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Abstract

Purpose—To determine the impact on overall survival with different salvage therapies, including
no treatment, reirradiation, systemic therapy, or radiation and systemic therapy, in participants of a
phase 3 clinical trial evaluating dose-dense versus standard-dose temozolomide for patients with
newly diagnosed glioblastoma.

Methods and Materials—This analysis of patients from Trial RTOG 0525 investigated the
effect of reirradiation or systemic treatment after tumor progression. Survival from first
progression was compared between patients receiving no therapy, systemic therapy alone,
radiation alone, and both modalities. The Cox proportional hazards model was used to compare
the mortality hazard, controlling for potential confounders.

Results—The analysis included 637 patients who progressed and had information on their
management, excluding those who died less than half a month after progression. A total of 267
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patients (42%) received neither reirradiation nor systemic treatment at progression, 24 (4%)
received radiation alone, 282 (44%) received systemic treatment only, and 64 (10%) received both
radiation and systemic therapy. Patients who received no treatment had a median survival of 4.8
months, lower than with radiation treatment alone (8.2 months), systemic therapy alone (10.6
months), and both radiation and systemic therapy (12.2 months). In survival models controlling for
potential confounders, those who received radiation alone had modestly better survival (hazard
ratio HR 0.74, 95% confidence interval [CI] 0.43-1.28), whereas those who underwent systemic
therapy either without (HR 0.42, 95% CI 0.34, 0.53) or with radiation therapy (HR 0.44, 95% CI
0.30, 0.63) had better survival. There was no significant survival difference between patients who
received radiation only and those who received systemic therapy (either with radiation or alone).

Conclusions—~Patients who received no salvage treatment had poorer survival than those who
received radiation, chemotherapy, or the combination. However, patient selection for no treatment
likely reflects poorer expected prognosis. There was no significant survival difference among
those receiving radiation therapy, systemic therapy, or both. Ongoing clinical trials will help define
the role of reirradiation after glioblastoma progression.

Introduction

Optimal management for recurrent glioblastoma (GBM) has not been established. A
plethora of monotherapy and combination therapies have been evaluated. Such approaches
include surgery, reirradiation, systematic therapy either with chemotherapy and/or targeted
therapeutics or antiangiogenic agents, tumor treatment fields, or some combination of these,
as well as supportive care (1-6). A variety of chemotherapies have been evaluated for
recurrent GBM, with modest results. Recently bevacizumab, an antivascular endothelial
growth factor monoclonal antibody, was evaluated for recurrent GBM. Phase 2 studies
demonstrated favorable 6-month progression-free survival and objective responses with
bevacizumab for recurrent GBM, which led to its approval by the US Food and Drug
Administration in 2009 for use in recurrent GBM (7-10). Currently bevacizumab is one of
the most commonly used treatment options for patients with recurrent GBM in the United
States. On the other hand, for patients with limited volume recurrence, reirradiation seems to
provide similar overall survival (OS) in comparison with those treated with bevacizumab
(11-13). Despite some evidence of improvement in progression-free survival, no significant
increase in OS has been demonstrated with any particular approach (1, 14). Further
investigations are needed to define the optimal choice of salvage therapy, and in particular
the role of reirradiation and systemic treatment in patients with recurrent GBM.

Trial RTOG 0525 was a phase 3 clinical trial evaluating dose-dense versus standard-dose
temozolomide for patients with newly diagnosed GBM (15). Patients were enrolled between
January 2006 and June 2008, and primary study findings were published in 2013, where
more details of the study design and results can be found (15). All patients received 60 Gy
partial-brain irradiation in 2-Gy daily fractions. After progression, patients participating in
this trial received variable salvage therapies (reported as nonprotocol therapy). The
information on the type of nonprotocol therapy is available for analysis. The purpose of this
study was to determine the impact on OS with different salvage therapies, including no
treatment, reirradiation, systemic therapy, or radiation and systemic therapy, in those Trial
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RTOG 0525 participants. Information from this analysis may help generate new hypotheses
for future clinical trials.

Methods and Materials

Results

A total of 833 patients were enrolled and randomized in Trial RTOG 0525. We analyzed
postprogression prognosis for patients with information regarding their nonprotocol therapy
and excluded patients who died less than half a month after progression (637 analyzable
patients), because there would not have been adequate time to consider/evaluate/offer a
therapeutic intervention to these patients. The 637 patients were divided into 4 mutually
exclusive groups according to the type of nonprotocol therapy they received: 267 patients
(42%) received neither radiation treatment nor systemic treatment (chemotherapy and/or
targeted therapy, such as bevacizumab); 24 patients (4%) received some form of radiation
treatment (fractionated radiation therapy, radiosurgery, or brachytherapy) alone; 64 patients
(10%) received some form of radiation and systemic therapy; and 282 patients (44%)
received systemic treatment only. Information on the specific agent or regimen delivered was
provided for only 196 (54%) of the 346 patients who received nonprotocol systemic therapy.
Bevacizumab, which is indicated for recurrent GBM, was used for almost all of these
patients (194; 99%); other systemic therapies that were frequently used included irinotecan
(89 patients; 45%) and carboplatin (14 patients; 7%). Details on radiation therapy after
recurrence were not provided in sufficient detail to meaningfully summarize.

The survival time distributions for patients in the 4 postprogression treatment groups were
calculated from the date of progression using the Kaplan-Meier estimator and compared via
the log-rank test. To investigate the potential influence of host prognostic factors on survival
times, frequency distributions of numerous patient and disease factors were compared
among the treatment groups. The XZ test was used to compare frequencies for the original
randomized treatment arm, MGMT methylation status, gender, recursive partitioning
analysis (RPA) class, Karnofsky performance status (KPS), neurologic function, prior
surgery, surgery upon progression, reason radiation therapy was terminated, and reason
adjuvant therapy was terminated. The Ftest was used to compare whether distributions of
time to progression, age at diagnosis, and number of adjuvant cycles differed across the
groups.

Effects of the different postprogression treatments taking into account variables potentially
related to both treatment choice and prognosis (confounders of treatment effects) were
estimated from Cox proportional hazard models that controlled for various combinations of
possible confounders. From these models, estimates and 95% confidence intervals were
obtained for the relative hazards of death among the 3 treatment types compared with no
postprogression treatment and to each other.

Of the 833 patients who originally enrolled in Trial RTOG 0525, 664 (80%) were recorded
to have progression. Salvage management details were available for 660 of 664 of these
patients. At the time of this analysis, 563 of 660 participants with disease progression (85%)

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shietal.

Page 4

had died. Of these, 23 died in the first half-month after progression. To focus on patients
whose outcomes were most likely affected by salvage therapy, this analysis is restricted to
those 637 patients who survived at least half a month after progression (Fig. 1). Among
these patients, 267 (42%) received neither radiation nor systemic treatment; 88 (14%)
received some form of radiation treatment (fractionated radiation therapy, radiosurgery, or
brachytherapy) with (64) or without (24) systemic therapy; and 282 (44%) received systemic
treatment only. Owing to the small number of patients who received radiation treatment
alone, comparisons of this group with others are of limited value, and in some analyses they
were analyzed with patients who received both systemic therapy and radiation (Fig. 1).

Table 1 shows patient baseline (Trial RTOG 0525 initial study entry) and specific postentry
characteristics by postprogression therapy groups. There was some evidence that patients
may have been selected for their postprogression treatment on the basis of baseline
characteristics, with those receiving no additional therapy or radiation only tending to be
older and of poorer RPA class. With respect to postentry characteristics, the number of
adjuvant chemotherapy cycles received was greater among patients who received radiation
(either with or without systemic therapy after progression). All other patient characteristics
were distributed similarly among the postprogression treatment groups.

Survival time distributions were found to differ between patients according to the
postprogression management categories (Fig. 2, Table 2). Table 2 provides estimates of the
median survival and average deaths per week by treatment group. The patients who received
neither radiation treatment nor systemic treatment had the poorest outcome (with median
survival of 4.8 months), significantly lower than those who received radiation (for all
patients either with or without systemic therapy, 11.3 months, A<.05) or systemic therapy
alone (10.5 months, A<.05). The small group of patients who underwent radiation only had
somewhat better survival (8.2 months) than those receiving no additional treatment.

Figure 2 graphically illustrates survival by group. Although patients in the 4 management
groups were statistically different from each other (/£<.0001), pairwise comparisons found
that survival time distributions were specifically different between patients who received no
treatment and patients who received radiation therapy (with or without systemic therapy, /<.
0001), and also between patients who received no treatment and those who received
systemic therapy only (£<.0001). However, patients who received systemic therapy only and
patients who received some radiation therapy did not significantly differ in their survival
(P=.38).

To assess postprogression treatment taking into account patient factors (Table 1) that may
influence survival, hazard regression models were used. Table 3 shows hazard ratios for
models (1) with no covariates, equivalent to comparisons in Figure 2; (2) controlling for
time to progression, which although statistically similar among the groups could be
responsible for residual confounding; (3) controlling for the 3 variables (age at diagnosis,
RPA, and cycles of adjuvant treatment) that showed statistical differences in distribution
between the groups; (4) controlling for those 3 variables, surgery at progression, and time to
progression; and (5) controlling for all available covariates. Table 3 displays the hazard
ratios for death for the 3 groups relative to no further therapy. Relative to no postprogression
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treatment, patients who received radiation therapy had a decreased risk of death, with an
approximate 20% reduction not accounting for potential confounders and a 26% reduction in
the fully adjusted model; this reduction in risk, however, did not reach statistical
significance. From Table 3 it can also be seen that (1) death hazard reductions for systemic
therapy alone and systemic therapy with radiation were nearly the same and associated with
significantly better survival than no treatment; and (2) radiation therapy alone, although
demonstrating a smaller effect, does not differ significantly from the other 2 intervention
types (because confidence intervals on hazard ratios overlap). The observed benefit
associated with receipt of systemic therapy was large, with a >50% reduction in risk of death
relative to no treatment in the adjusted models (A<.0001; Table 3).

Discussion

Optimal treatment for patients with recurrent GBM remains a challenge. In the present study
we focused on the efficacy of reirradiation and/or systemic treatment as salvage options. Our
analysis demonstrated trends toward better survival for patients who received any salvage
treatment, either radiation, systemic therapy, or the combination, as compared with those
who did not. The median survival of patients who did not receive treatment was only 4.8
months. Patients who received systemic therapy, either with or without radiation, had a
>50% reduction in mortality risk relative to those receiving no further treatment. With
respect to whether reirradiation might yield equal benefit to systemic therapy, there were too
few patients in the radiation-alone group to make any reliable determination, although
survival seemed modestly better.

Systemic therapy has been widely used as second-line therapy for recurrent GBM. The
majority of patients with recurrent GBM are offered systemic therapy at the time of
progression. Among patients who received systemic treatment only in the present study,
although the type of systemic therapy was reported in only approximately 50% of cases,
among those for whom this information was available, bevacizumab was nearly always used.
The median OS after progression of 10.6 months for these patients is similar to other
reported bevacizumab trials in recurrent disease (7-9, 16).

During the last decade there has been increased interest in reirradiation as a salvage measure
for patients with recurrent GBM. Reirradiation is frequently administered in the form of
stereotactic radiosurgery or as hypofractionated radiation therapy (12, 17-22). Fogh et al
(12) reported on a cohort of patients receiving a median dose of 35 Gy delivered in 10
fractions. These results were promising, with median survival time from reirradiation of 11.2
months. Moreover, it seems that the combination of bevacizumab with stereotactic
radiosurgery or fractionated stereotactic radiation therapy (FSRT) may provide superior
outcomes when compared with either treatment alone. A prospective trial showed median
OS of 12.5 months for patients treated with FSRT and bevacizumab (21). In the present
study we have a heterogeneous group of patients. Patients included received a variety of
radiation regimens (stereotactic radiosurgery, FSRT, or brachytherapy). Different dose and
fractionation schedules were used, and these details were not available for analysis. Of those
patients who received reirradiation, approximately 25% received radiation as the only
salvage therapy, and the remainder received some type of systemic treatment in addition to
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radiation. The overall median survival for the entire reirradiation cohort is 11.3 months.
Although in the present study the OS of patients who received radiation treatment is similar
to that of those who received systemic therapy alone, it is hard to draw definitive
conclusions about the value of reirradiation, owing to selection bias. The role of reirradiation
with bevacizumab for recurrent GBM is being evaluated in the randomized Trial RTOG
0525, which recently completed accrual.

Limitations of this analysis must be acknowledged, with the key issue being selection bias
with respect to treatment received after progression. Specifically, patients who did not
receive radiation or systemic treatment most likely represent those with less favorable
conditions as perceived by the treating physician, whereas those selected for additional
therapy, and in particular combination therapy, may have had better prognostic factors at the
time of retreatment decision making. As a result, we may observe improved survival mainly
due to patient factors (eg, KPS, neuro-cognition, age, quality of life). Although identifying
the optimum salvage therapy may improve survival, it is equally important to identify those
patients who would benefit from salvage therapy versus those for whom supportive care
alone is most appropriate. We did examine potential confounding factors (Table 1) and
incorporated these factors into models (Table 3), but residual confounding by unmeasured
factors may persist. In particular, important factors that may mediate survival or act as
surrogates for expected prognosis, such as surgery type at progression, were included, but
control of confounding may still not be adequate. Methods such as propensity score analysis
were considered, but the covariates available did not prove strong predictors of treatment
class on which to stratify or match, and thus results of such analyses would resemble those
of the adjusted estimates presented here. More informative factors, such as KPS,
neurocognitive measures, and other patient factors at the time of progression, were not
reliably collected. Nonetheless, the adjusted results are provocative and suggest benefits of
salvage radiation and systemic therapy in the recurrent setting. The number of patients who
only received radiation treatment as salvage treatment is very low, which makes the accurate
assessment of the benefit of radiation alone difficult.

In conclusion, salvage treatments for patients with GBM after progression were highly
variable. Patients who received no salvage treatment had significantly lower survival than
those who received radiation treatment, chemotherapy, or a combination of both. However,
these results may reflect poorer functional status or other prognostic determinants among the
untreated patients. There was no significant survival difference between patients who
received systemic therapy only and patients who received radiation therapy. Our data suggest
a benefit to salvage treatment in the setting of progressive/recurrent GBM. Despite these
provocative findings, owing to limitations of this retrospective analysis, the role of
reirradiation in the management of recurrent GBM patients, particularly in the setting of
bevacizumab, is yet to be defined and points to the need for prospective trials.
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Summary

Optimal treatment for glioblastoma patients who progress after standard Treatment
chemoradiotherapy remains unknown. We analyzed data from Trial RTOG 0525 to
investigate the effect of reirradiation or systemic treatment on survival after progression.
Salvage treatment options were found to be highly variable. Patients who received no
salvage treatment had significantly shorter survival than those treated after progression.
There was no significant survival difference among patients receiving systemic therapy
(alone or with radiation) or radiation alone.
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Patients enrolled in Trial
RTOG 0525
(n=833)

| (n=169)

Exclude patients without progression

Exclude patients who died less than
half a month after progression (n=27)

Patients analyzed

(n=637)
Patients who received some form
Patients who received Patients who recieved of radiation treatment
neither 'radiatiorl or systemic treatment only (n=84)
systemic treatment (n=282) (Radiation and systemic treatment,
(n=267) n=64; Radiation alone, n=24)

Fig. 1.
Patients included in the study.
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Kaplan-Meier survival estimates by treatment group. Abbreviation: RT = radiation therapy.
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Table 2

Average monthly death rate and Kaplan-Meier estimates of median survival by treatment group

Estimated median (range) survival

Treatment group No. of patients  No. of deaths  Average deathsper mo  (mo)

Neither radiation nor systemic therapy 267 237 0.133 4.80 (3.81-5.58)
Radiation therapy only 24 21 0.108 8.21 (6.01-9.89)
Systemic therapy only 282 229 0.064 10.55 (9.53-12.06)
Both radiation and systemic therapy 64 58 0.064 12.22 (10.18-15.12)
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