valduvieco et 
al. found that a greater than 6-week delay was associated 
with worse OS in a Spanish population.16 However, this 
study also included some patients who were treated before 

Fig. 3. Graphs showing significant delay of adjuvant therapy is associated with worse OS but not PFS.  left: Kaplan-Meier analy-
sis of OS between those with treatment delay of longer and shorter than 42 days.  right: Kaplan-Meier analysis of PFS between 
those with treatment delay of longer and shorter than 42 days. Figure is available in color online only.

Fig. 4. Graphs showing modest delay of adjuvant therapy is not associated with worse OS.  left: Kaplan-Meier analysis of OS 
between those with shorter than median delay (≤ 27 days) and those with longer than median delay (> 27 days).  right: Kaplan-
Meier analysis of OS between those in the first quartile (≤ 20 days) and fourth quartile (≥ 36 days) of delay. Figure is available in 
color online only.
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the modern era, as patients were diagnosed between 1994 
and 2009.16 Noel et al. found in a cohort of 400 French pa-
tients, all of whom were treated during the modern proto-
col era, that there was no effect on survival associated with 
delay.11 More recently, Graus et al. found that in a cohort 
of 396 Spanish patients, initiation of radiotherapy within 
42 days of surgery was associated with longer PFS but not 
with OS.6 It appears there is a lack of consensus on the 
effects of delay to initial therapy from studies of patients 
treated both before and after the modern protocol era, and 
no studies on patients treated during the Stupp protocol era 
have been conducted outside of Europe.

Using pooled data from TCGA database,3 we analyzed 
the effect of delay to initial therapy on survival in a con-
temporary group of patients with glioblastoma from North 
America. This large dataset was made up primarily of pa-
tients from large academic centers treating patients with 
glioblastoma according to the modern standard of care.3,13,17 
In this population, we found that modest delays to initiation 
of chemoradiotherapy of 5.2 weeks or more, corresponding 
to the fourth quartile in TCGA database, were not associ-
ated with worse PFS or OS. The lack of impact of delay to 
therapy on survival remained after analysis relative to the 
median or in quartiles, and in both univariate and multi-
variate analysis. As expected, the multivariate models iden-
tified KPS score as an independent predictor of PFS and 
age as an independent predictor of OS, serving as internal 
validations of the models. However, these models did not 
demonstrate a statistical association with delay to therapy.

In the small subset of patients with delays longer than 42 
days (6 weeks), delay to therapy was associated with worse 
OS, similar to what was reported by Valduvieco et al. in a 
Spanish contemporary cohort.16 While a delay greater than 
42 days impacted OS, there was no significant difference 
in PFS. Because data regarding the reasons for delay to 
therapy were not available in the data set, we cannot assess 
whether the small group of patients with the most extreme 
delay to therapy suffered from comorbid conditions that 
could confound their poor survival. Overall, our findings 
are consistent with the majority of similar studies over the 
past decade.1,4,9,10 An older retrospective study conducted 

by the Radiation Therapy Oncology Group actually found 
that patients who underwent radiation treatment more 
than 4 weeks postoperatively had a statistically significant 
survival advantage over the group that started ≤ 2 weeks 
postoperatively (HR = 0.84, p < 0.003).1 We did not ob-
serve this finding, which predates the modern standard of 
concurrent chemotherapy and radiation, when comparing 
patients in the shortest and longest quartiles of delay in our 
population.

There are significant limitations to the current study, 
largely arising from the retrospective design and limita-
tions that are inherent in the use of a large multiinstitution-
al database that was not originally created for the purposes 
of this study. Using data from TCGA database, we were 
limited with the number of possible confounding variables 
that could be accounted for in the multivariate model. Spe-
cifically, we were not able to control for extent of resec-
tion, tumor location, or tumor size.5 Additionally, we were 
not able to control for the extent of initial temozolomide 
chemotherapy received or additional experimental therapy 
due to enrollment in clinical trials. Furthermore, informa-
tion regarding the reason for delay was unavailable. Al-
though the ideal method to address the impact of delay to 
therapy would be through a prospective randomized trial, 
it is difficult to justify randomizing patients to increased 
delay once they are ready to initiate chemotherapy and 
radiation. Additionally, a well-defined, prospective, mul-
ticenter registry including data on delay to therapy, extent 
of resection, and molecular tumor markers would contrib-
ute important insight into the acceptable length of delay to 
initial therapy. However, until such studies are performed, 
we must rely on retrospective data from large, validated 
databases such as TCGA to make treatment recommen-
dations. Given the results of this study and others, there 
does not appear to be a survival cost to modestly delay-
ing initiation of chemoradiotherapy following resection of 
newly diagnosed glioblastoma, within a 6-week window. 
It is, therefore, reasonable to delay therapy long enough to 
optimize patients’ wounds and functional status without a 
concern about impact on outcomes.

conclusions
Modest delays of up to 6 weeks in the initiation of che-

motherapy and radiation following resection of newly di-
agnosed glioblastoma are not associated with worsened 
PFS or OS. However, significant delays longer than 6 
weeks may negatively affect OS. Therapy can safely be de-
layed up to 6 weeks to optimize patients’ status or address 
social concerns without negatively affecting outcome.
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