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Abstract Adding temozolomide (TMZ) to radiation for
patients with newly-diagnosed anaplastic astrocytomas
(AAs) is common clinical practice despite the lack of
prospective studies demonstrating a survival advantage.
Two retrospective studies, each with methodologic limi-
tations, provide conflicting advice regarding treatment.
This single-institution retrospective study was conducted to
determine survival trends in patients with AA. All
patients >18 years with newly-diagnosed AA treated at
Johns Hopkins from 1995 to 2012 were included. As we
incorporated TMZ into high-grade glioma treatment regi-
mens in 2004, patients were divided into pre-2004 and
post-2004 groups for analysis. Clinical, radiographic, and
pathologic data were collected. Median overall survival
(OS) was calculated using Kaplan—Meier estimates. A total
of 196 patients were identified; 74 pre-2004 and 122 post-
2004; mean age 47 + 15 years; 57 % male; 87 % white,
69 % surgical debulking. Mean RT dose 5676 + 746 cGy;
duration of concurrent chemoradiation 5.8 £+ 0.8 weeks;
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and mean adjuvant chemotherapy 4.3 + 2.8 cycles. Base-
line prognostic factors did not differ between groups.
Chemotherapy was administered to 12 % of patients pre-
2004 (TMZ =1, procarbazine, lomustine and vin-
cristine = 2, carmustine wafer = 6) and 94 % post-2004
(TMZ in all, p < 0.001). Median OS was 32 months (95 %
CI 23-43). Survival was longer in the post-2004 cohort (37
mo, 24-64) than pre-2004 (27 mo, 19-40; HR 0.75,
0.53-1.06, p = 0.11). Multivariate analysis controlling for
age, Karnofsky performance status, and extent of resection
revealed a 36 % reduced risk of death (HR 0.64, 0.44-0.91,
p = 0.015) in patients treated post-2004. This retrospective
review found survival in newly diagnosed patients with AA
improved with the addition of temozolomide to standard
radiation. Until prospective randomized phase III data are
available, these data support the practice of incorporating
TMZ in the management of newly-diagnosed AA.
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Introduction

Malignant gliomas account for approximately 80 % of
newly diagnosed malignant primary brain tumors and
include both World Health Organization (WHO) grade III
and grade IV astrocytomas [1]. In 2005, following the
reporting of the randomized phase III EORTC 22981 study
evaluating the impact of temozolomide (TMZ) on survival
in glioblastoma (GBM), radiation therapy (RT) combined
with TMZ became the standard of care for treating GBM
[2]. Of the 573 patients enrolled in this study, however,
only 16 (3 %) had WHO grade III anaplastic astrocytomas
(AAs). Given the aggressive nature of the grade III
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neoplasms and the high risk of transformation to grade IV
histology, some have extrapolated data from the EORTC
22981 study and include TMZ in the treatment of AAs [3,
4]; however, controversy remains.

Despite this trend toward incorporation of TMZ into
treatment regimens for patients with newly diagnosed AA
in some areas of the world, no prospective data exist to
support its inclusion. While both the European Association
for Neuro-Oncology (EANO) and the National Compre-
hensive Cancer Network (NCCN) Guidelines include
radiation alone, chemotherapy alone, or combined modal-
ity therapy with TMZ as treatment options, controversy
remains [5]. In the landmark RTOG 9402 and EORTC
26981 studies which first demonstrated the chemosensi-
tivity of 1p19q codeleted anaplastic oligodendrogliomas to
combination chemotherapy with procarbazine, lomustine
(i.e. CCNU), and vincristine (PCV), similar chemosensi-
tivity was not observed in those patients with non-code-
leted anaplastic oligodendrogliomas [6, 7]. Survival was
not different between the chemotherapy and radiation arms
of the NOA-04 study which was designed to compare early
radiation alone versus early chemotherapy (PCV or TMZ)
followed by the alternative treatment at salvage [8].
However, this study did not include a combination
chemoradiation arm to confirm the benefit of concurrent
chemoradiation with TMZ. Two retrospective studies
reporting on combination chemoradiation with TMZ in
patients with newly diagnosed AA have cautioned its use
even suggesting potential detriment [9, 10]. At our insti-
tution, following the reporting of data from the EORTC
22981 study, standard clinical practice shifted from rec-
ommending RT alone to recommending the incorporation
of TMZ with RT for all patients with AA and GBM (i.e.
high-grade astrocytomas, HGA). Herein, we review our
experience prior to and following this shift in clinical
practice and report on survival trends in patients with AAs.

Methods

A single-institution, retrospective cohort study was con-
ducted of consecutive patients treated at the Sidney Kim-
mel Comprehensive Center between September 1995 and
December 2012. After institutional review board approval
was obtained, the Johns Hopkins Cancer Center Registry
was queried for all adult patients (age >18) with a
histopathologic diagnosis of primary WHO grade III
anaplastic astrocytoma seen at the Johns Hopkins Hospital
(JHH) during the pre-specified time period. Patients with a
histopathologic diagnosis other than WHO grade III pure
anaplastic astrocytoma (i.e. oligoastrocytoma), age <18,
who did not receive adjuvant treatment and follow up at
JHH, or whose grade III astrocytoma arose from a lower-
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grade neoplasm (i.e. secondary) were excluded. Given that
this study was designed to assess the benefit of adding
TMZ to RT, patients who did not undergo RT were
excluded. Comprehensive medical record review was per-
formed including clinic notes, operative notes, radiological
images and results, and pathology reports. All images and
pathology specimens procured at outside facilities were
reviewed and confirmed by experienced neuroradiologists
and neuropathologists at JHH.

Demographic characteristics including age, gender, eth-
nicity, and tumor histology were pooled from the cancer
center registry and confirmed by medical record review. The
date of diagnosis was defined as the first date of
histopathologic confirmation of primary brain tumor. Extent
of surgery was identified as gross total or subtotal resection
or biopsy by operative and clinical notes and when available
by post-operative imaging. Details of treatment including
RT, total radiation dose, all chemotherapy types including
bevacizumab, dosages, and durations were recorded.
Karnofsky performance status (KPS) at or immediately
before initiation of RT was dichotomized at 60 and recor-
ded. Date of first recurrence was determined by
histopathology when available or by clinicoradiographic
data within the medical record. Dates of last contact were
defined as the date of death or last follow up (if alive at data
analysis) and were matched against the social security death
index. Overall survival (OS) was defined as the time from
the date of diagnosis to the date of death or last contact.

Based on institutional shift toward the incorporation of
TMZ into treatment regimens for all patients with AA and
GBM in the early spring of 2004, patients were divided into
those receiving treatment prior to and following January
2004 (pre-2004 and post-2004, respectively). Patient
characteristics (at disease diagnosis), oncologic treatments,
and surgical procedures were summarized using descriptive
statistics. Overall survival was calculated from the time of
initial histological diagnosis to death from any cause.
Survival time was censored if the subject was alive at the
time of last follow-up. Survival probability was estimated
using the Kaplan—-Meier method [11]. Univariate analysis
was used to assess for associations between known prog-
nostic factors and overall survival. Important patient
characteristics associated with survival were identified in
the univariate analysis using a p value of <0.05. These
characteristics were incorporated as covariates to construct
the multivariate proportional-hazards regression model
which was used to estimate the hazard ratio for death
attributable to prognostic factors [12]. Given the explora-
tory nature of these analyses, no adjustment for multiple
testing was performed and all observed outcomes should be
considered descriptive. All p-values are reported as two-
sided and analyses were performed using the SAS software
(version 9.3, SAS institute, Cary, NC).



J Neurooncol (2016) 127:165-171

167

Results

A total of 445 patients were initially queried from the
cancer center registry; 2 were excluded for incorrect
pathology; 226 excluded for treatment performed at an
outside facility, incomplete follow up, or radiation not
administered; and 21 for age <18 (Supplemental Fig. 1).
Of the 196 remaining in the active cohort, 74 were treated
pre-2004 and 122 post-2004. Median age of the cohort was
46.6 £ 14.6 years; 57 % male; 87 % white, and 9 % black
(Table 1). The majority of patients (n = 157, 80 %) had a
KPS > 60 at the initiation of RT. Gross total resection was
performed in 32 %, subtotal resection 37 %, and biopsy in
31 %. Mean RT dose was 5676 &+ 746 cGy; mean duration
of concurrent chemoradiation 5.8 £ 0.8 weeks (n = 115),
and mean number of adjuvant TMZ cycles 4.3 4+ 2.8
(n = 108), and PCV cycles 2.5 £ 2.1 (n=2). Age
(p = 0.75), gender (p = 0.46), ethnicity (p = 0.17), KPS
(p = 1.00), and extent of resection (p = 0.39) did not
differ between the groups.

Chemotherapy was administered to 12 % (n = 9) of
patients pre-2004 and 94 % (n = 115) post-2004
(p < 0.001). Pre-2004, the majority of patients receiving
any first-line chemotherapy (local or systemic) underwent
Gliadel® wafer placement (n = 6). Only 3 patients
received systemic chemotherapy (TMZ in 1, procarbazine-
lomustine-vincristine, PCV, in 2). Post-2004 TMZ was the
only first-line systemic chemotherapeutic agent adminis-
tered. Gliadel® wafer was also placed in 1 patient.

Median OS for the entire cohort was 32 months (95 %
CI 22.8-43.1). Median OS was 27.4 months (95 % CI
19.1-39.8, 88 % deceased) pre-2004 compared to

36.7 months (95 % CI 24.4-63.6, 54 % deceased) post-
2004 (Fig. 1, HR 0.75, 95 % CI 0.53-1.06, p = 0.11). In
the univariate analysis, younger age, greater extent of
resection, and KPS > 60 were significantly associated with
improved survival (p < 0.007, Table 2). Median OS was
7.4 months (95 % CI 3.7-13.8) in those with KPS < 60
compared to 41.7 months (95 % CI 32-60.5) in those with
KPS > 60 (HR 0.2,95 % CI10.1-0.3, p < 0.001, Fig. 2). In
those with biopsy, median OS was 15.8 months (95 % CI
10.4-19.3), 38.4 (95 % CI 22.3-52.7) with subtotal resec-
tion, and 73.4 (95 % CI 47.3-122.8) with gross total
resection (p < 0.0001). After controlling for each of these
variables in the multivariate Cox proportional hazards
regression model, a significant association between sur-
vival and era of treatment was observed (Table 2, HR 0.64,
0.44-0.91, p = 0.015). This accounted to a 36 % reduced
risk of death post-2004.

Bevacizumab was administered at tumor recurrence in
21 patients (11.7 %) including 19 patients (15.5 %) post-
2004 and 2 patients (2.7 %) pre-2004 (p = 0.004). Two
additional patients received bevacizumab for steroid-spar-
ing prior to recurrence. The median time to initiation of
bevacizumab in this patient population was 45 months
from diagnosis (range 10-111 months with a median of
90 months in the pre-2004 cohort and 39 months in the
post-2004 cohort). Patients received a median of 6 cycles
(range 1-29) of bevacizumab. To explore the possible
association between bevacizumab use and survival, an
analysis was performed on the post-2004 patient cohort
who all received standard radiation and temozolomide.
Although the median survival in this cohort was longer in
the patients who received bevacizumab (58.9 months

Table 1 Demographic, clinical

and treatment data by pre- and Total (n = 196) Pre-2004 (n = 74) Post-2004 (n = 122) p value
post-2004 Average age (SD) (year)s  46.6 (14.6) 46.2 (14.9) 46.9 (14.4) 0.75
Gender (n, % male) 112 (57 %) 45 (61 %) 67 (55 %) 0.46
Ethnicity (n, %)
White 170 (87 %) 61 (82 %) 109 (89 %) 0.17
Black 17 (9 %) 70 %) 10 (8 %)
Other 9 (4 %) 6 (9 %) 33 %)
KPS > 60 (n, %) 157 (80 %) 59 (80 %) 98 (80 %) 1.00
Surgery (n, %)
Biopsy 60 (31 %) 27 (36 %) 33 (27 %) 0.39
STR 73 (37 %) 25 (34 %) 48 (39 %)
GTR 63 (32 %) 22 (30 %) 41 (34 %)
Chemotherapy agent (n, %)
Temozolomide 116 (59 %) 1(1 %) 115 (94 %) <0.001
PCV 2 (1 %) 2 (3 %) 0 (0 %)
Gliadel® 73 %) 6 (8 %) 1(1 %)

SD standard deviation, KPS Karnofsky performance status, STR subtotal resection, GTR gross total
resection, ¢Gy centigray, PCV procarbazine, lomustine and vincristine
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Fig. 1 Kaplan—Meier estimates of overall survival by treatment era.
The unadjusted hazard ratio for death among patients in post-2004
group, as compared with those in pre-2004 group, was 0.75 (95 % CI
0.53-1.06; p = 0.1). The Hazard ratio was 0.64 (95 % CI 0.44-0.91,
p = 0.0145) after adjusting for age, KPS and type of surgical
procedure (a 40 % reduction of hazard of death)

Table 2 Unadjusted and adjusted risk of death using Cox regression

Cox regression model for OS Hazard ratio (95 % CI) p value

Unadjusted analysis

Post-2004 versus Pre-2004 0.7 (0.5-1.1) 0.10
Age 1.1 (1.0-1.1) <0.001
Gender: male versus female 1.3 (0.9-1.9) 0.10
Race
Black versus white 1.1 (0.6-2.1) 0.70
Other versus white 0.4 (0.2-1.1) 0.08
Black versus other 2.8 (0.9-8.6) 0.08
KPS < 60 versus > 60 4.9 (3.2-7.7) <0.0001
Surgery
Biopsy versus GTR 4.9 (3.0-7.9) <0.0001
STR versus GTR 1.9 (0.1-0.3) 0.007
Adjusted analysis
Post-2004 versus Pre-2004 0.6 (0.4-0.9) 0.0145
Age 1.0 (1.0-1.1) 0.0001
KPS <=60 versus > 60 4.2 (2.6-6.7) 0.0001
Biopsy versus GTR 3.5(2.1-5.9) 0.0001
Subtotal resection versus GTR 1.6 (1.0-2.7) 0.046

KPS Karnofsky performance status, STR subtotal resection, GTR
gross total resection

[95 % CI 26-73] versus 28.9 months [95 % CI 22-108])
this was not statistically different (p = 0.98, Supplemental
Fig. 2). In addition, the univariate Cox proportional haz-
ards regression analysis no differences in survival in
patients receiving and not receiving bevacizumab (HR
1.01, 95 % CI 0.56-1.80, p = 0.98).
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Discussion

In this study, unadjusted survival was not significantly
different in the era after the standard incorporation of TMZ
into first-line treatments regimens for patients with newly
diagnosed AA compared to the era prior to its inclusion.
After controlling for well-known prognostic factors, we
report a significantly longer overall survival when TMZ
was incorporated into standard first-line treatment. This
adjusted survival impact amounted to a 36 % reduction in
the adjusted risk of death for these patients with newly
diagnosed AA. Age, extent of surgical resection, and KPS
did not appear to drive this difference in survival, though
data on molecular subtypes were not explored and could
contribute to differences between these groups.

To date, no prospective phase III data exists to inform
the decision to include TMZ in the first-line management
of AA. While the EORTC 26053 CATNON study (Con-
current and Adjuvant Temozolomide chemotherapy in
NON-1p/19q deleted anaplastic glioma, NCT00626990)
has completed patient accrual and will address this ques-
tion and the utility of concurrent and adjuvant TMZ in the
management of non-codeleted AAs results will not be
available for several years. Prior retrospective studies
evaluating the utility of TMZ in patients with AA have not
demonstrated longer survival in patients receiving TMZ [9,
10]. However, important methodological concerns limit the
clinical application of these results. In one study, important
prognostic differences such as KPS and radiation dose were
observed in patients receiving concurrent chemotherapy
and may reflect selection biases favoring incorporation of
chemotherapy in patients with better functional status [9].
In the other study, progression free survival (PFS) was
reported to be significantly shorter in patients treated with
concurrent chemoradiation with TMZ compared to those
who were treated with RT alone or RT followed by adju-
vant TMZ [10]. However, this finding may reflect a higher
proportion of patients who develop radiographic evidence
of pseudoprogression and not reflect the underlying biology
of the cancer. Patients with rapid progression to GBM were
also excluded in this study and outcome analysis included
only certain patient subgroups [10]. In both studies retro-
spective analysis was performed of cohorts who were
treated over a single time interval and patients were strat-
ified by treatment type within this period potentially
introducing important patient and treatment selection
biases.

Several important methodological differences exist
between these prior reports and our current study which
may explain the differences in our results. In the current
investigation, standard institutional practice shifted from
treating with RT alone to the inclusion of concurrent and
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Fig. 2 Kaplan—-Meier estimates of overall survival by performance
status and extent of resection. Kaplan—Meier estimates of overall
survival according to Karnosky performance status (a) and extent of
resection (b). Median OS was 7.4 months (95 % CI 3.7-13.8) in those
with KPS < 60 compared to 41.7 months (95 % CI 32-60.5) in those
with KPS > 60 (HR 0.2, 95 % CI 0.1-0.3, p < 0.001, by log-rank

adjuvant TMZ with RT at a clearly defined time coinciding
with the circulation of results from the EORTC 29981 trial.
This created a logical time point for dividing patients by
time (i.e. era of treatment) rather than by treatment selec-
tion over a single timeframe. All patients treated with at
least RT prior to and following this time were included.
Thus analysis was performed by time and not by treatment
delivered which may limit important potential confounders
and selection biases. The lack of observed difference
between the pre-2004 and post-2004 groups in clinical,
tumor, and treatment characteristics with only chemother-
apy administration being significantly different between
groups supports this method of patient selection by era.
Data on molecular characteristics of the tumors (i.e. 0°-
methylguanine-DNA-methyltransferase, MGMT, promoter
methylation or isocitrate dehydrogenase 1, IDHI, muta-
tion) were not available to explore differences in these
important prognostic factors by treatment era. The use of
bevacizumab at recurrence did differ between the two
groups (two patients before vs. 19 after 2004). However, in
the post-2004 cohort only 17 % of patients received
bevacizumab and this was used late in the patient’s illness
as it was started a median of 39 months from diagnosis. In
addition, overall survival was not different in the patients
receiving bevacizumab. This is consistent with results from
several large randomized phase III studies which demon-
strated no survival advantage when bevacizumab was
added to standard radiation and temozolomide in patients
with high grade gliomas [13, 14].

In general, data on the utility of chemotherapy in
treating anaplastic gliomas has been mixed [15, 16].

test). Median OS was 15.8 months (95 % CI 10.4-19.3) in those with
biopsy, 38.4 (95 % CI 22.3-52.7) with subtotal resection, and 73.4
(95 % CI 47.3-122.8) with gross total resection (p < 0.0001, by log-
rank test). KPS Karnofsky performance status, STR subtotal resection,
GTR gross total resection. Bev bevacizumab

Neoadjuvant, concurrent, and adjuvant therapies have been
investigated. In the late 1990s, the addition of adjuvant
PCV or carmustine and dibromodulcitol (DBD) to RT was
not shown to improve survival in newly diagnosed
anaplastic gliomas based on two prospective, randomized
phase III studies [17, 18]. However, in one study initial
pathologic interpretation of WHO grade III glioma was
ultimately re-interpreted to GBM in 25 % and low-grade
glioma in 23 % of patients by central pathologic review
[17]. Objective responses were reported following neoad-
juvant TMZ in patients with high-grade gliomas for which
anaplastic lesions accounted for a substantial number [19,
20]. In the setting of recurrent anaplastic glioma, a pivotal
single-arm phase II study of 162 patients treated with TMZ
monotherapy demonstrated a 46 % 6-month PFS and 24 %
12-month PFS [21]. Based on these results, TMZ was
approved in the United States for the treatment of recurrent
AA. Several large phase III studies have evaluated the role
of chemotherapy in patients with newly diagnosed
anaplastic oligodendrogliomas and have included analysis
of the non-codeleted AOs which share clinical, molecular,
and biologic features with anaplastic astrocytomas [6-8].
While sequential radiation with PCV did not appear to
improve survival in non-codeleted patients in the RTOG
9402 and EORTC 26951 studies [6, 7], chemotherapy with
either PCV or TMZ alone was similar to radiation alone in
the NOA-04 study [8]. Ultimately, results of the phase III
CATNON study will be required to confirm the role of
TMZ in the management of non-codeleted anaplastic
gliomas. The continued controversy regarding these ther-
apeutic options is reflected in the NCCN Guidelines, which
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includes radiation alone, chemotherapy alone (PCV or
TMZ), and concurrent chemoradiation with TMZ.

Although definitive data supporting the inclusion of
TMZ into treatment regimens for patients with AA is
lacking, its use appears to be common in clinical practice in
the USA [3, 4]. TMZ does have important safety, toxicity,
and cost considerations which must also be contemplated
when considering the role of this agent. While myelosup-
pression is less common with TMZ than other cytotoxic
chemotherapies, rate of hospitalization during the first
course of therapy has been estimated between 11 and 19 %
with deaths having been observed [22, 23]. Female and
older patients appear to have a higher incidence of grade 3
or 4 myelotoxicity, a risk which may in part be due to
underlying genetic polymorphisms [22]. According to a
British study which modeled the average cost per patient
treated with surgery, RT and TMZ for a high-grade glioma,
TMZ was estimated to add an additional cost of around
£7800 to existing costs [24]. In addition, data on the impact
of TMZ on future malignant potential at relapse suggest
that TMZ can induce new driver mutations and higher-
grade malignancy at recurrence which supports caution
when considering utilization of this agent without evidence
of benefit [25].

Despite the efforts to design this study to reduce selec-
tion biases and confounders of survival, the study is limited
by its retrospective design. Data on MGMT promoter
methylation, IDH1 mutation and expression, and other
molecular features of these tumors were not available to
determine if differences in survival were related to these
important prognostic factors [26]. Histopathologic diag-
nosis of grade III gliomas can be challenging with varia-
tions have been reported between pathologists and over
time [27]. While efforts were made for all pathology to be
reviewed by experienced neuropathologists at our institu-
tion, prospective collection with formal central review is
optimal. Differences in survival have also been shown to
exist over time as supportive treatment improves [28].

Conclusion

In conclusion, since the reporting of results from the
EORTC 22981 study by Stupp and colleagues in 2005,
TMZ has become standard of care for the management of
GBM and its use has been widely extrapolated to AA. Data
supporting the incorporation of TMZ into treatment regi-
mens do not exist and pre-existing methodologically lim-
ited retrospective studies have suggested potential
detrimental effects on PFS. The improved adjusted survival
observed in this retrospective study supports the use of
TMZ in the treatment of newly diagnosed AA. Results of
the phase III CATNON study (Concurrent and Adjuvant
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Temozolomide chemotherapy in NON-1p/19q deleted
anaplastic glioma, NCT00626990) will provide important
data to inform this treatment decision.
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