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Abstract
Purpose of Review Temozolomide is a first-line treatment for newly diagnosed glioblastoma. In this review, we will examine the
use of temozolomide in other contexts for treating gliomas, including recurrent glioblastoma, glioblastoma in the elderly, diffuse
low- and high-grade gliomas, non-diffuse gliomas, diffuse intrinsic pontine glioma (DIPG), ependymoma, pilocytic astrocytoma,
and pleomorphic xanthoastrocytoma.
Recent Findings Temozolomide improved survival in older patients with glioblastoma, anaplastic gliomas regardless of 1p/19q
deletion status, and progressive ependymomas. Temozolomide afforded less toxicity and comparable efficacy to radiation in
high-risk low-grade gliomas and to platinum-based chemotherapy in pediatric high-grade gliomas.
Summary The success of temozolomide in promoting survival has expanded beyond glioblastoma to benefit patients with non-
glioblastoma tumors. Identifying practical biomarkers for predicting temozolomide susceptibility, and establishing complemen-
tary agents for chemosensitizing tumors to temozolomide, will be key next steps for future success.

Keywords Temozolomide . Low grade glioma . GBM in the elderly . Ependymoma . Pilocytic astrocytoma . Pleomorphic
xanthoastrocytoma . DIPG . Bevacizumab

Introduction

Treatment for glioblastoma has advanced in the last several
decades with the inclusion of temozolomide to standard ther-
apy with surgical resection and radiation, thereby establishing
a well-tolerated, multi-modal regimen providing significant
improvements to survival and outcomes. However, glioblas-
toma represents only a fraction of all gliomas, among which
many subtypes lack an established treatment, especially those
occupying inoperable central nervous system parenchyma,
exhibiting aggressive features, or recurring despite prior ther-
apy. Given the favorable efficacy and tolerability profile of
temozolomide in patients with glioblastoma, the logical

extension would be to incorporate temozolomide in treating
other types of glial tumors. However, current evidence for
temozolomide use in gliomas other than glioblastoma varies
in scope and quality and lacks systematic appraisal.
Accordingly, the aim of this review is not only to present the
recent literature investigating the use of temozolomide in gli-
omas but also to define the lessons and therapeutic challenges
derived from these studies to guide future treatment directions
for a clinically and biologically heterogeneous group of
tumors.

Temozolomide in Glioblastoma

External beam radiation treatment with concurrent and adju-
vant temozolomide became the standard of care treatment for
patients younger than 65 years old with newly diagnosed glio-
blastoma in 2005, after the landmark study published by
Stupp et al. [1•]. The benefit of temozolomide in this setting
has also been shown in other trials [2]. Temozolomide func-
tions by methylating DNA to prevent tumor proliferation, as it
depletes the repair enzyme O6-methylguanine-DNA methyl-
transferase (MGMT), making it especially effective in those
patients whose tumors harbor a methylated MGMT promoter,
rendering the enzyme ineffective [3]. It is an oral agent with
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good penetration through the blood–brain barrier [4, 5] and is
generally well tolerated. Although it can cause hematologic
toxicity and nausea, it has a more favorable side effect profile
than other commonly used chemotherapy regimens like pro-
carbazine, lomustine, and vincristine (PCV).

In addition to treatment of newly diagnosed glioblastoma,
temozolomide has been tested in relapsed disease, but with
variable response rates. Among 9 published phase 2 trials
enrolling patients with recurrent glioblastoma, dosing varied
greatly. Protocols ranged from 40 to 50 mg/m2/day continu-
ously (metronomic or dose-intense regimens), to 75 to
100 mg/m2/day for 21 days in 28-day cycles or for 42 days
in 70-day cycles, or up to 80 to 150 mg/m2/day in alternating
weeks of 28-day cycles [6–14•, 15]. Progression-free survival
at 6 months ranged from 19 to 35.7% for low-dose metronom-
ic regimens, 11 to 30.3% for moderate-dose regimens, and 10
to 43.8% for cyclic high dose regimens. No survival benefit
was conferred by the addition of bevacizumab [16, 17]. These
studies together suggest limited benefit for retreatment with
temozolomide, and overall no discernible differences in treat-
ment efficacy dependent on dose strength or use in combina-
tion with anti-VEGF therapy. However, certain patient char-
acteristics identified in these trials may be predictive for re-
sponse rates to treatment. For example, in the 2010 RESCUE
study, treatment benefit tended to favor patients with a
treatment-free interval after completing standard adjuvant
temozolomide, or with early progression during initial con-
ventional therapy [13]. In the 2015 DIRECTOR trial, favor-
able response rates were overwhelmingly seen in patients with
methylatedMGMTstatus [14•]. In contrast, patients previous-
ly treated with bevacizumab consistently demonstrated poorer
outcomes compared with bevacizumab-naïve patients [8, 12].
Despite these studies, there is no established optimal dosing
regimen for treating recurrent disease. Future studies should
aim to characterize additional biomarkers for responsiveness
to temozolomide in recurrent disease.

Temozolomide in the Elderly
with Glioblastoma

In elderly patients with glioblastoma, treatment is not well
established, as much of the prior clinical research has exclud-
ed or under-represented this age group. Emerging data suggest
temozolomide may be effective as monotherapy or in con-
junction with hypofractionated radiotherapy. Maximal safe
resection remains an appropriate first step in management,
regardless of age [18].

To test the efficacy of chemotherapy in elderly patients, but
limit the potential intolerability of combination treatment, sev-
eral trials provided temozolomide as initial single-agent treat-
ment. The Nordic trial randomized patients ≥ 60 years old to
receive temozolomide monotherapy, hypofractionated

radiotherapy (34 Gy in 10 fractions), or standard radiotherapy
(60 Gy in 30 fractions). The median overall survival was lon-
ger with temozolomide compared with standard radiotherapy
(8.3 vs 6.0 months), and equivalent to hypofractionated radio-
therapy. In patients older than 70 years old, overall survival
was similar for hypofractionated radiotherapy and temozolo-
mide. The hypofractionated radiotherapy was better tolerated
with a higher rate of completion and equivalent survival out-
comes compared with standard radiotherapy. In the temozolo-
mide monotherapy arm, patients with MGMT-methylated tu-
mors had better survival compared to the unmethylated pop-
ulation. The MGMTmethylation status did not affect survival
outcomes in those treated with radiotherapy alone [19].
Similarly, the Methusalem (NOA-08) trial enrolled patients
≥65 years old and compared temozolomide monotherapy
(100 mg/m2/day for 7 days, given every 2 weeks) versus stan-
dard radiotherapy (60 Gy in 30 fractions). Overall survival
was similar between the two groups (8.6 vs 9.6 months), meet-
ing the prespecified endpoint of noninferiority, and there was
longer survival in those with methylatedMGMTstatus [20]. A
Cochrane review of these two studies showed similar
progression-free survival and overall survival when compar-
ing radiotherapy (standard or hypofractionated) with temozo-
lomide monotherapy, and no significant difference in the qual-
ity of life among the groups. However, there was a higher rate
of adverse events in the temozolomide arms, mostly hemato-
logic (neutropenia, thrombocytopenia, or lymphocytopenia),
but also infection and thromboembolic events [2].

Poor performance status is also a concern for some
elderly patients. To address this, a phase 2 non-
randomized study identified 70 patients with KPS < 70
(median = 60) that were treated with temozolomide
monotherapy. It demonstrated improved functional status
in one-third of patients (achieving a KPS ≥ 70), with
increased survival compared with supportive care alone
(25 weeks vs 12 to 16 weeks), especially in those with
methylated MGMT. It was also well tolerated, and non-
treatment-related toxicities led to discontinuation of ther-
apy [21].

Ironside et al. reviewed 39 patients aged 70–83, with
KPS 70–80 and histologically proven glioblastoma, who
declined radiotherapy and were treated with 1–12 cycles
of temozolomide (median, 5) as upfront monotherapy.
These were patients who were otherwise eligible for radio-
therapy. Treatment was commonly discontinued because of
disease progression rather than toxicity. It showed similar
survival outcome to trial populations treated with radiation,
with a median overall survival of 36 weeks and median
progression-free survival of 20 weeks, although MGMT-
promoter methylation was not predictive of outcome [18].
Thus, hypofractionated radiotherapy or temozolomide
monotherapy were deemed reasonable options in the treat-
ment of elderly patients with glioblastoma.
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Temozolomide has also been used in conjunction with ra-
diotherapy in elderly patients, rather than as monotherapy. In a
recent 2017 study (NCIC CE.6/EORTC 26062 trial), elderly
patients ≥ 65 years old were randomly assigned to receive
radiotherapy or radiotherapy with concomitant and adjuvant
temozolomide. This study demonstrated that the addition of
temozolomide to short-course radiotherapy (40 Gy in 15 frac-
tions) resulted in longer survival than radiotherapy alone, with
similar quality of life. In those with methylated MGMT, the
addition of temozolomide nearly doubled overall survival
(13.5 vs 7.7 months) [22•].

Temozolomide in Diffuse Low-Grade Glioma
(Oligodendroglioma and Astrocytoma)

Most of the large studies that evaluated chemotherapy for
infiltrating low-grade gliomas were conducted before the
WHO 2016 update on the classification of central nervous
system (CNS) tumors. Previously, grade II and III gliomas
were classified by histologic morphology. Since then, several
molecular markers have been shown to have superior prog-
nostic and predictive value, leading to the current classifica-
tion system [23]. In the 2016 classification of diffuse glioma,
an oligodendroglioma requires the presence of an IDH muta-
tion and chromosome 1p/19q co-deletion. Astrocytomas,
which lack chromosome 1p/19q co-deletion, are divided into
IDH-wild type and IDH-mutant tumors. Grading is then
based on other subjective histological characteristics such as
high cellularity, mitosis, nuclear atypia, endothelial prolifera-
tion, and necrosis. The trend across studies is that
oligodendrogliomas show a better response to chemotherapy
than astrocytomas [24, 25], and that co-deletion of chromo-
somes 1p and 19q and also IDH-1 and IDH-2 mutations are
independent prognostic factors favoring a response to therapy
[26, 27]. The presence of an IDH mutation can lead to down-
stream methylation of MGMT, which in theory is one mech-
anism explaining the sensitivity to chemotherapy [27].

The current National Comprehensive Cancer Network
(NCCN) guidelines for infiltrative gliomas include maximal
safe resection, usually followed by radiotherapy and chemo-
therapy for residual disease in grade III and high-risk grade II
tumors [28]. Historically, chemotherapy has been used as a
salvage therapy, often following surgical resection and radia-
tion, for recurrent or anaplastic gliomas. Studies have been
conducted to identify how chemotherapy can be used as up-
front monotherapy in an effort to spare or delay the long-term
side effects of radiotherapy, or concomitantly with radiother-
apy [24].

RTOG 9802 was a phase III randomized, controlled study
of radiation with or without adjuvant PCV chemotherapy reg-
imen for high-risk, low-grade gliomas, which began prior to
2016 WHO molecular glioma classification. A total of 251

patients ≥ 40 years old, or under 40 years old with a subtotal
resection or a biopsy, and histologically confirmed grade 2
astrocytoma, oligodendroglioma or oligoastrocytoma were
enrolled from 1998 to 2002, and followed for a median of
11.9 years. In 2016, long-term results of this study were re-
leased, which demonstrated that there is both a longer
progression-free survival, as well as overall survival for pa-
tients who received radiation plus PCV chemotherapy, in
comparison to those who received radiation alone. The medi-
an overall survival was 13.3 versus 7.8 years, and the rate of
progression-free survival at 10 years for those receiving mul-
timodal therapy was 51% versus 21% in those who received
radiation therapy alone. Furthermore, the patients who derived
the most benefit from combined PCV and radiation therapy
were patients with 1p/19q co-deleted tumors and those with
IDH1mutations. This was the springboard for additional stud-
ies targeting either oligodendrogliomas or astrocytomas spe-
cifically, and also highlighted the importance of long-term
follow up in order to identify whether a delayed benefit exists
for this population of patients, as the two initial interim anal-
yses were negative. Although this study showed the impor-
tance of chemotherapy, the question of whether or not temo-
zolomide could be as effective as PCV in the low-grade glio-
ma population remained [29].

The EORTC 22033-26033 study looked at high-risk low-
grade gliomas stratified by 1p/19q co-deletion status. These
participants were randomized to either conformal radiation or
dose-dense temozolomide. There was no significant differ-
ence in progression-free survival between the two groups,
but the median overall survival had not been reached at the
time of publication [30•]. It is likely that data will require
many years to mature, as was the case with RTOG 9802.

RTOG 0424 is the only large prospective study to date that
evaluated overall survival of high-risk low-grade gliomas
treated with radiotherapy with concurrent and adjuvant temo-
zolomide. This was a single arm phase II study that compared
overall survival of those receiving radiation and temozolo-
mide in comparison to historical controls who received radio-
therapy alone. Between 2005 and 2009, 129 patients with
high-risk low-grade glioma were identified, defined as high-
risk with the presence of at least three of the following risk
factors: age ≥ 40, bihemispheric tumor, tumor diameter ≥
6 cm, astrocytoma histology, or moderate-to-severe neurolog-
ic impairment. Patients received radiation 54 Gy in 30 frac-
tions with concurrent oral temozolomide (75 mg/m2/day) and
up to 12 cycles of adjuvant temozolomide (150-200 mg/m2/
day, 5/28 day cycles). Overall survival in those treated with
radiation and temozolomide significantly exceed that of his-
torical controls, with 3-year overall survival rate of 73.5%
receiving treatment, compared with the historical control of
54% [31, 32]. AlthoughMGMTstatus was not initially known
in the 2015 report, post hoc analysis has subsequently re-
vealed that MGMT methylation is an independent prognostic
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factor in high-risk low-grade glioma treated with both radio-
therapy and temozolomide, with improved progression-free
and overall survival [33•].

For chemotherapy options in low-grade gliomas, both tem-
ozolomide and PCVare established treatments for grade II and
grade III gliomas. In a 2014 Cochrane review, Lecavalier-
Barsoum et al. reviewed 931 participants with anaplastic
oligodendrogliomas or anaplastic oligoastrocytomas across
three randomized controlled trials and their overall survival
with a variety of therapies: radiotherapy alone, sequential ra-
diotherapy and PCV, PCV alone, and temozolomide alone.
There was sufficient evidence to conclude that PCV (before
or after RT) improves overall survival in patients with ana-
plastic oligodendrogliomas or oligoastrocytomas. This was
particularly true in those with 1p/19q co-deletion [26].

Despite the demonstrated efficacy of either chemotherapy
regimen for low-grade glioma, there remained uncertainty as
to whether temozolomide or PCV was the superior treatment.
To address this question, these chemotherapies were com-
pared against each other within the 2009 NOA-04 trial, in
which patients received either radiation therapy, temozolo-
mide, or PCV, and permitted to switch from chemotherapy
to radiation, or vice versa, if treatment toxicity became intol-
erable or if there was evidence of disease progression. The
primary outcome consisted of time to disease progression after
two sequential treatment modalities in any order. Although
there was no significant difference in overall survival between
the groups treated with PCVand temozolomide upfront, it was
not powered for direct comparison, and ultimately, there was
insufficient evidence to determine whether temozolomide car-
ried a similar benefit in oligodendroglioma as PCV [34].

In addition to promoting progression-free and overall sur-
vival, it is also important to consider how each chemotherapy
agent impacts tumor growth. Izquierdo et al. examined growth
kinetics of 1p/19q co-deleted low-grade gliomas in patients
who were treated with upfront temozolomide. They found that
27% had regrowth during treatment, and in the remaining
patients, the mean time to regrowth after discontinuation of
temozolomide was 12 months, with 6% of patients remaining
without regrowth 5 years after discontinuing temozolomide.
The low-grade glioma growth kinetics on PCV showed no
patients with regrowth during treatment, duration of ongoing
volume reduction lasted between 28 and 35 months, and at
5 years after treatment, 60% had no regrowth. The proposed
explanation for this is that tumors treated with temozolomide
acquire a hypermutation phenotype that leads to malignant
progression [35•]. This warrants additional study.

The CATNON trial is an ongoing phase III, randomized,
open-label study in which patients with 1p/19q non-co-
deleted anaplastic astrocytomas are divided into four treat-
ment arms: radiotherapy alone, radiation with adjuvant temo-
zolomide, radiotherapy with concurrent temozolomide, or ra-
diotherapy with concurrent and adjuvant temozolomide.

The planned interim analysis has demonstrated clear overall
survival, and progression-free survival benefit in patients who
received radiotherapy with adjuvant temozolomide. Adjuvant
temozolomide increased the median progression-free survival
from 19.0 to 42.8 months, and the 5-year overall survival
increased from 44 to 56%. This is the first study that demon-
strates a clear benefit of temozolomide in non-co-deleted an-
aplastic glioma, despite previous evidence that these tumors
are less chemotherapy-sensitive than co-deleted tumors. The
role of concurrent (rather than adjuvant) temozolomide in
these patients has not yet been determined, with inconclusive
data based on the interim analysis [36•].

The CODEL study is also a phase III study, currently
recruiting patients with 1p/19q co-deleted low-grade or ana-
plastic oligodendrogliomas, with the aim of determining
whether radiation with concomitant and adjuvant temozolo-
mide versus radiation with adjuvant PCV chemotherapy is
more effective in this population.

It is anticipated that the CATNON and CODEL studies will
provide much-needed clinical insight into the role of temozo-
lomide in treating patients with low- or high-grade gliomas.

Temozolomide in Diffuse Intrinsic Pontine
Glioma

Diffuse intrinsic pontine gliomas (DIPG) remain a therapeutic
challenge due to poor prognosis even with treatment, which
typically consists of corticosteroids and radiation therapy,
resulting in median overall survival of 10 to 11 months [37,
38]. Unfortunately, the use of temozolomide in pediatric
DIPG has not provided any additional therapeutic benefit.
Rizzo et al. studied children treated with focal radiotherapy
with concurrent daily temozolomide, followed by adjuvant
temozolomide. At median follow up of 15 months, the prog-
nosis remained poor despite the addition of temozolomide, as
only two out of 15 children were alive, and had progressive
disease [39]. Multiple other studies have also failed to show
improved outcomes in children with DIPG treated with tem-
ozolomide [39, 40]. To illustrate, three trials enrolled children
with newly diagnosed DIPG using concurrent radiation with
temozolomide dosing regimens of 75 to 90 mg/m2/day
followed by adjuvant temozolomide (200 mg/m2/day for
5 days in 28-day cycles or 75-100 mg/m2/day for 21 days in
28-day cycles), with one trial including cis-retinoic acid to the
adjuvant phase of treatment [41–43]. Treatment was overall
well tolerated, however median overall survival in these trials
was not significantly improved compared to historical cohorts,
ranging from 9.5 to 13.5 months [41–43].

The physiologic basis for poor treatment response in
DIPG is not completely understood, but one possible expla-
nation may be regional differences in drug bioavailability: an
in vivo non-human primate model found significantly lower
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levels of temozolomide in the pons compared with the cortex
and cerebral spinal fluid, suggesting that the blood–brain
barrier is not homogenous, and that variable penetration of
drugs at different levels of the central nervous system may
explain why temozolomide (and other chemotherapies) is
ineffective in treating DIPG [44]. Others have argued for
using temozolomide with radiotherapy in these cases be-
cause of lower toxicity in comparison with cisplatin-based
polychemotherapies (which included combinations of cis-
platin, etoposide, ifosfamide, and vincristine) [45•]. In par-
allel, and in part due to the lack of consistent or substantial
clinical benefit of temozolomide for DIPG, ongoing clinical
trials have re-directed focus to alternative mechanistic bases
for treatment, including molecularly targeted therapies such
as mTOR inhibitors, HDAC inhibitors, and CAR-T cells
[46•, 47, 48].

For pontine gliomas in adults, the generalizability of DIPG
treatment from pediatric patients is limited bymultiple factors.
First, several clinical, histologic, and molecular features sep-
arate adult pontine gliomas as biologically and prognostically
distinct from their pediatric counterparts, with survival out-
comes favoring adult-onset disease [49, 50]. Second, the ab-
solute rarity of brainstem gliomas occurring in adult patients
(~2% of all adult glioma cases) has led to an even starker
paucity of data for all treatment modalities, let alone for che-
motherapy [50, 51]. Nevertheless, in instances that include the
use of temozolomide, results are promising: three studies
showed improved survival in adult pontine glioma patients
treated with temozolomide and concurrent radiation; however,
all were limited by their retrospective nature, higher KPS
scores in the treated patients, and small cohort sizes (n = 25,
15, and 7) [49, 52, 53]. Further studies with larger cohorts and
prospective design are needed to determine if such results are
reproducible and clinically meaningful for this rare variant of
adult glioma.

Temozolomide in Non-diffuse Gliomas

Ependymoma

For patients with ependymoma, surgical resection followed
by radiotherapy, remains the standard of care. A significant
number recur and can have multiple relapses, usually lo-
cally, but spread via cerebral spinal fluid is also possible.
This can prompt re-resection, reirradiation, or consideration
of salvage chemotherapy. A variety of chemotherapy
agents have been used, none proving superior to others,
such that there is no standard salvage chemotherapy.
Temozolomide is emerging as an agent that may have a
role, given its historical efficacy in glioblastoma and over-
all tolerability. Freyschlag et al. provide a case study of a
patient with multifocal recurrence after resection and

adjuvant radiotherapy, who had a dramatic regression after
12 weeks and no radiographic progression after 5 months
of surveillance imaging, when temozolomide was adminis-
tered [54]. A retrospective study of 17 patients with grade
III or IV ependymoma by Gramatzki et al. reviewed re-
sponse to temozolomide, PCV, platinum-based chemother-
apy, or epirubicin/ifosfamide. Most of the patients (n = 10)
received temozolomide, with the best response being stable
disease when used for recurrence (after resection and ra-
diotherapy). Two cases that received a combination of ra-
diotherapy and concurrent temozolomide followed by ad-
juvant temozolomide had low median progression-free sur-
vival (3 months) and median overall survival (27 months).
The authors concluded that although temozolomide dem-
onstrated some activity against intracranial ependymoma,
other chemotherapies also produced a response [55].

Another retrospective study identified 18 patients with re-
current ependymoma who were treated with resection and
radiotherapy at various points during their clinical course
(sometimes multiple times) prior to receiving temozolomide
[56•]. There was variability in response, ranging from com-
plete remission (one of 18), partial response (three), stable
disease (seven), and disease progression (seven), with a me-
dian progression-free survival of 9.69 months and median
overall survival of 30.55 months. Notably, those with re-
sponse to temozolomide were chemotherapy-naive, and some
had a delayed response, which was felt to be cumulative over
time.MGMTmethylation status, when it was known (11 of 18
patients), did not correlate with outcome or response, unlike in
glioblastoma [56•].

With these limited data, larger and prospective studies are
needed to elucidate the role of chemotherapy, and specifically
temozolomide, for patients with ependymoma after failure of
surgery and radiation, but it appears to be a reasonable treat-
ment agent, both in terms of effectiveness and tolerability.

Pilocytic Astrocytoma

Pilocytic astrocytomas (PAs) are well-circumscribed, low-
grade neoplasms with favorable prognosis (5-year survival
~97%), and standard treatment consisting of gross total resec-
tion, essentially resulting in cure [28, 57]. However, the ben-
efits of surgery can, at times, be limited by incompleteness of
the initial resection, location of tumor in eloquent parenchy-
ma, or progression due to aggressive disease at onset or ana-
plastic transformation [58–60]. In these uncommon circum-
stances, radiation therapy is typically employed [28, 59], but
limited evidence suggests a potential role for chemotherapy
with temozolomide. In one phase II prospective trial, two-year
progression-free survival was 49% in children with progres-
sive low-grade gliomas (including PAs), and 54% of these
children had disease stabilization without significant toxicities
(grade 2–4 cytopenia occurring in 23%) [61]. In one small
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retrospective study, event-free survival was 57%, and median
time to disease progression was 6.7 months [62]. Further stud-
ies are warranted to clarify the best temozolomide scheduling,
and if concurrent radiotherapy or combination chemotherapy
potentiates anti-tumor activity.

Pleomorphic Xanthoastrocytoma

Pleomorphic xanthoastrocytomas (PXAs), like PAs, have
a favorable prognosis and are typically curable with sur-
gical resection [28]. For subtotal resections or recurrent
disease, there have been no systematic investigations for
the use of adjuvant or salvage temozolomide. The current
published examples instead consist of case reports with
anaplastic PXAs, including those with disseminated mul-
tifocal disease, co-treated with radiation therapy; one pa-
tient was without disease recurrence at 24 months, one
demonstrated radiographic tumor regression at 10 months,
but one patient with multifocal disease had continued pro-
gression and dissemination in the neuroaxis [63–65].
Nonetheless, there is at least some mechanistic basis for
the use of temozolomide to inhibit tumor growth, as sug-
gested by ex vivo experiments in a xenograft murine
model of PXA [66].

The Changing Landscape of Glioma Treatment

More recent advances in cancer treatment have focused on
“precision medicine”. This involves conforming an optimal
treatment paradigm specific to each patient based on genomic,
proteomic, epigenetic, and biomarker data—from both pa-
tients and molecular characterization of their tumor—that in-
forms the molecularly-targeted treatment most likely to pro-
vide clinical benefit [67]. An excellent example of this success
has been the use of BRAF-inhibitors in melanoma tumors
with BRAF v600E mutations [68, 69]. Other recent advances
involve immunotherapy, including immune checkpoint inhib-
itors, CAR-T cells, and bi-specific T cell engagers (BiTE an-
tibodies) [70–72]. Despite this changing treatment landscape,
there is still a role for temozolomide in primary CNS tumors.
It has proven success in glioblastoma and other diffuse glio-
mas, as discussed above. Its success has been less certain in
the non-diffuse gliomas, and targeted agents may ultimately
prove to be more beneficial in these cases. This may be espe-
cially true in tumors that harbor easily targetable mutations.
For example, > 70% of pilocytic astrocytomas harbor a BRAF
mutation, raising the possibility that BRAF inhibitors could
play a future role in targeted treatment for progressive or an-
aplastic disease [73]. However, temozolomide’s long history
and favorable side effect profile still make it an attractive
option.

Conclusion

While the role of temozolomide has been well established for
glioblastoma, its use as a first-line or salvage agent for a vari-
ety of other gliomas has yet to be defined. With limited data
across most tumor types, additional research is needed to de-
lineate the potential role of temozolomide, as monotherapy,
adjuvant therapy, or with concurrent radiation.
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