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Abstract

Background 1t is currently unclear whether adjuvant thera-
py for WHO grade III anaplastic astrocytomas (AA) should
be carried out as combined chemoradiotherapy with temo-
zolomide (TMZ)—analogous to the approach for glioblas-
toma multiforme—or as radiotherapy (RT) alone.

Patients and methods A retrospective analysis of data from
90 patients with AA, who were treated between Novem-
ber 1997 and February 2014. Assessment of overall (OS)
and progression-free survival (PFS) was performed accord-
ing to treatment categories: (1) 50%, RT + TMZ according
to protocol, (2) 11%, RT + TMZ with dose reduction, (3)
26 %, RT alone, and (4) 13 %, individualized, primarily pal-
liative therapy. No dose reduction was necessary in the RT
alone group.

Results Median OS was 85, 69, and 43 months for treat-
ment categories 1/2, 3, and 4, respectively. These differ-
ences were not statistically significant. PFS was 35, 29, 48,
and 33 months for categories 1, 2, 3, and 4, respectively;
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again without significant differences between categories. In
a subgroup of 39 patients with known IDH1 R132H status,
the presence of this mutation correlated with significantly
longer OS (p=0.01) and PFS (p=0.002). Complete or par-
tial tumor resection and younger age also correlated with a
significantly better prognosis, and this influence persisted in
multivariate analysis. In the IDH1 R132H subgroup anal-
ysis, only this marker retained an independent prognostic
value.

Discussion and conclusion A general superiority of com-
bined chemoradiotherapy compared to RT alone could not
be demonstrated. Biomarkers for predicting the benefits of
combination therapy using RT and TMZ are needed for pa-
tients with AA.

Keywords IDH1 - Survival - Anaplastic astrocytoma -
Toxicity - Radio(chemo)therapy

Adjuvante temozolomidbasierte Radiochemotherapie
versus alleinige Radiotherapie bei Patienten mit
WHO-III-Astrozytomen

Erfahrungen mit dem Mainzer Kollektiv

Zusammenfassung

Hintergrund Es ist derzeit unklar, ob bei anaplastischen
Astrozytomen (AA) vom WHO-Grad III eine adjuvante
Therapie analog zur Therapiestrategie beim Glioblastoma
multiforme als kombinierte Radiochemotherapie mit Te-
mozolomid (TMZ) oder als alleinige Radiotherapie (RT)
durchgefiihrt werden sollte.

Patienten und Methoden Retrospektiv wurden die Daten
von 90 Patienten mit AA, die zwischen November 1997
und Februar 2014 in unserer Einrichtung therapiert wur-
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den, ausgewertet. Analyse des Gesamtiiberlebens (OS) und
des progressionsfreien Uberlebens (PFS) nach Behand-
lungskategorien: (1) RT + TMZ protokollgemaB, 50 %, (2)
RT + TMZ mit Dosisreduktion, 11 %, (3) alleinige RT, 26 %,
(4) individualisierte, primér palliative Therapie, 13 %. Bei
den allein mit RT behandelten Patienten war keine Dosisre-
duktion erforderlich.

Ergebnisse Das OS lag bei 85, 69 und 43 Monaten fiir
die Behandlungskategorien 1/2, 3 und 4. Die Unterschie-
de waren jedoch statistisch nicht signifikant. Das PFS lag
bei 35, 29, 48 und 33 Monaten fiir die Kategorien 1, 2, 3
und 4, ebenfalls ohne signifikante Unterschiede zwischen
den Gruppen. In einer Subgruppe von 39 Patienten mit be-
kanntem IDH1-R132H-Status war das Vorliegen dieser Mu-
tation mit einem signifikant langeren OS (p=0,01) und PFS
(»=0,002) korreliert. Vollstdndige oder partielle Tumorre-
sektion und niedrigeres Lebensalter waren mit einer signi-
fikant giinstigeren Prognose korreliert und behielten diesen
Einfluss in der multivariaten Analyse des gesamten Kollek-
tivs. In der IDH1-R132H-Subgruppenanalyse hatte nur die-
ser Marker einen eigenstidndigen prognostischen Wert.
Diskussion und Schlussfolgerung Eine generelle Uberle-
genheit einer kombinierten Radiochemotherapie gegeniiber
einer alleinigen RT war nicht nachweisbar. Es werden neue
Biomarker zur Pradiktion des Nutzens der Kombinations-
therapie aus RT und TMZ bei AA benétigt.

Schliisselwérter IDHI - Uberleben - Anaplastisches
Astrozytom - Toxizitdt - Radio(chemo)therapie

Anaplastic astrocytomas (AA) represent approximately
one quarter of all high grade (i.e., WHO grade III and IV)
gliomas. They are distinguished from lower grade gliomas
(WHO grade I and II) primarily by an increased prolifera-
tion rate (Ki67 proliferation index >5%). In contrast to
glioblastoma multiforme (GBM; grade 1V), they exhibit no
micronecroses. Across all subgroups, median overall sur-
vival (OS) is about 3 years [4], although data from a recent
prospective randomized trial indicate that this may be an
underestimation [18]. Known prognostic factors include
patient age, Karnofsky performance score (KPS), mental
status, and symptom duration, as identified by a recursive
partitioning analysis (RPA). More recently, it has been rec-
ognized that certain molecular markers also have consider-
able prognostic power, including mutations of the isocitrate
dehydrogenase (IDH) 1 gene, codeletions of chromosomes
Ip and 19q, and the methylation status of the O°-methyl-
guanin-DNA-methyltransferase (MGMT) promoter. In fact,
based on data from recent clinical trials, these biomarkers
have already been included in clinical decision making. For
instance, results from two large randomized trials [1, 15]
have indicated that patients whose tumors exhibit an oligo-
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dendroglial component and 1p/19q codeletion experience
substantial benefit from radiotherapy (RT) in (sequential)
combination with procarbazine, lomustine and vincristine
(PCV) chemotherapy. The applicability of these data to che-
motherapy with temozolomide (TMZ) is often assumed in
analogy to the results of the NOA-04 study [18], although
this is not yet proven by formal prospective randomized evi-
dence. However, the vast majority of grade III tumors are
pure AA, and the best treatment for these patients is still a
matter of controversy. AA tumors are well known to exhibit
a pronounced tendency for malignant progression to GBM.
In fact, it can be assumed that every tumor will eventually
progress to grade IV if the patient survives long enough,
providing a rationale for aggressive first-line treatment.
Maximal surgical resection followed by adjuvant RT up to
a total dose of approximately 60 Gy in 1.8-2.0-Gy daily
fractions is the common ground of the current evidence-
based standard of care, which has its roots in prospective
clinical trials that have been carried out since the 1960s [16,
17]. For a number of reasons, many clinicians advocate the
combination of RT with chemotherapy. Normal brain tissue
radiation tolerance is significantly depleted by the first-line
dose of 60 Gy, which renders this treatment phase the only
window of opportunity for exploiting possible synergistic
effects of both modalities. Grade III tumors are also con-
sidered to be more chemosensitive than GBM, suggesting
combined chemoradiotherapy for AA as the logical strategy,
since an European Organisation for Research and Treatment
of Cancer (EORTC)/NCIC trial [12] has established this
strategy as the standard of care for GBM. In fact, a meta-
analysis from 2002 summarizing the data from 12 random-
ized controlled trials has confirmed the beneficial role of
the addition of chemotherapy to RT in all high-grade glio-
mas [11], although the effect was relatively mild. For AA,
combined RT and TMZ treatment is currently being inves-
tigated in the prospective randomized “CATNON?” trial by
the EORTC (trial no. 26053-22054), but results will not be
available within the next few years. Since 2005, all patients
referred to our institution who had residual postoperative
tumor or postoperative enhancing lesions in *F-fluoroethyl-
tyrosine positron-emission tomography/CT (FET-PET/CT)
studies have been treated with concomitant TMZ-based
chemoradiotherapy according to the EORTC 22981-26891/
NCIC CE.3 (“Stupp”) protocol [12], providing the patients'
general condition and comorbidities permitted TMZ appli-
cation. These patients, as well as all other patients treated
according to different protocols since November 1997 num-
ber a total of 90. These 90 patients are reported in the pres-
ent communication.
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Patients and methods
Patients

All 90 patients treated at the University Medical Center
Mainz between November 1997 and February 2014 for
WHO III gliomas, for whom information regarding overall
(OS) and progression-free survival (PFS) could be obtained,
were included in this retrospective analysis. Data were
derived from a current study on the prognostic impact of
markers of high-grade astrocytoma pathophysiology, which
had been approved by the local ethics committee [Registra-
tion no. 837.454.10 (7463)].

Treatment groups

Category 1 comprised 45 of the 90 patients (50%) and
this group completed therapy analogous to the EORTC
22891/26891 “Stupp” protocol [12]. Category 2 comprised
10 of the 90 patients (11.1%) and received therapy accord-
ing to the same protocol, but required dose reduction or
discontinuation of either RT or TMZ (75 mg/m?) during
their treatment course, due to treatment-related toxicity.
Category 3 comprised 23 of the 90 patients (25.6%) and
underwent adjuvant RT alone, consisting of total doses
between 50.4 and 60.4 Gy given in 1.8- or 2.0-Gy daily
fractions, five times per week. Dose reduction or discon-
tinuation of adjuvant RT was not necessary in any case.
Category 4 comprised 12 of the 90 patients (13.3%) who
received individualized treatment regimens that cannot be
subsumed under any of the categories 1-3 (no RT or hypo-
fractionated RT, chemotherapy other than TMZ). Accord-
ing to intraoperative assessment or early postsurgical MRI
studies, approximately one third of all patients received a
complete tumor resection (31.1%), while 40% only had a
partial resection. In 28.9 %, only a tumor biopsy was carried
out, due to either localization of the tumor in an eloquent
area or patients’ overall clinical condition. Most patients
had AA (75.6%). With the exception of one case of glio-
matosis cerebri (1.1 %), the remaining patients (23.3 %) had
anaplastic oligoastrocytomas.

Statistical analysis

Univariate survival analyses were carried out using Kaplan—
Meier plots and log-rank statistics. OS was defined as sur-
vival time from diagnosis of AA until death from any cause.
Analogously, PFS was defined as survival time from diag-
nosis of AA until disease progression, disease recurrence, or
death from any cause. The influence of multiple variables on
OS was calculated using a Cox proportional hazards model,
with stepwise inclusion of variables using the likelihood
ratio method.

Results
Patient characteristics

Cross tabulation analysis revealed that patients with ana-
plastic oligoastrocytomas received combined modality
treatment significantly less frequently and underwent RT
alone more often than expected in a homogeneous distribu-
tion (p=0.023). As expected, patients receiving combined
treatment also received additional adjuvant chemotherapy
following (chemo-)RT as a regular component of their treat-
ment protocol significantly more often (»p=0.001). All other
recorded variables were evenly distributed among the treat-
ment categories, as summarized in Table 1.

Impact of resection status, age, and histopathology on
survival in univariate analysis

The median follow-up time of the entire patient cohort
(n=90; calculated according to the method of Schemper
and Smith, [8]) was 57 months. Median OS in the entire
patient cohort was 66 months. Patients who had received
either a complete (CR; 31.1%) or partial tumor resection
(PR; 40%) showed significantly better OS and PFS com-
pared to patients who only underwent a tumor biopsy (B;
28.9%; OS: p=0.01 for both comparisons; PFS: CR vs. B:
p=0.004, PR vs. B: p=0.018). Median OS was 121 months
for completely resected patients, 72 months for patients
who had undergone a partial resection, and only 23 months
for patients who had only received a tumor biopsy. Median
PFS was 57, 43, and 17 months for the CR, PR, and B
groups, respectively. A separate analysis of the subgroup
of treatment category 1 patients (n=45) revealed that the
OS difference between PR and B remained statistically sig-
nificant (p=0.011), while the OS difference between CR
and B showed a trend towards significance (p=0.094). In
the same subgroup, PFS for both CR vs. B and PR vs. B
showed only a trend towards being poorer in in the B group
(»p=0.067 and p=0.068, respectively). Other treatment sub-
groups were not tested due to the small patient numbers.
Patients older than 49 years had a significantly poorer OS
(34 months) and PFS (22 months) than patients up to the age
of 49 years (OS: 85 months, p=0.0012; PFS: 57 months,
p=0.005). A cutoff of 49 years corresponds to that used in
the original RPA classification [3] and also happens to be
identical to the median patient age (49 years) in our study
cohort. No significant differences were found between AA
and anaplastic oligoastrocytomas in our study in terms of
OS or PFS. However, patients with anaplastic oligoastro-
cytomas were significantly more often older than 49 years
(»=0.031) and IDH1 R132H mutated (»=0.032; subgroup
analysis of 39 patients).
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Table 1 Salient patient and tumor characteristics according to treatment categories

RT + TMZ (treatment RT alone (treatment Other (treatment Sum
categories 1 & 2) category 3) category 5)
n % N % n % n %
Number of 0 39 433 19 21.1 9 10.0 67 74.4 n.s.
recurrenc- ] 12 133 3 33 2 22 17 18.9
fi?aprrigrsitso 2 3 33 1 1.1 0 0.0 4 44
ofzfA 3 1.1 0 0.0 1 1.1 2 22
Resection  Biopsy 13 144 7 7.8 6 6.7 26 28.9 n.s.
Partial 26 28.9 8 8.9 2 22 36 40.0
Complete 16 17.8 8 8.9 4 4.4 28 31.1
Histology AA 46 51.1 14 15.6 8 8.9 68 75.6 p=0.023
AOA 9 10.0 9 10.0 3 33 21 233
Gliomato- 0 0.0 0 0.0 1 1.1 1 1.1
sis cerebri
Adherence Incomplete 10 11.1 0 0.0 1 1.1 11 12.2 n.s.
to protocol  Complete 45 50.0 23 25.6 11 12.2 79 87.8
Additional None 8 8.9 14 15.6 6 6.7 28 311 p=0.001
treatment ~ RT 1 1.1 1 1.1 0 0.0 2 2.2
following  RT 4 che- 3 33 2 2.2 1 1.1 6 6.7
adjuvant motherapy
herapy  Chemo- 43 47.8 6 6.7 5 5.6 54 60.0
therapy
Patient age <49 31 34.4 10 11.1 5 5.6 46 51.1 ns.
(vears) >49 24 26.7 13 14.4 7 7.8 44 48.9
IDH1® R132H 12 30.8 1 2.6 2 5.1 15 38.5 ns.
wildtype
R132H 17 43.6 5 12.8 2 5.1 24 61.5
mutated

2]DH1 data refer to a subgroup of 39 patients

AA anaplastic astrocytoma, 404 anaplastic oligoastrocytoma, RT radiotherapy, TMZ temozolomide, n.s. not significant

Influence of treatment protocol on survival in univariate
analysis

Median OS was 85 months for patients who had received
combined modality treatment (categories 1 & 2 ), 69 months
for patients who had been treated with adjuvant RT alone
(category 3), and only 43 months for patients who had
received individualized treatment not fitting any of the
aforementioned groups (category 4). Despite these different
median survival times, log-rank tests revealed only a trend
towards longer a OS of category 1 & 2 patients compared
to category 4 patients (p=0.092). This trend was more pro-
nounced and almost reached statistical significance when
only category 1 patients were compared to category 4
patients (p=0.053). However, there was clearly no statis-
tically significant difference between combined modal-
ity treatment (categories 1 & 2) and RT alone (category 3;
p=0.377, Fig. 1a).

Significant differences between treatment categories
were also not found with regard to PFS, which was 35, 29,
48, and 33 months in categories 1, 2, 3, and 4, respectively
(Fig. 1b). RT + TMZ patients requiring dose reduction (cat-
egory 2) showed trends towards poorer PFS compared to
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patients treated with RT + TMZ per protocol (category 1;
p=0.062) and RT alone (category 3; p=0.096).

Influence of IDH1-R132H mutation status on survival in
univariate analyses

This analysis was possible in a subgroup of 39 patients,
most of whom were diagnosed after 2009. Patients whose
tumors harbored the R132H mutation in the IDH1 gene
had significantly longer OS and PFS compared to patients
whose tumors contained the wildtype sequence at this locus
(OS: 88 vs. 35 months, p=0.01; PFS: 57 vs 20 months,
p=0.0003, Fig. 2).

Multivariate analysis of factors influencing survival

Treatment groups, resection status, and age (<49 years vs.
>49 years) were entered into a Cox proportional hazards
regression model. Only the extent of resection and patient
age were significant prognosticators of OS and PFS. Com-
pared to biopsy only (B), PR and CR were correlated with
a 0.43-fold (95% CI 0.21-0.88) and 0.41-fold (95% CI
0.19-0.90) risk of death, respectively. Patients up to the
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Fig.1 aKaplan—Meier plot of overall survival of patients who received
combined chemoradiotherapy according to the EORTC 22891/26891
protocol (treatment categories] & 2, green) or radiotherapy alone
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Fig. 2 Kaplan—Meier plot of progression free survival of patients with
IDH1-R132H wildtype (red) or IDH1-R132H mutated (green) status.
White triangles and black dots indicate censored events

age of 49 years had a 0.41-fold (95% CI 0.22-0.77) risk
of death. The risk of tumor progression of patients with CR
was 0.38-fold (95% CI 0.19-0.77) compared to B; the dif-
ference between PR and B was not statistically significant.
The risk of tumor progression of patients <49 years was
0.53-fold (95 % C1 0.31-0.92) compared to those older than

(category 3, red). b Kaplan—Meier plot of progression free survival in
the same categories. White triangles and black dots indicate censored
events. RT radiotherapy, TMZ temozolomide

49 years. Treatment groups had no impact on OS and PFS
in multivariate analysis.

Inclusion of IDH1-R132H into the model in the subgroup
of 39 patients for whom this information was available led
to the exclusion of all other variables: only IDH1-R132H
itself remained significant for OS and PFS. The hazard ratio
for patients with IDH1-R132H mutated tumors was 0.19
(95% CI 0.05-0.78) for OS and 0.17 (95% CI 0.06-0.50)
for PFS.

Discussion

As a surprisingly clear result of our study, no superiority
for the combined modality treatment was detectable. In
fact, even the comparison of patients receiving chemora-
diotherapy (categories 1 & 2) to those who received indi-
vidualized palliative treatments (category 4) only showed
a trend towards a better OS for the former group. For the
comparison of category 1 and category 3, it should be noted
that all patients in category 1 had residual tumor, as shown
by postoperative MRI or PET imaging. Therefore, the iden-
tical PSF of both groups might still suggest a benefit of
combined modality treatment for patients with incomplete
tumor resection. With regard to the other established prog-
nostic factors, our results are in accordance with data from
previous studies, which have also described a larger extent
of tumor resection and younger patient age to be correlated
with longer OS. When examining the different treatment
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groups in our study, it becomes evident that no treatment
dropouts occurred among patients treated by adjuvant RT
alone (category 3). Interestingly, the PFS of these patients
trended to be longer than for patients who required dose
reduction of the radio- or chemotherapy modules of com-
bined modality treatment (category 2).

A number of studies from a variety of institutions world-
wide have been published on the same topic during recent
years. The first report, by Combs et al. [2] in 2008 retrospec-
tively, analyzed data from 60 patients and found surprisingly
low median OS times for RT + TMZ and RT alone of only
15 and 13 months, respectively (a 1:2 matched pairs analy-
sis). These patients had been treated with a reduced TMZ
dosage of only 50 mg/m?, compared to 75 mg/m? according
to the EORTC protocol [12], as administered to the patients
included in our study. A multicenter trial from Italy [9] ana-
lyzed 295 patients with pure astrocytic histology, of whom
approximately two thirds received RT + TMZ, whereas
the rest were treated with RT alone. Median OS was only
slightly better in this study, reaching 20.6 months after a
median follow-up of 23.1 months (individual median OS
data for RT + TMZ and RT alone groups were not stated).
Similar to our study, only patient age >49 years and biopsy
were correlated with a significantly poorer OS in multivari-
ate analysis. Rogne et al. [7] from Oslo reported on a simi-
lar cohort of 99 patients (AA only, 63% RT + TMZ, 26 %
RT alone, 2% TMZ only, 9% none) and found a median
OS of 19 months (again, data for individual treatment
groups not stated). Finally, Tham et al. [14] reported on a
smaller series from Singapore (62 patients), among whom
approximately one third had tumors with an oligodendrog-
lial component. Median OS was 27.4 months for RT and
34.1 months for RT + TMZ. None of these studies [2, 7, 9,
14] described a statistically significant survival difference
between treatment with RT + TMZ compared to RT alone. A
study conducted at the University of Nebraska [10] included
163 patients with pure astrocytic histology only. Treatment
groups were more heterogeneous, with roughly one third of
the patients in each of the RT + chemotherapy, RT alone, and
RT followed by chemotherapy groups. Chemotherapy was
mostly TMZ. Contrary to the abovementioned studies, these
investigators observed a median OS of 57.6 months in the
RT + chemotherapy group (median follow-up 38.4 months).
Again, no survival differences were found between adjuvant
RT + TMZ and RT alone. Indeed, we have found only two
studies describing a significant difference between these
two treatment approaches. One study from the Mayo Clinic
in Rochester, MN [13] investigated a cohort of 31 elderly
(i.e., >65 years) patients and described median OS times
of 15.5 months and 3.5 months in the RT + TMZ (52 % of
patients) and RT alone arms, respectively (»p=0.01). Obvi-
ously, the extremely poor survival in the RT alone group
has to be taken into account when interpreting this result.
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Finally, Kizilbash et al. [5] from the same institution carried
out a retrospective analysis of 165 patients with pure AA,
most of whom (82 %) were treated with RT + TMZ. After
a median follow-up of 36.4 months, they found a median
OS of 53.1 months for RT + TMZ and 31.4 months for RT
alone (p=0.02). The difference between these two treatment
arms remained statistically significant in a multivariate
analysis including age, gender, resection status, tumor loca-
tion, tumor size, treatment period, and IDH1 mutation, even
though it was evident that patients in the RT + TMZ group
were younger, had undergone more complete resections,
and more frequently had a mutated IDH1 status. Therefore,
the latter study and the present study are the only reports
which included analyses of the impact of IDH1 mutations
(with regards to our study, only the R132H mutation) on
survival. While Kizilbash et al. [5] reported 42.6% IDH1
mutations, this fraction amounts to 61.5 % in our study. This
higher prevalence of IDH1 mutations in our patient cohort
may in part explain why we observed a substantially longer
OS (85 vs. 53.1 and 69 vs. 31.4 months in the RT + TMZ
and RT alone groups, respectively). All of the aforemen-
tioned studies—including the present study—are retrospec-
tive by nature, which limits the conclusions that can safely
be drawn from these data. For example, quality of life data
were incompletely documented in our series and are thus
not adequately considered in our analysis.

Recent updates of EORTC 26951 [15] and RTOG 9402
have shown that patients with oligodendroglial components,
whose tumors contained a codeletion of chromosomes
Ip and 19q, had significantly better outcomes following
combined (albeit sequential) RT and chemotherapy. Inter-
estingly, no superior outcome of patients with anaplastic oli-
goastrocytomas was observed in our cohort, a finding that
may in part be related to the fact that these patients (n=20)
were older than those with tumors of pure astrocytic histol-
ogy. Conversely, they more often had IDH1-R132H muta-
tions. It is also necessary to point out that 1p/19q status has
only been assessed routinely in our institution since 2014,
as is the case for MGMT status. Hence, information on
both markers was only available for a selected few of the
patients in our study, precluding the assessment of respec-
tive subgroups.

Conclusion

Our data underscore the importance of patient selection
for more intensive treatment, since a general superiority of
combined RT and TMZ could not be demonstrated. How-
ever, it is noteworthy that all patients who had received the
combined treatment had residual tumor as displayed on
MRI or PET/CT. Treatment-related toxicity (e.g., [6]) or
treatment-induced tumor progression may counteract pos-
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sible benefits from the addition of chemotherapy, a con-
sideration that should be included in the decision-making
processes for these patients.
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