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Abstract Elderly or frail patients with high-grade glio-
mas (HGG) can be effectively treated with an abbreviated
course of radiation therapy (RT) consisting of 40 Gy in 15
fractions. Concurrent temozolomide (TMZ) improves sur-
vival in non-elderly patients with glioblastoma treated with
standard schedule of 60 Gy in 30 fractions. We describe
our institutional experience of combining abbreviated RT
with concurrent TMZ for treatment of HGG. Between 1/1/
2004 and 2/5/2010 31 patients were treated. Survival was
estimated with the Kaplan—Meier method. Toxicity was
scored according to CTCAE 3.0. Median age was 66 years
(range 32-90), and 17 patients had Karnofsky performance
score <70. At the time of analysis, 30 patients (98 %) had
died, with a followup of 14 months in the surviving patient.
Median survival was 11 months (range 1-20), and 41 % of
patients were alive at 12 months. Thirty patients (97 %)
had a decreased corticosteroid requirement after completion
of therapy. Only one new hospitalization for worsening
neurologic status was required during therapy. Grade 3—4
hematologic toxicity occurred in 11 patients. Abbreviated
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RT with concurrent TMZ provides a clinical benefit, is safe
and tolerable in patients of advanced age or poor functional
status.
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Introduction

Malignant gliomas are the most common primary brain
tumor with highest incidence among the elderly. They are
universally fatal and are generally associated with a rapidly
progressive course, especially in the elderly or patients
with low performance status [1, 2]. Radiation therapy (RT)
improves survival in patients with malignant gliomas as
compared to supportive care alone [3, 4]. Given the short
expected survival of patients in the poor prognosis group,
efforts have been made to shorten the RT treatment time
[5-8]. Based on a randomized trial, an abbreviated sche-
dule of 40 Gy/15 fractions is comparable to the standard
radiation schedule of 60 Gy/30 fractions with regard to
survival and post-treatment quality of life in patients with
glioblastoma multiforme (GBM) age 60 or over [9].
Temozolomide (TMZ), an oral alkylating agent with
good CNS penetrance has been shown to improve survival
with minimal hematologic toxicity when given concur-
rently with conventionally fractionated radiation (60 Gy)
in patients under 70 and with good functional status [10].
The efficacy of TMZ together with its favorable toxicity
profile and ease of administration, has led our institution to
offer it to patients in the poor prognosis group, due to
advanced age or poor functional status, undergoing
abbreviated RT. Here we review our experience in order to
describe the safety and tolerability of this approach.
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Methods and materials

After obtaining IRB approval, our institutional database
was searched for patients with high-grade gliomas (HGG)
who received 15 or fewer fractions of radiation between
1/1/2004 and 2/5/2010. Thirty-one consecutive patients
scheduled for abbreviated RT (37.5-41.4 Gy in 14-15
fractions) with concurrent TMZ were identified and their
records reviewed.

Pre-radiotherapy variables recorded included patient’s
age, gender, date and type of surgery, histology of the
tumor, daily steroid requirement, Karnofsky performance
score (KPS) and baseline hematology profile. All the
hematologic laboratory data for the weeks on treatment
were queried. Post-treatment variables included use of
adjuvant chemotherapy, daily steroid requirement within
2 weeks, KPS within 3 months, number and length of
hospitalizations lasting over 24 h within 2 months of
completing concurrent therapy. Pre- and post-RT KPS
values were available in the medical record for 25 patients.
For the remaining five patients KPS was estimated as
< or >70 to characterize the cohort only (Table 1); these
data were not used for pre- and post-RT KPS comparison.
Median survival from the date of surgery (biopsy or
resection) was estimated with the Kaplan—Meier method.

Results
Patient and tumor characteristics

Among the 31 consecutive patients scheduled to receive
abbreviated RT with concurrent TMZ, all were offered this
fractionation scheme because of advanced age or poor
KPS. The median age was 66 years (range 32-90 years),
and 19 patients (61 %) were 60 or older (Table 1). Sev-
enteen patients had KPS <70, and all those younger than
60 were in this group. Twenty-six patients had a histo-
pathologic diagnosis of WHO grade 4 glioma, including 25
glioblastomas and one gliosarcoma. Two patients had
anaplastic astrocytomas, one patient had a HGG with oli-
godendromal and astrocytic features, and two patients had
gliomatosis cerebri. Promoter methylation status of the O°-
methylguanine-DNA methyltransferase gene was unknown
in the majority of cases (n = 28).

Treatment characteristics

Debulking surgery was performed in 17 patients (55 %) and
biopsy was the only surgery in 14 patients (45 %). RT was
delivered using conventional 2D technique (n =9), 3D
conformal technique (n = 2), IMRT (n = 18) and a combi-
nation of techniques (n = 2). Computer tomography-based
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Table 1 Patient and treatment characteristics

Patient characteristics N %
Age, y
<50 5 16.1
50-59 7 22.6
60-69 6 194
>70 13 41.9
Median 66
Gender
Female 15 48.4
Male 16 51.6
Pre-RT KPS
<70 17 54.8
70-100 14 45.2
Extent of surgery
Biopsy 17 54.8
Subtotal resection 9 29.0
Total resection 4 12.9
Radiation technique
2D conventional 9 29.0
3D conformal 2 6.5
IMRT 18 58.1
Combination 2 6.5
Concurrent TMZ
Full course 30 96.8
Interruptions 1 3.2
Discontinued 1 3.2
Adjuvant TMZ 22 71

KPS Karnofsky performance score, TMZ temozolomide

simulation was performed with patients immobilized in the
supine position using a thermoplastic mask. 3D and IMRT
treatment plans were generated using our in-house treatment
planning system. Twenty-seven patients received 40 Gy in 15
fractions, two patients received 37.5 Gy and 41.4 Gy in 15
fractions, each. One patient with prior history of receiving
14 Gy in seven fractions 7 months previously (before dis-
continuing to pursue alternative therapy), received 37.4 Gy in
14 fractions at the time of his second presentation to our
institution with disease progression. One patient was pre-
scribed 40 Gy in 15 fractions, but after five fractions she
required a treatment break due to unrelated intercurrent
medical issues. She eventually completed an additional five
fractions of 350 cGy for a total dose of 30.85 Gy. Thus, a full
course of radiotherapy was completed as initially prescribed
in 30 of 31 cases, and it was modified and completed as a
more hypofractionated course by one patient.

Concurrent TMZ was prescribed at a dose of 75 mg/m”
per day, 7 days per week from the first to the last day of
radiotherapy for a median of 20 days (range 4-26 days).
Twenty-two patients received adjuvant TMZ starting within
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1.2 Table 2 Average pre and post-RT parameters
1) N Pre-RT Post-RT
Mean daily dexamethasone 31 14 + 7 (mg) 7 £ 5 (mg)
> 089 intake £ SD
= Median KPS (IQR) 25 70 (60-70) 60 (55-67.5)
8 0.6 Median 0S=11 months
S SD standard deviation, /QR interquartile range
° 9
a 047
024 Table 3 Change in parameters pre-RT verses post-RT
0 . . . ¢ . Stable Improved Total(stable/improved)
0 5 10 15 20 25
Months Daily steroid 5/31 25/31 30/31 (97 %)
requirement
Fig. 1 Overall survival. Survival was calculated using Kaplan—-Meier KPS 3/25 13/25 16/25 (64 %)

method from date of surgery

1 month of completing RT for a median of 4 months using
the following dosing schedules: 150-200 mg/m? during
days 1-5 of a 28 day cycle (20 patients), 150 mg/m? on
days 1-7 and 15-21 of a 28 day cycle (one patient), and
50 mg/m” daily (one patient). One patient received con-
current and adjuvant bevacizumab at a dose of 10 mg/kg
every 2 weeks for 4.5 months.

Survival and quality of life

At the time of the final analysis, 30 patients (98 %) had
died, with follow up of 14 months in the remaining patient.
Median survival was 11 months (range 1-20 months)
(Fig. 1). Survival was the same when 25 patients with
GBMs were considered separately (data not shown). The
patient who received bevacizumab survived 9 months.
41 % of the patients were alive at 12 months.

After completion of abbreviated RT with concurrent
TMZ, 25 patients (81 %) had decreased and five patients
(16 %) had stable daily corticosteroid requirements
(Tables 2, 3). The median KPS after diagnosis-defining
surgery and before initiation of RT was 70 (Interquartile
range, IQR 60-70) (Tables 1, 2). In keeping with well-
established trends [9], the median KPS declined to 60 (IQR
55-67.5) within 1-3 months after completion of RT. KPS
was stable or improved in 16 of the 25 evaluable patients
(64 %) (Table 3). The patient who received bevacizumab
was tapered off corticosteroids within 2 weeks of finishing
RT, and had a stable KPS of 80 at 2 months.

Treatment tolerability

Treatment interruptions and new hospitalizations were
assessed to evaluate treatment tolerability. Fifteen patients
were hospitalized during initiation of RT, but only 11 of them
remained hospitalized for the duration of treatment, 5 patients

resided in subacute rehab facilities and 10 lived at home. Of
ten subjects with outpatient status at the start of RT, five new
hospitalizations were recorded for neurologic decline (one
patient), dapsone-associated acute renal failure and hemoly-
sis (one patient), urosepsis with absolute neutrophil count of
1,300 cells/mcL. (one patient), spontaneous retroperitoneal
hemorrhage in the absence of thrombocytopenia (one
patient), and manic episode (one patient) (Table 4). Two
patients (6.5 %), including the patient with dapsone toxicity
and patient with retroperitoneal hemorrhage, required radio-
therapy interruptions for management of acute medical
problems, lasting 16 and 10 days, respectively. Twenty-nine
patients completed a full course of concurrent TMZ ranging
from 15 to 26 days. TMZ was discontinued after four doses in
the patient with dapsone-associated hemolysis. One patient
had a 7 day interruption in concurrent TMZ in the setting of
non-neutropenic urosepsis.

Hematologic toxicity

Among 28 patients, who had three or more complete blood
counts available while receiving RT, 12 Grade 3 or 4
hematologic events in 11 patients were recorded. Grade 3
anemia and grade 4 lymphocytopenia occurred in one patient
with underlying T cell lymphoma. Additional ten patients
developed grade 3 lymphocytopenia. All patients received
Bactrim (25 patients) or another form of PCP prophylaxis (six
patients). There were no grade 5 events noted.

Discussion
As a tertiary referral center, our institution treats many patients
with HGG. Many of these patients are elderly or frail, and thus

not eligible for standard post-operative therapy consisting of
60 Gy and concurrent TMZ. With the goal of extending
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Table 4 Toxicity

Adverse events N

Treatment breaks 2
Hospitalizations during RT

Neurologic 1

Infectious 1

Other 3
Grade 3/4 hematologic toxicity

Anemia

Neutropenia 0

Thrombocytopenia 0

meaningful life without excessive toxicity, we offer these
patients an abbreviated course of RT (40 Gy in 15 fractions)
together with concurrent TMZ. This retrospective analysis of
our experience shows this approach to be safe and tolerable.

RT is associated with improved survival and quality of life
in patients with HGG and is an integral part of HGG treatment
[4]. Yet the treatment can be especially taxing and burden-
some for the elderly who have a poor expected survival and
therefore, will spend a larger proportion of their remaining
life undergoing treatment. A randomized trial comparing
60 Gy versus best supportive care in patients 70 or older,
showed a significant survival benefit to RT, which prolonged
life by more than twice the amount of time spent on treatment
(2.6 months) [4]. Furthermore, an abbreviated schedule of
40 Gy in 15 fractions, was shown in a randomized trial to be
non inferior to the standard course in a group of patients 60 or
older, in terms of survival and several quality of life mea-
sures, while significantly reducing treatment time [9].

In patients with GBMSs under 70 and with good perfor-
mance status, TMZ has been shown to significantly
improve survival over radiation alone [10]. TMZ is easy to
administer and has a favorable toxicity profile. It is been
well tolerated by GBM patients over 70 when administered
alone [11, 12] or after radiation [13]. In fact, adjuvant TMZ

was shown in a prospective cohort study to improve sur-
vival in patients with GBM 65 or older receiving standard
RT (60 Gy) from 11.2 to 14.9 months [13].

However, there is some suggestion that the relative benefit
of the concurrent RT/TMZ may be reduced with age or RPA
class [2, 14]. Therefore the therapeutic ratio of concurrent RT
and TMZ in the elderly has been a subject of some debate.
Several single arm studies evaluating the standard course of
RT (60 Gy) with concurrent TMZ with or without adjuvant
TMZ in the elderly showed OS times of 10.6—13.7 months
(Table 5) [15-18]. This significantly exceeds the OS seen in
the studies of the elderly treated with radiation alone, how-
ever it is of the same magnitude as OS seen in the sequential
setting when 60 Gy was followed by adjuvant TMZ [13]. In
an effort to reduce the treatment time for the poor-prognosis
group of patients, several institutions have been evaluating
the use of abbreviated RT with concurrent TMZ. These single
institution retrospective series have shown OS times ranging
from 6.9 to 12.4 months [19-21]. To confound the issue,
comparisons to same institution control groups receiving RT
alone have yielded conflicting results as to the benefit of
concurrent TMZ [20, 21]. Such analyses are complicated by
unbalanced and small comparison groups, and should,
therefore, be interpreted cautiously.

Here we present a retrospective analysis of 31 elderly or
frail patients treated at our center with abbreviated RT
(40 Gy/15 fractions) with concurrent TMZ. Although com-
parisons among different studies is difficult, especially when
relatively small and heterogeneous patient populations are
compared, the OS in our group (median age 66, median KPS
70) exceeds that of a group of older patients (median age 71,
median KPS 70) treated with the same schedule of RT alone
[9], and is comparable to the cohorts of a similar age and KPS
treated with abbreviated RT or standard schedule with con-
current and adjuvant TMZ [15, 16, 19-22] (Table 5).

Concurrent therapy was well tolerated with one case of
grade 3 anemia, and no grade 3 or higher neutropenia or

Table 5 Select studies of poor-

. . Study Treatment N of Age KPS % oS
prognosis HGG patients patients Debulked (months)
Roa et al. [9] 40 Gy/15 48 7170 65 5.6
60 Gy/30 47 7270 58 5.1
Combs et al. [15] 60 Gy/30 + TMZ® + adj TMZ (12 %)® 43 67 =70 67 1
Minniti et al. [17] 60 Gy/30 + TMZ + adj TMZ 32 7480 100 10.6
Brandes et al. [16] 60 Gy/30 + TMZ + adj TMZ 58 68 80 100 13.7
All concurrent TMZ was at Sijben et al. [21] 45 Gy/15 + TMZ + adj TMZ 19 70 70 41 8.5
75 mg/m?/day unless otherwise 45 Gy/15 20 67 80 89 52
indicated Cao et al. [20] 40 Gy/15 + TMZ + adj TMZ (70 %) 57 70 80 42 6.9
Adj adjuvant, sal salvage 40 Gy/15 + sal TMZ (44 %) 55 70 70 62 9.3
* 50-75 mg/m’/day Minniti et al. [19] 40 Gy/15 + TMZ + adj TMZ 71 7370 87 12.4
® Percentage of patients receiving  precent srudy 40 Gy/15 + TMZ + adj TMZ (71 %) 31 66 70 45 1

adjuvant TMZ
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thrombocytopenia. Two patients had interruptions in the
radiotherapy, but 30 of 31 completed a course as planned,
and one patient completed a more hypofractionated course
after a modification made while on treatment.

Poor-prognosis HGG patients are quite debilitated and
frequent hospital visits and hospitalizations are required.
Half of the patients in our study were hospitalized before
initiation of chemoradiation. Although it is possible that in
some cases hospitalization was necessitated by daily radi-
ation treatments, it also attests to the poor performance
status of these patients and helps to define the burden of the
disease on the individual. Of five new hospitalizations
recorded during the concurrent phase of therapy, only one
may be directly related to therapy in a patient who had a
temporary worsening of neurologic function requiring a
short inpatient stay, but not discontinuation of therapy.

Unfortunately, the KPS continues to decline within
months among the elderly with GBM despite most effective
treatment [9]. Therefore, quality of the remaining life is an
important factor in choosing the most appropriate therapy
for these patients. Using daily corticosteroid requirements
and KPS as broad surrogate measures of neurologic function
we noted a favorable response to therapy with 97 % of
patients having decreased or stable corticosteroid require-
ment and 64 % of patients having improved or stable KPS.
Moreover, only four of 31 patients required an intensive
level of medical care offered by an inpatient unit within two
months after undergoing concurrent treatment, while most
patients could be treated in the outpatient setting. Mean-
ingful time with their loved ones in a home or residential
setting is an important treatment goal in this patient popu-
lation. Combining an abbreviated radiotherapy course with
concurrent TMZ helps patients achieve this goal by allowing
them to finish their treatment faster with reasonable out-
comes. Some concerns have been raised regarding the det-
rimental effect of concurrent therapy on neurocognitive
decline in the elderly or frail [16]. If true, this may be further
exacerbated by increase in fraction size associated with
abbreviated therapy warranting future prospective evalua-
tion of neurocognitive function.

A currently open phase III EORTC 26062-22061 trial is
aimed at assessing the efficacy of concurrent TMZ with
abbreviated RT verses abbreviated RT alone in the elderly
in a definitive manner. In addition, TMZ alone has recently
emerged as a potential alternative to RT in this population
[23, 24], suggesting further avenues for future investiga-
tions to define the most appropriate treatment strategy for
poor-prognosis patients. In the meantime, we believe that
the concurrent approach described here represents a rea-
sonable option for frail and/or elderly patients with HGG.
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