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Introduction

Glioblastoma multiforme (GBM), the commonest primary
brain malignant tumor eludes a cure. The median overall sur-
vival (OS) continues to be a dismal 14months with current
standard of care which is concurrent Radiotherapy-
Temozolomide (RT-TMZ) followed by adjuvant TMZ after
maximal safe resection [1].

One of the problems in achieving a gross total resection
(GTR) in glioblastomas is its diffusely infiltrative nature. The
tumor doubling time is estimated to be only 24 days empha-
sizing the aggressive growth of this tumor [2,3].
Radiobiology and tumor growth dynamics/kinetics of solid
tumors suggest that every attempt should be made to start
adjuvant therapy as early as possible to improve patient out-
comes. RT has consistently shown to improve OS compared
to best supportive care in GBM patients [4,5]. Clinical studies
in head & neck, lung and breast cancer have consistently
demonstrated higher local recurrence rates and poorer OS
when adjuvant RT is delayed [6–10]. Outcomes are poorer
when RT is delayed even when RT is the definitive or primary
treatment like cervical cancer [11,12]. In malignant gliomas
however, published data is inconclusive. Some studies
showed a negative impact on survival [13–15], some no cor-
relation [16–18] and few reported improved survival with
delay in initiating adjuvant RT [19,20].

Methods

Four hundred and twenty-five histopathologically confirmed
supratentorial GBM patients treated between January 2008
and June 2017 with the standard protocol of maximal safe
resection followed by concurrent TMZ and 60Gy in six weeks
of external RT, followed by six cycles of adjuvant TMZ were
the subject of this retrospective analysis. The study was car-
ried out at a single center tertiary care cancer hospital. All
patients were treated on the same protocol during the entire
study period. The hospitals’ institutional ethical committee
approval was obtained for this study. Ineligibility criteria
included patients less than 18 years, patients treated with

only adjuvant RT without concurrent TMZ and patients who
received less than four cycles of adjuvant TMZ after concur-
rent RT-TMZ schedule. Overall survival was measured in
months from the date of surgery to the date of death or last
follow-up. Patients who were alive at the time of last follow-
up were classified as censored observations. Kaplan-Meier
(KM) method was used to estimate survival rates. We classi-
fied patients into three groups based on surgery to RT time
interval (SRTI): �10 days, 11–20 days and >20 days.

Statistical analysis was performed using SPSS version 20
software (SPSS Statistics). Log-Rank test was used to evaluate
the significance of the association and Bonferroni correction
was used for prognostic factors with more than two sub-cat-
egories. Univariate and multivariable analysis using Cox pro-
portional hazards model with time on study time-scale were
used to estimate Hazard ratio (HR) and 95% confidence inter-
vals (CI) incorporating age, Karnofsky performance status
(KPS), extent of surgery, recursive partitioning analysis (RPA)
and SRTI, all as categorical variables. Age was categorized as
two sub-groups: 18–54 and �55 years. KPS was categorized
as �80, 60–79 and <60. RPA is a comprehensive scoring sys-
tem for high grade gliomas introduced by the Radiation
Therapy Oncology Group (RTOG) and is evaluated as Class III,
IV or V based on age, KPS, neurological status and extent of
resection. SRTI was also evaluated as a continuous variable in
a linear functional form after testing for non-linearity. The
primary end-point was OS and a P value less than 0.05 was
considered as statistically significant.

Results

The median age was 54 years (Range: 18–82). There were 285
(67.1%) male and 140 (32.9%) female patients. The median
SRTI was 15 days (Range: 5–124); SRTI groups �10 days,
11–20 days and >20 days had 111 (26.1%), 245 (57.6%) and
69 (16.3%) patients respectively. At a median follow-up of
45.6months, the median OS was 14.7months (Figure 1). 391
(92.0%) patients completed the planned concurrent chemo-
radiation schedule. In our study, 112 (26.4%) patients were
advised as fit to undergo RT by the neurosurgeon and were
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prepared to start the treatment in <¼10days. Amongst 313
(73.6%) patients who underwent RT after 10 days from date
of surgery, 79 (25.2%) patients were advised to delay RT by
neurosurgeons, 160 (51.2%) patients were fit to undergo RT
but went home to meet family or work-related commit-
ments, and came back to start RT, 74 (23.6%) patients had to
delay RT owing to financial issues.

Age, KPS, extent of surgical resection, RPA and SRTI were
all significant independent prognostic factors for survival.
Table 1 describes patient distribution across the SRTI groups.
Sex and technique of RT did not affect survival. The 2-, 3- &
5-year OS was 23.9%, 13.3% and 6.9% respectively. Patients
in SRTI � 10 days had a 2-, 3- and 5-year survival of 34.6%,
20.0% and 14.3% respectively. Patients in SRTI 11–20 days
had a 2-, 3- and 5-year survival of 18.3%, 9.8% and 3.4%
respectively. Remaining 65 patients in SRTI � 20 days had a
2-, 3- and 5-year survival of 25.5%, 13.9% and 6.9%. The
median OS was 18.3, 13.3 and 15.0months in SRTI groups
�10 days, 11–20 days and >20 days respectively with chi-
square value v2(2) of 23.84 (p< .001). In log rank test, there
was a statistically significant difference in survival distribution
for STRI �10 days vs 11–20 days categories with chi-square
value v2(1) of 23.38 (p< .001), and between �10 days and
>20 days with chi-square value v2(1) of 5.76 (p¼ .016), but
not between 11–20 days and >20 days with chi-square value
v2(1) of 2.83 (p¼ .093).

In unadjusted and adjusted Cox regression model, SRTI as
a continuous variable showed a 1.4 times increased risk of
mortality with every 10 days’ delay in starting RT-TMZ follow-
ing surgery (HR ¼ 1.01, 95% CI, 1.00–1.03). When SRTI was
analyzed as a categorical variable, the unadjusted HRs in
SRTI 11–20 days and SRTI � 20 days were 1.87 (95% CI,
1.45–2.41) and 1.44 (95% CI, 1.02–2.04) respectively when
compared to patients in SRTI � 10 days. The corresponding
HRs when adjusted for age, KPS and surgery were 1.92
(95% CI, 1.48–2.41) and 1.57 (95% CI, 1.11–2.23) respectively.
The corresponding HRs in multivariable analysis of OS when

adjusted for RPA were 1.85 (95% CI, 1.43–2.39) and 1.43
(95% CI, 1.01–2.02).

Discussion

There are varied reasons for delay in initiating adjuvant RT
after definitive treatment in cancer management. Some of
them are long waiting times due to limited resources, lack of
access to local RT facilities, machine overload, machine
breakdown time, financial constraints, delay in wound heal-
ing and waiting for histopathology & molecular markers.
Most of these factors are relevant to but not restricted to
low income and middle-income countries. Patient should
also be fit enough to undergo and complete the adjuvant
treatment as overall RT treatment duration has also been
implicated as a negative prognostic factor especially in can-
cer of the cervix [21].

Studies in breast, head and neck and non-small cell lung
cancer hence seem to confirm the hypothesis of presumed
deleterious effect of delayed adjuvant RT on tumor control. In
the context of high-grade gliomas, Blumenthal et al [19] in
one of the largest series to date analyzed 2800 patients from
16 Radiation Therapy Oncology Group (RTOG) studies and sur-
prisingly reported a modest improvement in OS with delay of
RT upto and beyond 4weeks after surgery. On multivariate
analysis, they found lower RPA class and time interval greater
than 4weeks as significant predictors of outcome. Noel et al
[16] and Lai et al [18] did not find any statistically significant
effect of timing of RT on OS in their patient cohort.

Three retrospective studies reported decreased survival in
GBM patients when there was a delay in starting adjuvant RT.
Do et al [13] suggested that the time-interval between initial
presentation and RT was detrimental to OS rather than the
time-interval between surgery and radiation. They estimated a
2% increase in risk of death for each day delay in radiation.
Irwin et al [14] study on 172 patients reported that an 8-week
waiting period reduced the median OS by 11weeks compared
with a 2-week waiting period for RT. Glinski et al [15] reported
a significantly worse OS when the delay in starting RT was
more than 37days in their experience with 308 patients of
high grade gliomas. There are other studies giving indirect
evidence supporting the hypothesis of poorer outcome with
delay in initiating adjuvant RT. One such study by Chinot et al
[22] also emphasizes the importance of starting adjuvant radi-
ation early in GBM management. They used a neoadjuvant
dense dose TMZ schedule of 2months before the standard
concurrent RT-TMZ. This treatment approach was inferior to
standard concurrent RT-TMZ. Our study gives additional evi-
dence for the detrimental effect of delaying adjuvant
chemoradiation.

The data is therefore conflicting and inconclusive regard-
ing the impact of adjuvant RT-TMZ timing on OS in GBM
patients. The results from all the above studies must be
interpreted with certain caveats;

a. Most of the published literature in gliomas deals with
anaplastic gliomas and glioblastomas together. These
are two distinct biological entities with different

Figure 1. Kaplan-Meier survival curve: Surgery to radiotherapy time-interval.
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behavior and clinical outcomes and hence need to be
considered separately. Our study considered only histo-
logically proven GBM patients.

b. The mean time to starting adjuvant RT after surgery was
very variable (range 14 days to 60 days). Most studies
used the median length of delay as the cut off. A few
studies used percentiles to categorize the waiting time
while a few other studies treated waiting time to RT as
a continuous variable. The median time from surgery to
RT-TMZ in our study was 15 days. Majority of the
patients started RT-TMZ within 4 weeks.

c. Most of the studies discussed above were in the pre-TMZ
era and hence may not be relevant in the present era of
concurrent RT-TMZ for GBM. Noel et al [16] is the only
study where all patients received the modern protocol of
concurrent and adjuvant TMZ uniformly. They used per-
centiles for modeling surgery to RT waiting time into cat-
egories. This may fail to detect effects of smaller
magnitude. All the patients in our cohort received TMZ.

The reasons for delay in starting concurrent RT-TMZ in
our patients was varied. Most of our patients had traveled
away from home to undergo the treatment and had to make
arrangements for an extended stay near the hospital. The
approval from neurosurgeon after evaluating wound healing
and neurological fitness of the patient also delays radiation.
Other reasons include social and financial constraints of the
patient and caregiver. In our study, the technique of RT did
not have any effect on the OS rate of glioblastoma patients.
Chen et al, reported a similar result in a study that evaluated
the effect of 3 D-CRT and IMRT on 1-year OS (89.6% vs.
75.8%, p¼ .795) and 1-year progression free survival (61.0%
vs. 45.5%, p¼ .867) in 54 GBM patients. Study by Thibouw
et al on the effect of 3 D-CRT vs IMRT in 220 glioblastoma
patients reported reduced neurological toxicities but no sig-
nificant difference in median OS (16.0 vs 13.4months,
p¼ .542).

The limitation of our study is its retrospective nature as
are all other studies discussed too. It is unlikely that a pro-
spective randomized study can ever be conducted due to
ethical concerns of deliberately delaying an adjuvant treat-
ment. The main strength of this study is the large number of
patients in our cohort treated on a uniform protocol with
adequate follow-up at a single center. We believe our study
strengthens the hypothesis that adjuvant RT-TMZ should be
started as early as possible after surgery, preferably within
10 days to improve OS in GBM patients.

Conclusion

Delay in starting adjuvant RT-TMZ beyond 10 days appears
to be detrimental in GBM patients in our study.
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