
Page 1/14

Accelerated Hypofractionation for Elderly or Frail
Patients with a Newly Diagnosed Glioblastoma
Improves Survival
Haley Kopp Perlow  (  haley.perlow@osumc.edu )

Ohio State University https://orcid.org/0000-0001-8667-0782
Alexander Yaney 

Ohio State University Science and Engineering Library: The Ohio State University
Michael Yang 

Ohio State University
Brett Klamer 

Ohio State University
Jennifer Matsui 

Ohio State University
Raju R Raval 

Ohio State University
Dukagjin M. Blakaj 

Ohio State University
Andrea Arnett 

Ohio State University
Sasha Beyer 

Ohio State University
James B. Elder 

Ohio State University Science and Engineering Library: The Ohio State University
Mario Ammirati 

Ohio State University
Russell Lonser 

Ohio State University
Douglas Hardesty 

Ohio State University
Shirley Ong 

Ohio State University
Pierre Giglio 

Ohio State University
Clement Pillainayagam 

https://doi.org/10.21203/rs.3.rs-992179/v1
mailto:haley.perlow@osumc.edu
https://orcid.org/0000-0001-8667-0782


Page 2/14

Ohio State University
Justin Goranovich 

Ohio State University
John Grecula 

Ohio State University
Arnab Chakravarti 

Ohio State University
Vinai Gondi 

Northwestern University
Paul D. Brown 

Mayo Clinic
Joshua D. Palmer 

Ohio State University

Research Article

Keywords: glioblastoma (GBM), temozolomide (TMZ), hypofractionated radiation.

Posted Date: October 25th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-992179/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-992179/v1
https://creativecommons.org/licenses/by/4.0/


Page 3/14

Abstract
Background:

The standard of care for elderly glioblastoma (GBM) patients is 40 Gy in 15 fraction radiotherapy with
temozolomide (TMZ). However, this regimen has a lower biologic equivalent dose (BED) compared to the
Stupp regimen of 60 Gy in 30 fractions. We hypothesize that accelerated hypofractionated radiation of
52.5 Gy in 15 fractions (BED equivalent to Stupp) will have superior survival compared to 40 Gy in 15
fractions.

Methods:

Elderly patients (≥ 65 years old) who received hypofractionated radiation with TMZ from 2010-2020 were
included in this analysis. Overall survival (OS) and progression free survival (PFS) were de�ned as the
time elapsed between surgery/biopsy and death from any cause or progression. Baseline characteristics
were compared between patients who received 40 Gy and 52.5 Gy. Univariable and multivariable analyses
were performed.

Results:

Sixty-six newly diagnosed patients were eligible for analysis. Thirty-nine patients were treated with 40 Gy
in 15 fractions while twenty-seven were treated with 52.5 Gy in 15 fractions. Patients had no signi�cant
differences in age, sex, methylation status, or performance status. Overall survival (OS) was superior in
the 52.5 Gy group (14.1 months) when compared to the 40 Gy group (7.9 months, p = 0.011). Isoeffective
dosing to 52.5 Gy was shown to be an independent prognostic factor for improved OS on multivariable
analysis.

Conclusions:

Isoeffective dosing to 52.5 Gy in 15 fractions was associated with superior OS compared to standard of
care 40 Gy in 15 fractions. These hypothesis generating data support accelerated hypofractionation in
future prospective trials.

Introduction
High-grade gliomas encompass approximately 70% of the approximately 23,000 malignant brain tumors
diagnosed in the United States each year. A majority of these high-grade gliomas are glioblastoma (GBM)
1. Maximal safe resection followed by adjuvant radiation therapy has proven to be superior to resection
alone, with early randomized trials showing a doubling of overall survival (OS) with the addition of
adjuvant radiation therapy 2,3. A signi�cant dose-effect relationship for these patients has been
demonstrated, with a stepwise increase of radiation dose from 45 Gy to 60 Gy showing a signi�cant
improvement in OS at each interval 4. This study evaluating the dose-effect relationship led to the current
understanding that de-escalation of radiotherapy below 60 Gy portends inferior outcomes. As such,
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radiation therapy to a total of 60 Gy in 30 fractions became the preferred adjuvant therapy dose. The
current standard of care for GBM patients including adjuvant radiation with concurrent and adjuvant
temozolomide (TMZ) was then determined in the Stupp trial, which demonstrated a signi�cant OS bene�t
(27.2% versus 10.9% at 2 years) with the addition of concurrent and adjuvant TMZ compared to adjuvant
radiotherapy alone 5. However, even with this regimen outcomes remain poor with a median OS of 16
months 1.

The median age at diagnosis of GBM is 64 years 6. In the Stupp trial, elderly patients (>60 years old) had
a median OS of 10.9-11.8 months 5. However, even elderly patients have a survival bene�t with radiation
in comparison to supportive care alone 7. Recent studies have suggested that hypofractionated de-
escalated radiation therapy to 40 Gy in 15 fractions could be a reasonable alternative for elderly patients
or those with a poor performance status 8–10. The IAEA trial including elderly (age ≥ 65) or frail
(Karnofsky Performance Status 50-70) patients showed a median OS of 6.4 months, and the CCTG study
showed a median OS of 7.6 months (radiation alone) versus 9.3 months (radiation plus chemotherapy)
9,10. However, this regimen has a lower biological effective dose (BED) than the Stupp regimen, and
patients in these cohorts had inferior outcomes when compared to elderly patients in the Stupp trial.
Navarria et al. showed that elderly or frail patients (age ≥ 70 years, Karnofsky performance scale (KPS)
score ≤ 60) treated with a dose of 52.5 Gy in 15 fractions (isoeffective to the Stupp regimen) had a
median overall survival of 8 months, superior to the IAEA trial 11. Other studies have also proven the
e�cacy of this fractionation regimen for this patient population 12,13. Thus, we hypothesize that
hypofractionated radiation therapy to 52.5 Gy in 15 fractions is a superior regimen to 40 Gy in 15
fractions for elderly or frail patients.

Methods
This retrospective study was approved by our institutional review board. At our NCI-designated
comprehensive cancer center, patients with GBM are eligible for hypofractionated radiation therapy
consisting of 40 Gy or 52.5 Gy in 15 fractions if they are elderly (age ≥ 65), frail (KPS < 70), or at the
discretion of the treating physician. Only newly diagnosed GBM patients were included in this study.
Eligible patients were treated at our institution between 1/1/2010 and 10/30/2020. Diagnostic workup
and radiation treatment for each patient were required to have been performed at this single cancer
hospital.

Overall, 89 patients were identi�ed based on a systematic query of patients with GBM who were treated
with 15 fractions of radiation therapy. Reasons for exclusion in this study include the following: re-
irradiation of GBM, prior treatment for a non-GBM (examples include paraganglioma or low-grade glioma
prior to transformation), grade III tumors, or not completing the prescribed treatment course. After
evaluating patients for eligibility, 66 patients were included in the �nal analysis. Relevant demographic
and clinical information was collected for each patient. 14
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For patients who received 52.5 Gy, a 0.5 cm margin was added beyond the contrast enhancing area to
create a clinical treatment boost volume (CTV 52.5 Gy) with a 1 cm margin beyond FLAIR signal
delineating the CTV 40 Gy volume. For patients receiving 40 Gy, a 1.5 cm margin was delineated beyond
the visible gross tumor volume (GTV) on MRI. A 3-5 mm planning treatment volume (PTV) was used for
both groups. TMZ was offered to all patients in this study. None of the patients in this study received
NovoTTF.

Statistics
Summary statistics were used to describe patients’ demographics and clinical characteristics by radiation
treatment regimen. Comparisons between treatment groups were tested using Pearson’s Chi-square test,
Fisher’s exact test, and Wilcoxon’s two-sample test. OS was de�ned as the time elapsed between
surgery/biopsy and death from any cause, with censoring of patients who were lost to follow-up.
Progression-free survival (PFS) was de�ned as the time elapsed between surgery/biopsy and
progression. The Kaplan-Meier method was used to generate survival curves with corresponding log-rank
tests for difference by strati�cation group. Lastly, we used complete-case Cox proportional hazards
regression to estimate the adjusted hazard ratio (aHR) for treatment effect. Cox models adjusted for
confounders (age and KPS) and O6 methylguanine DNA methyltransferase (MGMT) methylation status.
A similar analysis was performed for progression free survival. Analyses were conducted in R version
4.0.5.

Results
Sixty-six patients were included in this analysis (Table 1). 41% of patients were treated with 52.5 Gy and
59% of patients were treated with 40 Gy. 61% of patients in the 40 Gy arm and 57% of those in the 52.5
Gy arm demonstrated MGMT methylation. In total, only 63.6% of patients had a KPS ≥ 70. The majority
of patients (83.3%) had surgical resection. Concurrent TMZ was prescribed in 88% of patients. There were
no signi�cant differences in measured patient characteristics between the two radiation treatment
groups.
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Table 1
Patient characteristics strati�ed by radiation cohort

Characteristic 40 Gy, N = 391 52.5 Gy, N = 271 p-value2

Sex     0.2

Male 20 (51%) 18 (67%)  

Female 19 (49%) 9 (33%)  

Age at Diagnosis 72 (70, 78) 68 (63, 73) 0.056

MGMT     0.8

Unmethylated 15 (39%) 9 (43%)  

Methylated 23 (61%) 12 (57%)  

(N missing) 1 6  

Multifocal     0.4

No 30 (77%) 23 (85%)  

Yes 9 (23%) 4 (15%)  

Surgery     0.2

No 9 (23%) 2 (7.4%)  

Yes 30 (77%) 25 (93%)  

Extent of Resection     0.7

Subtotal 21 (54%) 16 (59%)  

Gross total 18 (46%) 11 (41%)  

PTV Volume (ccs) 393 (292, 486) 352 (289, 417) 0.2

(N missing) 0 6  

Concurrent Chemo     0.13

No 7 (18%) 1 (3.7%)  

Yes 32 (82%) 26 (96%)  

KPS     >0.9

<70 13 (34%) 9 (35%)  

≥70 25 (66%) 17 (65%)  

(N missing) 1 1  
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The median OS for the entire cohort was 11.2 (95% CI: 8.5, 14.2) months (Graph 1). Survival varied
between radiation subgroups. Patients who received 52.5 Gy had a median OS of 14.1 months (95% CI:
10.9, NA), while patients who received 40 Gy had a median OS of 7.9 months (95% CI: 6.3, 14.2)
representing a statistically signi�cant difference in OS (aHR 0.38, 95% CI: 0.18, 0.80; p = 0.011). MGMT
methylation status also demonstrated a signi�cant role, with methylated and unmethylated patients
having a median overall survival of 14.2 months (95% CI: 9.3, 22.4) and 8.8 months (95% CI: 6.7, 13.1),
respectively (aHR 0.43, 95% CI 0.22, 0.82; p = 0.011).

The median PFS for the entire cohort was 6.0 months (95% CI: 4.7, 7.4) (Graph 2). PFS varied between
radiation subgroups, with patients receiving 52.5 Gy having a median PFS of 7.5 months (95% CI: 6.5,
12.4) and those receiving 40 Gy having a median PFS of 4.8 months (95% CI: 3.7, 6.8). Methylated and
unmethylated patients had a median progression free survival of 5.9 months (95% CI: 4.86, 7.39) and 6.9
months (95% CI: 3.61, 12.02), respectively (aHR 0.59, 95% CI: 0.33, 1.07; p = 0.083).

On univariable analysis, both methylation status (HR 0.53, 95% CI: 0.29, 0.99; p = 0.045) and dose-
escalation (HR 0.47 [95% CI: 0.26 - 0.85]; p=0.013) were associated with improved OS. Increased planning
target volume (p = 0.006) was associated with decreased OS. On multivariable analysis (Table 2), both
methylation status (aHR 0.43, 95% CI: 0.22, 0.85; p = 0.011) and increased radiation dose (aHR 0.38, 95%
CI: 0.18, 0.80, p = 0.011) remained independent prognostic factors for OS.

Table 2
Multivariable Cox Proportional Hazards Regression
of Factors Associated with Overall Survival for N =

59 Patients
Characteristic HR1 95% CI1 p-value

Age at Diagnosis 1.04 0.99, 1.09 0.13

Radiation Cohort      

40 Gy — —  

52.5 Gy 0.38 0.18, 0.80 0.011

KPS 0.99 0.96, 1.02 0.4

MGMT      

Unmethylated — —  

Methylated 0.43 0.22, 0.82 0.011

Increasing planning treatment volume (p=0.028) was associated with decreased PFS. In a multivariable
model (Table 3), increased dose was associated with improved PFS, though no effect or decreased PFS
was not contraindicated by the data (aHR 0.53, 95% CI: 0.28, 1.02; p=0.057).
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Table 3
Multivariable Cox Proportional Hazards Regression

of Factors Associated with Progression Free
Survival for N = 59 Patients

Characteristic HR1 95% CI1 p-value

Age at Diagnosis 1.01 0.97, 1.05 0.7

Radiation Cohort      

40 Gy — —  

52.5 Gy 0.53 0.28, 1.02 0.057

KPS 0.99 0.96, 1.01 0.2

MGMT      

Unmethylated — —  

Methylated 0.59 0.33, 1.07 0.083

When comparing the two radiation treatment groups, there was little evidence for differences in toxicity
(Supplemental Table). There were two patients with Grade III toxicities in the 52.5 Gy group. One patient
was hospitalized for multiple breakthrough seizures, although it should be noted that this patient had
questionable compliance to a prescribed anticonvulsant medication. The second patient was
hospitalized after experiencing two breakthrough seizures while on Keppra during the radiation treatment
course. There were no Grade IV or V toxicities in the entire cohort.

Discussion
This is the �rst retrospective analysis of elderly and frail GBM patients that directly compares patients
who received 52.5 vs. 40 Gy in 15 fractions. There were no signi�cant differences in measured patient
characteristics when comparing the two radiation groups. Within our cohort, OS survival was signi�cantly
improved in the 52.5 Gy group (14.1 months) when compared to the 40 Gy group (7.9 months).
Increasing dose to 52.5 Gy was shown to be an independent prognostic factor for improved OS. There
were no differences in toxicity between the two treatment groups.

This isoeffective treatment prescription has been studied prospectively. Navarria et al treated 30 patients
in a single-arm phase II study to a total dose of 52.5 Gy in 15 fractions 11. In this study, eligible patients
were aged ≥70 years old and had a KPS ≤60, histologically con�rmed glioblastoma, and had an
estimated survival of ≥3 months. The median OS survival in this study was 8 months. Scoccianti et al.
treated patients in a single-arm phase II study to 52.5 Gy in 15 fractions with a simultaneous integrated
boost to 67.5 Gy in 15 fractions 13. Patients in this study belonged to Recursive Partitioning Analysis
(RPA) class III (age < 50, KPS 90-100) or IV (age < 50, KPS < 90, age ≥ 50). There were seven elderly
patients with a median OS of 11.6 months in this cohort 13. These studies are the �rst to directly study
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isoeffective treatment dosing for elderly or frail patients; however, no study has directly compared 52.5 Gy
vs. 40 Gy in 15 fractions.

It is notable that patients who received 52.5 Gy in our cohort had superior outcomes when compared to
historical hypofractionation studies for elderly patients or those with a poor performance status. The
Minnitti study (79% of patients had a KPS ≥ 70) demonstrated a median OS of 9.3 months for patients
>70 years old treated with 30 Gy in 6 fractions over two weeks 15. The Nordic trial (80% of patients with a
WHO performance status of 0-1) demonstrated a median OS of 7.0-8.8 months for patients treated with
hypofractionated radiation therapy of 34 Gy in 10 fractions over two weeks 16. The CCTG trial (77% of
patients had an ECOG of 0-1) demonstrated a median OS of 7.6-9.3 months for patients treated with 40
Gy in 15 daily fractions 10. In our cohort, 62.9% of patients who received 52.5 Gy had a KPS ≥ 70, and
64.1% of patients who received 40 Gy had a KPS ≥ 70. The patients who received 40 Gy in our cohort had
a comparable median OS (7.9 months) to the Minnitti, Nordic, and CCTG studies (median OS from 7.0-9.3
months). Meanwhile, our 52.5 Gy group had a superior median OS of 14.1 months.

These data suggest that elderly or frail patients are potentially receiving a sub-therapeutic radiation dose
with the current standard-of-care hypofractionated treatment. Walker et al. showed that increasing the
dose from ≤45 Gy to 50 Gy, 55 Gy and 60 Gy in 1.8-2.0 Gy fractions improved the median overall survival
from 13.5 weeks to 28 weeks, 36 weeks and 42 weeks, respectively 4. This study guided the radiation
prescription for the seminal Stupp trial to be 60 Gy in 30 fractions which demonstrated a median OS of
10.9-11.8 months for elderly patients. However, the IAEA and the CCTG studies used prescriptions with a
lower BED in comparison to Stupp dosing. Our retrospective cohort showed superior outcomes in favor of
52.5 Gy when compared to the 40 Gy group. This is likely because 52.5 Gy in 15 fractions has a BED that
is isoeffective to Stupp dosing (BED = 75 Gy) as opposed to that of 40 Gy in 15 fractions (BED = 53.35
Gy).

The greatest strength of this study is that there has never been a direct comparison between 52.5 Gy and
40 Gy given in 15 fractions for elderly or frail patients. This study included patients with both a good and
poor performance status. We were able to show that a hypofractionated radiation course with an
isoeffective BED to 60 Gy in 30 fractions was effective and did not lead to increased toxicity. Additionally,
this radiation prescription does not increase the treatment burden for elderly or frail patients because it
requires the same number of treatment visits when compared to the IAEA and CCTG studies. Limitations
of this study include a relatively small sample size of 66 patients. Information about neurocognitive
function was not collected for this study. An additional limitation is this study’s retrospective nature. A
large, randomized controlled trial is needed to validate these results.

Conclusion.
We hypothesize that the de-escalation of radiation therapy that has occurred for elderly or frail patients
has negatively impacted survival for this patient population. We propose a fractionation scheme that is
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isoeffective to Stupp dosing and leads to improved OS by up to 6 months when compared to prospective
hypofractionation cohorts. This is a safe and effective regimen that requires prospective validation.
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Figure 1

Kaplan-Meier curves evaluating overall survival. (A) OS for entire cohort. (B) OS strati�ed by MGMT
methylation status. (C) OS strati�ed by radiation dose. (D) OS strati�ed by prognostic group.
Abbreviations: OS – overall survival, KPS, Karnofsky performance status.
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Figure 2

Kaplan-Meier curves evaluating progression free survival. (A) PFS for entire cohort. (B) PFS strati�ed by
MGMT methylation status. (C) PFS strati�ed by radiation dose. (D). PFS strati�ed by prognostic group.
Abbreviations: PFS – progression free survival, KPS, Karnofsky performance status.
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