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Review

G lioblastoma (grade IV glioma, GB) 
is the most common of the prima-
ry malignant gliomas. Advances in 
the past decade have clarified that 
adjuvant treatment can improve 

quality of life and survival. The current standard of 
care for newly diagnosed patients with GB after op-
timal resection is focal radiation with concurrent 
(chemoradiation) and post-radiation temozolomide 
(Temodar). This regimen was shown to improve 
overall survival in a randomized phase III study.1 
Furthermore, a subgroup of patients whose tumors 
were shown to have low levels of O6-methylguanine 
DNA methyltransferase (MGMT), the enzyme 
that repairs DNA damage due to temozolomide, 
showed overall survival of 46% at 2 years and 14% 
at 5 years.2,3

Biodegradable wafers impregnated with car-
mustine (Gliadel) implanted at the time of resec-
tion are another approved therapy for patients with 
newly diagnosed high-grade gliomas (GB and ana-
plastic gliomas, grade III glioma).4 Although short-
term survivals for GB patients are similar with Gli-
adel compared to focal radiation with concurrent 
and post-radiation temozolomide, the latter results 
in superior long-term survival (1.9% at 56 months 
for Gliadel and 9.8% at 60 months for temozolo-
mide).3,5 The nitrosoureas lomustine (CeeNU) and 
carmustine (BiCNU) were approved in the 1970s for 
use as single agents or in combination therapy in pa-
tients with glioma who had received surgery and/or 
radiation. These agents no longer have a clear role in 
the initial treatment of malignant glioma, although 
practitioners use them, often in combination therapy, 
for patients with recurrent GB and anaplastic oligo-

dendrogliomas, a chemosensitive subtype of glioma.6
Despite the use of the above approved therapies, 

GB invariably recurs. In the absence of effective 
treatment options, treatment approaches for recur-
rent GB have been varied. This article will review 
the most common accepted treatment options for 
recurrent GB and discuss emerging strategies. In 
the absence of a clear standard of care for newly 
diagnosed anaplastic gliomas, treatment at recur-
rence is largely dictated by prior therapies received, 
as noted below.

Tumor progression or treatment effect?
Glioblastoma recurrence is suspected when a pre-

viously stable patient develops recurrent or new neu-
rologic signs and symptoms or when surveillance 
imaging (preferably MRI with gadolinium) shows 
increased tumor size or new enhancement likely as-
sociated with increased edema. However, clinical and 
imaging changes may result from perioperative com-
plications such as infection or ischemia, a change in 
steroid use, or radiation necrosis (also called pseu-
doprogression). In fact, studies have shown that up 
to half of patients with presumed early tumor pro-
gression during or after chemoradiation actually 
have radiation necrosis (Figure 1).7 These data have 
led some clinicians to suggest that a minimum of 3 
cycles of adjuvant temozolomide be given before a 
conclusion of tumor progression is made.
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Several imaging modalities, such 
as magnetic resonance perfusion with 
or without spectroscopy and positron 
emission tomography, are used to help 
distinguish tumor recurrence from 
pseudoprogression but are not always 
reliable.8 In these cases, repeat imaging 
can be useful, although surgery may be 
necessary to relieve mass effect and ob-
tain a tissue diagnosis.

Approved therapies for 
recurrent glioblastoma

There are currently three US Food 
and Drug Administration (FDA)–
approved therapies for recurrent GB: 
Gliadel wafers; bevacizumab (Avas-
tin), a humanized monoclonal anti-
body that sequesters vascular endo-
thelial growth factor-A (VEGF); and 
the NovoTTF-100A System (Novo-
Cure; Portsmouth, NH), which de-
livers low-intensity, alternating elec-
trical fields (called tumor treatment 
fields) to the tumor bed that may in-
hibit cell growth by disrupting micro-
tubule formation.9

The prospective randomized study 
that led to the approval of Gliadel 
demonstrated a modest increase in 
overall survival, from 23 weeks in 

those patients who received placebo 
wafers to 31 weeks for those receiving 
Gliadel.4 This study included recur-
rent anaplastic gliomas and GB, and 
the benefit in the GB subgroup was 
smaller than in the group as a whole. 
Furthermore, this and other studies 
predated the use of chemoradiation 
and adjuvant temozolomide, and it is 
unclear what benefit, if any, Gliadel 
offers in recurrent GB patients treated 
with prior temozolomide.

The approval of bevacizumab for re-
current GB in the United States was 
based on two clinical trials that evalu-
ated bevacizumab as a single agent or 
combined with irinotecan in patients 
with tumor recurrence after initial 
treatment with chemoradiation and 
adjuvant temozolomide. The compara-
tive study enrolled 167 patients, 85 in 
the bevacizumab-alone arm and 82 in 
the bevacizumab plus irinotecan arm.10 
The objective response rate was 25.9% 
in patients who received bevacizumab 
monotherapy. There were no complete 
responses per outside review. The medi-
an duration of response was 4.2 months, 
and the 6-month progression-free sur-
vival (PFS-6) was 36.0 %. The single-
arm study enrolled 56 patients with re-

current high-grade glioma.11 Objective 
response as determined by independent 
review was 19.6%. The median duration 
of response was 3.9 months.

The FDA approved bevacizumab 
for use as a single agent based on the 
improvement in objective response 
rate in these studies (albeit without 
improvement in disease-related symp-
toms or increased survival) and on the 
fact that patients receiving bevacizum-
ab as a single agent had less toxicity 
than those receiving the combination 
with irinotecan and similar outcomes. 
Subsequent studies with bevacizumab 
as a single agent in recurrent GB have 
shown similar PFS-6 rates of between 
29% and 42%; smaller studies in re-
current anaplastic gliomas reported 
response rates ranging between 34% 
and 68% and PFS-6 rates ranging be-
tween 32% and 68%.12,13

The NovoTTF-100A System re-
ceived approval in the spring of 2011 
based on the results of a single mul-
tinational study of 237 patients with 
recurrent GB.14 Patients were ran-
domized to receive either the Novo-
TTF-100A System or chemotherapy 
of their physician’s choice. The Novo-
TTF device includes a battery pack 

FIGURE 1  Pseudoprogression after chemoradiation. MRI of a biopsy-proven grade III astrocytoma before treatment (left panel). Three weeks 
after completion of chemoradiation, there is an increase in the size of the cystic component and enhancement (middle panel), which could 
be interpreted as tumor progression. After 4 cycles of post-radiation temozolomide, the right panel shows a decrease in size and enhance-
ment, supporting the earlier imaging changes as reflective of pseudoprogression. All images are T1 post gadolinium with a 1.5 Tesla magnet.
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(weighing about 6 pounds) and elec-
trodes, which are placed on the scalp 
and designed to be worn for about 20 
hours a day. The results showed that 
patients who used the NovoTTF-
100A System had higher objective re-
sponse rates (12% for NovoTTF com-
pared with 6% in the chemotherapy 
group) and a favorable overall survival 
rate of 6.6 months compared with 6.0 
months for the chemotherapy group. 
The device was well tolerated, with a 
significantly higher incidence of tox-
icities (hematologic and other) in the 
patients receiving chemotherapy.

Temozolomide is approved in Eu-
rope for recurrent high-grade gliomas, 
including both GB and anaplastic as-
trocytoma, but in the United States, it 
is only approved for recurrent anaplas-
tic astrocytoma. These approvals were 
based on studies in mostly chemo-
therapy-naive patients, and although 
it is less clear that rechallenge with te-
mozolomide is useful, as noted below, 
ongoing studies may clarify this issue.

Approach to the patient 
with recurrent GB

In the absence of enrollment in a 
clinical trial, which is encouraged for 
all glioma patients, the approach to 
the patient with recurrent GB should 
take into consideration prior thera-
pies, extent of recurrence and loca-
tion, and general medical condition. 
An initial consideration is whether 
the patient is a candidate for further 
resection and/or radiation. Re-resec-
tion can relieve mass effect and reduce 
the need for steroids, can provide his-
tologic confirmation of the diagno-
sis, and likely can increase survival, 
although this has not been shown 
in randomized studies.15 For a pa-
tient with contraindications for fur-
ther systemic chemotherapy and who 
is undergoing resection, Gliadel is a 
reasonable consideration, and it does 
not preclude use of bevacizumab or 
NovoTTF.

Re-irradiation with single-fraction 
or fractionated stereotactic radiation 

is feasible in patients with localized 
recurrent disease. Small, single-arm 
prospective studies and retrospec-
tive reviews suggest a benefit, and the 
focused delivery modalities reduce 
the dose to surrounding brain tis-
sue, minimizing the risk of radiation 
toxicity.16 In some studies, low-dose 
temozolomide or bevacizumab was 
combined with re-irradiation with re-
sults suggesting both tolerability and 
efficacy.17 We have found re-irradia-
tion to be a good alternative for those 
patients who develop profound and 
prolonged myelosuppression (usual-
ly thrombocytopenia) during initial 
treatment with temozolomide and 
who have tumor progression before 
recovery of the counts.

Bevacizumab is currently the most 
common single agent used for glioma 
recurrence and is usually dosed at 10 
mg/kg every 2 weeks until disease pro-
gression, unacceptable toxicity, or the 
decision to discontinue care. Due to its 
potent anti-VEGF activity, which re-
sults in normalization of highly perme-
able tumor vessels, bevacizumab often 
produces rapid and marked reduction 
in edema and contrast enhancement 
on neuroimaging.18 This can produce 
rapid clinical and imaging responses, 
although whether this reflects true an-
tiglioma activity remains under debate.

Resolution of mass effect and con-
trast enhancement can also coexist with 
progression of nonenhancing fluid-at-
tenuated recovery (FLAIR) abnormali-
ty that reflects a phenotypically invasive 
tumor recurrence pattern, with GB co-
option of normal cerebral vessels and 
diffuse, multilobar perivascular spread 
of tumor cells. The imaging changes 
can make evaluation of tumor response 
and progression difficult if one relies on 
the standard criteria of two-dimension-
al measurement of enhancing disease; 
new criteria that take into consider-
ation nonenhancing signal abnormality 
changes have been proposed.19

Bevacizumab is well tolerated in 
the brain tumor population, with the 
same spectrum of side effects seen in 

other cancer populations (hemorrhage, 
thrombosis, hypertension, bowel per-
foration, impaired wound healing, 
and proteinuria).12,13 The incidence of 
life-threatening events, such as signifi-
cant intracranial hemorrhage (3%) or 
thromboembolism (2%–12%), is with-
in the expected range for the popu-
lation and is not clearly increased by 
bevacizumab.12

Several small series have reported 
that corticosteroid reductions were 
feasible in 33%–59% of patients with 
recurrent GB after bevacizumab treat-
ment, and others have reported aver-
age corticosteroid dose reductions of 
72% and 59%.11,13 This is an important 
benefit of bevacizumab, as chronic or 
high-dose corticosteroid use in pa-
tients with glioma is associated with 
significant morbidity. The ability of 
bevacizumab to control edema con-
founds the definition of tumor pro-
gression. Figure 2 shows a patient who 
had early neurologic improvement af-
ter initiation of bevacizumab and then 
remained clinically stable without cor-
ticosteroids over 14 months of therapy, 
despite slow continuous growth of the 
tumor mass.

Bevacizumab is also tolerated by 
older patients; there is an intrigu-
ing study suggesting that not only do 
older patients tolerate bevacizumab, 
they may also have increased benefit 
over younger patients (age separation: 
younger than 55 years or 55 years and 
older).20

Another option for some patients, 
prior to bevacizumab, is rechallenge 
with temozolomide at alternative 
dosing schedules, which result in pro-
longed exposure to higher cumula-
tive doses than that achieved by stan-
dard 5-day dosing.21 Resistance to 
temozolomide occurs through direct 
repair of DNA by MGMT; a pro-
posed mechanism to overcome resis-
tance would be to deplete tumor-cell 
MGMT. Several studies have shown 
that prolonged exposure of peripher-
al blood mononuclear cells results in 
depletion of MGMT, and it has been 



174  COMMUNITY ONCOLOGY  ■  April 2011 www.CommunityOncology.net

REVIEW  Rosenfeld/Albright/Pruitt

suggested that this could also occur in 
glioma cells.22 Other studies suggest 
that prolonged exposure to temozolo-
mide may be directly toxic to endo-
thelial cells.23 These data provide a ra-
tionale for temozolomide rechallenge 

using alternative dose and dosing 
schedules that deliver higher culmu-
lative doses over prolonged periods.

Commonly tried temozolomide 
schedules have been 21 days on/7 days 
off at doses of 75–100 mg/m2, 7 days 

on/7 days off at a dose of 150 mg/m2, 
and continuous daily dosing at 50 mg/
m2 (Table 1). These schedules were 
well tolerated in these pretreated pa-
tients, with cumulative leukopenia af-
ter several cycles. Results have shown 

FIGURE 2  Imaging changes with bevaci-
zumab. This 57-year-old woman presented 
with a second recurrence of glioblastoma 
2 years after chemoradiation and 6 cycles 
of adjuvant temozolomide and 6 months 
after 8 cycles of low-dose temozolomide. 
The images show post-contrast T1-weighted 
sequences (A, C, E) and fluid-attenuated re-
covery (FLAIR) sequences (B, D, F). Baseline 
images (A, B) show a left frontal mass with 
enhancement, edema, and some mass ef-
fect. Eight months later, after 4 cycles of 
bevacizumab (dosed every 2 weeks with 3 
doses per cycle), there is decreased periven-
tricular enhancement and edema (C) and 
improved FLAIR signal (D) but enlargement 
of the enhancing left frontal mass, which 
would meet standard definitions of tumor 
progression. The patient was neurologically 
stable and remained on treatment. Nine 
months later, after 5 additional cycles, she 
remained neurologically stable (and was 
not receiving corticosteroids). At this time, 
the mass has continued to increase in size 
(note: there is also invasion of the frontal 
sinus; E), with increasing FLAIR abnormal-
ity, likely reflecting a progressive infiltrating 
nonenhancing tumor (F).
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PFS-6 of 23%–48% with a suggestion 
(not supported by all studies) that 
best responses are seen in patients 
who were rechallenged after a treat-
ment-free interval (from standard ad-
juvant temozolomide).24–27 Responses 
were also similar in patients with high 
and low levels of tumor MGMT, sug-
gesting that these regimens may over-
come MGMT-mediated resistance.28

In addition to bevacizumab and te-
mozolomide, lomustine, carmustine, 
irinotecan, cisplatin, and carboplatin 
have shown modest efficacy in stud-
ies as single agents or in combination 
regimens.29–31 The populations in these 
studies usually included both recurrent 
GB and anaplastic tumors, including 
oligodendrogliomas, and were carried 
out prior to standard use of chemora-
diation and adjuvant temozolomide. 
Thus, it is difficult to extrapolate how 
these results would translate into to-
day’s patient population. Interestingly, 
in a recent randomized phase III tri-
al of recurrent GB (after prior temo-
zolomide), lomustine was found to be 
superior to the investigational pan-
VEFG receptor inhibitor cediranib.32

As noted, the NovoTTF-100A 
System was only recently approved, 
and experience is limited. Despite the 
need for patients to wear the device for 
20 hours a day, and for intermittent 
adjustments to electrode placement 
at a clinic site, patient compliance in 
the study was good, and toxicities were 
minimal. It is clearly an option for pa-
tients with recurrent GB, but addi-
tional experience is needed to clarify 
the optimal time of use. The device is 
currently under study for the treatment 
of newly diagnosed GB; results of this 
study may help clarify the role of No-
voTTF in treating this malignancy.

In deciding which of the above 
strategies to use at first or even subse-
quent recurrences, we take into consid-
eration the rapidity of tumor growth, 
extent of edema, mass effect, need for 
corticosteroids, and symptoms. Fur-
thermore, to date there are no agents 
that improve outcomes when com-

bined with bevacizumab or used after 
relapse on bevacizumab. This is often 
the last treatment regimen many pa-
tients receive before palliative end-
of-life care. Thus, for a patient with a 
small, asymptomatic recurrence found 
on surveillance imaging and in the ab-
sence of an available clinical trial, we 
initiate therapy with any of the above-
mentioned standard chemotherapeu-
tic agents. At tumor progression and if 
chemotherapy is still tolerated, anoth-
er agent may be tried. In contrast, the 
patient with a rapidly growing, large, 
or symptomatic recurrence requiring 
increasing doses of steroids will usu-
ally have an immediate clinical bene-
fit from bevacizumab, which will im-
prove quality of life.

Recurrent anaplastic 
gliomas

There is less consensus on how to 
treat anaplastic gliomas (anaplastic 
astrocytoma, anaplastic oligodendro-
glioma, and mixed anaplastic oligoas-
trocytoma) at initial diagnosis and 
therefore even more variability in how 
these patients are treated at recurrence. 
The study that showed the benefit of 
chemoradiation and adjuvant temo-
zolomide for newly diagnosed GB 
excluded patients with anaplastic tu-
mors.1 A meta-analysis of clinical trials 
included adults with high-grade glio-
ma who after initial surgery were treat-
ed with radiation plus chemotherapy 

(most often a nitrosourea) or radiation. 
The results only suggested that chemo-
therapy provided an additional surviv-
al benefit over radiotherapy alone for 
both GB and anaplastic patients.

Many cite the above data as the ra-
tionale for including temozolomide in 
the initial treatment of anaplastic tu-
mors.33 Others, however, cite the results 
of NOA-04, a large study of patients 
with anaplastic glioma randomized to 
receive initial therapy with radiation or 
one of two chemotherapy regimens: 
procarbazine (Matulane), lomustine, 
and vincristine (PCV) or temozolo-
mide.34 At tumor progression, patients 
who had received radiation were treat-
ed with either PCV or temozolomide, 
and those initially treated with either 
chemotherapy regimen were irradi-
ated. This study demonstrated no dif-
ference in time to treatment failure or 
PFS among the three groups or any 
significant difference between the two 
chemotherapy regimens. Patients with 
anaplastic astrocytomas fared worse 
than those with anaplastic oligoden-
drogliomas or mixed tumors, suggest-
ing that the latter groups may do well 
with initial chemotherapy only and 
then radiation at recurrence.

For patients with anaplastic tumors 
who have not previously been treated 
with temozolomide, studies do sug-
gest that its use at recurrence is ben-
eficial. In one phase II study, temo-
zolomide-naive patients, or those who 

Table 1

Recurrent glioblastoma and temozolomide rechallenge
Reference	 PFS-6, %a	 Temozolomide regimen

Wick et al, 200924	 27.7	 •	150 mg/m2 on days 1–7 and 15–21 of a 
			   28-day cycle 
		  •	75 mg/m2 on days 1–21 of a 28-day cycle
		  •	40 mg/d continuous

Perry et al, 201025	 23.9	 50 mg/m2/d continuous

Wick et al, 200426	 48.0	 150 mg/m2 on days 1–7 and 15–21 of a 
		  28-day cycle

Brandes et al, 200627	 30.3	 75 mg/m2 on days 1–21 of a 28-day cycle

Wick et al, 200728	 43.8	 150 mg/m2 on days 1–7 and 15–21 of a 
		  28-day cycle

a Six-month progression-free survival is for the entire cohort of glioblastoma patients. Some studies also provided 
results of cohorts stratified according to the timing of tumor progression during or after initial adjuvant therapy 
with chemoradiation and adjuvant temozolomide.
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had previously received a nitrosourea, 
showed a 35% overall response rate 
and PFS-6 of 46% when treated with 
temozolomide at first recurrence.35 A 
recent study (RESCUE) evaluating a 
continuous low-dose temozolomide 
regimen of 50 mg/m2 in recurrent GB 
and anaplastic tumors demonstrated 
a PFS-6 of 35.7% for the anaplastic 
subgroup that contained patients who 
had previously had a variety of initial 
therapies, including chemoradiation.25

With the knowledge that the pres-
ence of chromosome 1p/19q code-
letions in anaplastic tumors is prog-
nostic for better outcomes,36 two 
ongoing studies will hopefully pro-
vide definitive answers for the treat-
ment of recurrent anaplastic gliomas. 
The Chemoradiation and Adjuvant 
Temozolomide in Non-deleted An-
aplastic Tumors (CATNON) study 
will randomly assign patients after 
surgery to receive either chemora-
diation or radiation alone. Following 
this therapy, there is a second ran-
domization to adjuvant temozolo-
mide or observation only. The trial 
endpoint is overall survival. The phase 
III intergroup study of radiothera-
py versus temozolomide alone ver-
sus radiotherapy with concomitant 
and adjuvant temozolomide for pa-
tients with 1p/19q codeleted anaplas-
tic glioma (CODEL) will determine 
whether these patients with inherent-
ly better outcomes may do just as well 
with less aggressive therapy.

Several studies of bevacizumab have 
included recurrent anaplastic gliomas. 
Two studies of the combination of be-
vacizumab and irinotecan produced re-
sponse rates of 55%–66% and PFS-6 
of 56%–61%, suggesting activity.12,37 
Extrapolating from the GB data, it is 
likely that single-agent bevacizumab 
would be efficacious and less toxic than 
this combination.

Emerging strategies
The identification of prognos-

tic and predictive markers is paving 
the way for individualized treatment 

planning. In addition to the prog-
nostic value of 1p/19q codeletions 
in anaplastic gliomas, the presence 
of MGMT promoter methylation in 
GB is likely predictive of response to 
temozolomide, although this is still 
under debate. There has been recent 
excitement about the demonstration 
that the presence of mutated isoci-
trate dehydrogenase 1 (IDH1) in gli-
omas is a robust independent factor 
associated with better outcome.38 For 
example, in a series of patients with 
anaplastic glioma, patients with the 
IDH1 mutation had a median surviv-
al four times longer than that of those 
without the mutation (81.1 months 
vs 19.4 months).39 This raises the 
question of the role of mutated IDH1 
in glioma biology and makes it a po-
tentially valuable therapeutic target.

Ongoing gene-expression profil-
ing studies are showing that histo-
logically indistinguishable GB can 
be clustered into distinct molecular 
subtypes, with widely different out-
comes and responses to treatment.40 
This likely contributed to the failure 
of past clinical trials, as the popula-
tions under study were, in fact, too 
diverse; potentially efficacious agents 
for one or more subtypes may have 
been overlooked. These studies are 
also identifying novel cellular tar-
gets such as MET, fibroblast growth 
factor receptor (FGFR), heat shock 
protein-90 (HSP-90), and hypox-
ia-inducible factor 1α (HIF1α).41 
Other research is focusing on targets 
involved in glioma migration and in-
vasion such as tenascin, the Src family 
of nonreceptor tyrosine kinases, the 
Rho family of small GTPases, and in-
tegrins. The role of glioma stem cells 
in glioma development and resistance 
to therapy is another emerging area of 
study and has led to the identification 
of specific glioma stem cell targets 
such as Notch and Sonic hedgehog.42

Conclusion
High-grade gliomas are challeng-

ing to treat, and there is often no clear 

standard of care. The Glioma Out-
comes Project tracked clinical practice 
patterns and outcomes among North 
American patients with malignant 
glioma between 1997 and 2000.43 The 
results showed that patients treated at 
academic centers were significantly 
more likely to receive chemotherapy 
or radiation therapy, to participate in 
clinical trials, and to have longer sur-
vival times than those treated at com-
munity centers. Whether these re-
sults would be the same today, with 
the routine use of temozolomide and 
bevacizumab, is unclear, but they do 
support referral of these patients to 
centers with multispecialty clinics. 
This is, however, not always feasible, 
and patients may choose to stay close 
to home.

For patients with recurrent high-
grade gliomas, there are several avail-
able therapeutic options, including 
operation, irradiation, and additional 
systemic therapies, which are avail-
able at most centers. Although the 
optimal sequence in which therapies 
should be given has not been clari-
fied, these treatments can delay the 
onset of neurologic deficits and result 
in improved quality of life and likely 
prolonged survival. Additionally, the 
appropriate management of comor-
bidities such as seizures and brain 
edema is essential, and several perti-
nent reviews are available.44,45
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