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Abstract
Purpose Cognitive functioning represents an essential determinant of quality of life. Since significant advances in neuro-
oncological treatment have led to prolonged survival it is important to reliably identify possible treatment-related neurocogni-
tive dysfunction in brain tumor patients. Therefore, the present study specifically evaluates the effects of standard treatment 
modalities on neurocognitive functions in glioma patients within two years after surgery.
Methods Eighty-six patients with World Health Organization (WHO) grade 1–4 gliomas were treated between 2004 and 
2012 and prospectively followed within the German Glioma Network. They received serial neuropsychological assessment 
of attention, memory and executive functions using the computer-based test battery NeuroCog FX. As the primary outcome 
the extent of change in cognitive performance over time was compared between patients who received radiotherapy, chemo-
therapy or combined radio-chemotherapy and patients without any adjuvant therapy. Additionally, the effect of irradiation 
and chemotherapy was assessed in subgroup analyses. Furthermore, the potential impact of the extent of tumor resection 
and histopathological characteristics on cognitive functioning were referred to as secondary outcomes.
Results After a median of 16.8 (range 5.9–31.1) months between post-surgery baseline neuropsychological assessment and 
follow-up assessment, all treatment groups showed numerical and often even statistically significant improvement in all 
cognitive domains. The extent of change in cognitive functioning showed no difference between treatment groups. Concern-
ing figural memory only, irradiated patients showed less improvement than non-irradiated patients (p = 0.029, η2 = 0.06). 
Resected patients, yet not patients with biopsy, showed improvement in all cognitive domains. Compared to patients with 
astrocytomas, patients with oligodendrogliomas revealed a greater potential to improve in attentional and executive functions. 
However, the heterogeneity of the patient group and the potentially selected cohort may confound results.
Conclusion Within a two-year post-surgery interval, radiotherapy, chemotherapy or their combination as standard treatment 
did not have a detrimental effect on cognitive functions in WHO grade 1–4 glioma patients. Cognitive performance in patients 
with adjuvant treatment was comparable to that of patients without.

Keywords Glioma · Neuropsychological assessment · NeuroCog FX · Prospective · Treatment-related neurotoxicity

Introduction

Since significant advances in early diagnosis and efficient 
treatment of gliomas [1, 2] have led to prolonged overall 
survival, possible late treatment effects become increasingly 
important. As cognitive functioning represents a determinant 

of quality of life (QoL) it is important to reliably identify 
possible treatment-related neurocognitive dysfunction.

Although radiotherapy (RT) is thought to significantly 
contribute to long-term neurocognitive deterioration [3–6], it 
is unclear to what extent posttherapeutic deficits are caused 
by RT itself or by confounding factors such as the tumor, 
disease progression, surgery, antiepileptic drugs (AED) or 
treatment variables (e.g. radiation dosage and technique). 
Neurocognitive impairment, especially in verbal delayed 
recall was present in a heterogeneous group of brain tumors 
18 months after fractionated stereotactic RT including the 

 * Sabine Schlömer 
 sabine.schloemer@kk-bochum.de

Extended author information available on the last page of the article

http://orcid.org/0000-0001-8237-8004
http://crossmark.crossref.org/dialog/?doi=10.1007/s11060-022-04044-1&domain=pdf


66 Journal of Neuro-Oncology (2022) 159:65–79

1 3

hippocampus [7]. Within the pivotal Radiation Therapy 
Oncology Group (RTOG) 98-02-trial, the addition of pro-
carbazine, lomustine and vincristine (PCV) chemotherapy 
to RT revealed a several years increase of progression-free 
and overall survival in World Health Organization (WHO) 
grade 2 gliomas without higher rates of cognitive decline 
in the combined treatment group as compared to RT alone 
within five-years follow-up [8]. However, cognitive function 
was evaluated using the Mini-Mental-Status-Examination 
(MMSE) only [9, 10].

In a retrospective multicenter study, cognitive decline in 
195 “low-grade glioma” (LGG) patients (recruited between 
1997 and 2000) at median of six years post-RT was primar-
ily attributed to the tumor itself or to single radiation fraction 
doses > 2 Gy [11]. However, at very long-term follow-up, 
(progressive) cognitive decline was present even for single 
fraction doses ≤ 2 Gy at median 12 years after RT in 65 pro-
gression-free patients [12]. Since recruitment was retrospec-
tive and treatment of irradiated patients dated back to the 
1980s the grading system applied to this series did not incor-
porate molecular genetics. In the largest multicenter prospec-
tive, randomized controlled trial (European Organization for 
Research and Treatment of Cancer, EORTC 22033-26033) 
[13] no detrimental effect of RT on health-related QoL or 
MMSE scores was documented during the first three years 
of follow-up when comparing “LGG” patients treated with 
temozolomide chemotherapy alone or RT alone. However, 
since no comprehensive cognitive testing was used, subtle 
changes were not evaluated [14]. Analysis of isocitrate dehy-
drogenase (IDH) 1/2 wildtype versus mutant status revealed 
profound impact on prognosis [13], but further subgroup 
analyses with respect to neurocognition have not been car-
ried out [14]. Published clinical studies on neurocogni-
tive functioning after RT generally evaluated small patient 
cohorts and/or were based on retrospective analyses [3–6], 
applied cognitive screenings [10, 15] or questionnaires [16], 
included high single fraction doses (> 2 Gy) [4] or whole 
brain radiotherapy (WBRT) [4, 5]. Methodically high quality 
analyses with comprehensive neurocognitive batteries rarely 
exceeded few months of follow-up [17–19].

The present analysis represents the “mid-term” prospec-
tive evaluation of treatment-related neurocognitive sequelae 
in glioma patients within two years after surgery as a pri-
mary outcome, in a well-documented patient cohort under-
going serial neuropsychological testing for several years.

Patients and methods

Patients

In this multicenter longitudinal study, adult patients from 
the German Glioma Network were prospectively included 

between 2004 and 2012. Tumor classification and WHO 
grading were carried out prior to the revised 4th edition 
of the WHO classification of tumors of the central nerv-
ous system (CNS) [20] such that patients were categorized 
according to the WHO grading system for CNS tumors in 
its versions of 2000 [21] and 2007 [22] with therapeutic 
implication, i.e. WHO grade 2 gliomas were not irradiated 
upfront. In order to achieve the best possible adaptation of 
analyses to the current tumor classification system, all avail-
able tumor samples were reinvestigated according to the 5th 
edition of the WHO classification of CNS tumors published 
in 2021 [1], considering their IDH wildtype versus mutant 
status and presence or absence of 1p/19q co-deletion. Infor-
mation on molecular genetics was completed in 61 of 86 
tumors (Table 1). Patients had been enrolled in university 
hospitals of Dresden, Munich, Bonn, Hamburg, Düssel-
dorf and Bochum, Germany. This study was performed in 
accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and approved by the local ethics 
committees and the ethics committee of the leading institu-
tion in Tübingen, Germany (Registration No.: 353/2003V). 
All patients gave written informed consent. Patients were 
excluded if they suffered from aphasia, psychosis or demen-
tia prior to glioma diagnosis or if they had MMSE [23] 
scores < 20.

All patients in this study had undergone either biopsy 
or partial, subtotal or gross total resection. Extent of resec-
tion was defined according to magnetic resonance (MR) or 
computer tomography (CT) imaging within 21 days post-
surgery. Gross total resection was defined as no visible resid-
ual tumor, subtotal resection as 50–99% excision of tumor 
volume and partial resection as < 50% excision of tumor vol-
ume. Based on tumor histology, patients were treated either 
with adjuvant conventional external RT, chemotherapy 
(ChT) or combined radio-chemotherapy (RChT) accord-
ing to the German Neuro-Oncology Group (NOA) guide-
lines and in case of WHO grade 2 or 3 gliomas according to 
center guidelines, which were subject to change overtime. 
Since patients within this study were treated prior to pub-
lication of the RTOG 98-02-trial [24], many WHO grade 2 
glioma patients underwent tumor resection only and did not 
receive any adjuvant tumor-specific therapy according to a 
watch-and-wait policy.

Neurocognitive functioning

In order to assess neurocognitive treatment effects evalu-
ation of (1) psychomotor speed, attention and executive 
functioning, (2) short-term and working memory, (3) ver-
bal memory and fluency, and (4) figural memory is recom-
mended [25–27]. NeuroCog FX is a computerized neuropsy-
chological test battery comprising eight subtests to assess 
these neurocognitive functions in a time-saving, reliable, 
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standardized [28, 29] and validated [30] manner. NeuroCog 
FX meets guidelines [31] such as sensitivity and specificity 
to detect cognitive deficits in neuro-oncological trials (for 
details, see Online Resource 1).

Procedures

Baseline neuropsychological assessment (NPA) was con-
ducted after surgery, before start of adjuvant therapy. Fol-
low-up NPAs were carried out prospectively within regular 
neurological follow-up consecutively every six months. As 
we intended to evaluate mid-term treatment-related neuro-
toxicity, baseline NPA (Timepoint 1, T1) and the latest NPA 
within a two-year interval after baseline assessment (Time-
point 2, T2, follow-up) were selected for analyses. We aimed 
to largely exclude a possible impact of tumor progression on 
results [32–34] by excluding data of patients with confirmed 
tumor progression within three months after NPA.

Statistical analyses

To analyze differences with respect to associations with RT 
and ChT four treatment modalities were distinguished: RT, 
ChT, RChT and watch-and-wait. In order to increase the 
size of subgroups, treatment groups were dichotomized for 
an additional analysis to detect subtle changes in cognitive 
performance. Accordingly, patients with RT or RChT were 
categorized as RT+  and patients with ChT only or watch-
and-wait as RT-. Correspondingly, patients with ChT or 
RChT were categorized as ChT+ and patients with RT only 
or watch-and-wait as ChT-. Two-tailed t-tests for independ-
ent samples, one-way analyses of variance (ANOVA), Fish-
er’s Exact Test and Pearson’s χ2 Test were used to test for 
clinical and sociodemographic differences between groups.

Since NeuroCog FX provides comparative evaluation of 
individual test scores with respect to normative test scores of 
an age-adapted cohort of healthy controls, percentile ranks 
were analyzed as standardized outcome measures [28, 29]. 
A percentile rank score > 16 and < 84 indicates performance 
within average of healthy controls.

To evaluate group differences regarding changes of neuro-
cognitive functioning as the primary outcome, multivariate 
one-way ANOVAs were performed with treatment as fixed 
factor. Dependent variables included NeuroCog FX percen-
tile ranks which were transformed into difference scores 
between T2 and T1. A score > 0 indicated improvement 

and a score < 0 deterioration of performance. To evaluate 
changes of cognitive functioning within every single patient 
subgroup, t-tests for dependent samples or repeated meas-
ures ANOVAs for percentile ranks were calculated with time 
of assessment (T1/T2) as within-subject factor and treatment 
(RT vs. ChT vs. RChT vs. watch-and-wait or RT+ vs. RT- 
or ChT+ vs. ChT-) as between-subject factor. The impact 
of extent of resection and histopathological characteristics 
on cognitive functioning were referred to as secondary out-
comes. Analyses were performed in IBM SPSS Statistics 25 
with a significance level of 0.05.

Results

Sociodemographic and clinical characteristics

Of 280 patients initially included in this project, 180 patients 
were excluded from analyses because of missing NPA at 
any timepoint, tumor recurrence before T2, extended time 
intervals between surgery and baseline NPA, because they 
were lost to follow-up or refused to complete NPA (n = 14). 
Eighty-six patients with histopathologic diagnosis of glioma 
were analyzed. At the time patients had been recruited their 
tumors were classified according to the WHO classification 
system 2007, i.e. 48 patients had WHO grade 2 gliomas 
(“LGG”), 27 WHO grade 3 gliomas and 11 WHO grade 
4 gliomas. Since we aimed to align the analyses as best as 
possible to the current tumor classification system, all avail-
able tumor samples were re-classified according to the WHO 
classification of 2021 [1]. Subsequently, the tumor cohort 
included 33 astrocytomas, IDH-mutant, 18 oligodendro-
gliomas, IDH-mutant and 1p/19q-codeleted, two glioblas-
tomas, IDH-wildtype, eight other entities (e.g. ependymoma, 
pilocytic astrocytoma) and 25 gliomas that could not be re-
evaluated due to lack of available tumor tissue (Table 1).

The extent of primary resection was gross total in 34 out 
of 86 patients, subtotal in 23, partial in 13 and biopsy in 16 
patients (Table 1). In 61 patients post-surgery MR imaging 
scans and in 25 patients post-surgery CT scans were used to 
evaluate extent of resection.

Ten out of 86 patients (12%) received conventional exter-
nal focal RT alone, 21 (24%) chemotherapy alone (ChT; 
16 (76%) temozolomide, 5 (24%) PCV or nitrosourea), 24 
(28%) were treated with radio-chemotherapy (RChT; con-
comitant: 16 (67%) temozolomide; 8 (33%) PCV or nitros-
ourea) and 31 (36%) had been followed by watch-and-wait 
strategy after surgery. RT+  patients received fraction doses 
of 1.8–2.0 Gy, with a median total dose of 59.4 (range 
39.6–60.0) Gy. One patient received fraction doses > 2.0 Gy. 
One RChT patient received WBRT and one RT patient 
received interstitial RT (i.e. radioactive material is directly 
placed into or close to the tumor).

Fig. 1  Cognitive performance (in percentile ranks) in NeuroCog FX 
subtests at baseline and follow-up, separated for treatment groups. a 
Radiotherapy (n = 10). b Chemotherapy (n = 21). c Combined radio-
chemotherapy (n = 24). d Watch-and-wait (n = 31). Asterisks indicate 
statistically significant changes (i.e. improvement) in cognitive per-
formance; * p < 0.05, ** p < 0.01, *** p < 0.001; bars indicate stand-
ard error of mean

◂
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Baseline NPA was largely conducted within one week 
(median 7 days, range one day to 15 weeks) after surgery 
and before start of adjuvant therapy in all cases. No corre-
lation between neurocognitive function and length of time 
interval between surgery and NPA (3–13 days) was found 
previously [35]. Patients underwent serial NPA every six 
months. In all RT+  patients, follow-up NPA exceeded a six 
months interval after completion of RT to rule out acute or 
early delayed radiation toxicity. Thus, median T1-T2 interval 
was 16.8 (range 5.9–31.1) months.

Change of neurocognitive functioning within two 
years after surgery

With the exception of two mean scores at T1 (fluency in RT 
patients and verbal memory in RChT patients), mean cog-
nitive performance of all treatment groups was categorized 
within average of healthy controls (percentile ranks between 
16 and 84) in all domains at T1 and T2. All treatment groups 
numerically and often even significantly improved in all cog-
nitive domains (Fig. 1). ANOVAs revealed that the extent 
of change in cognitive performance did not differ between 
treatment groups in any cognitive domain (all ps ≥ 0.076; 
additional data are given in Online Resource 2).

Regarding performance at T2, analyses indicated diverg-
ing performance levels in short-term memory (p = 0.022) and 
verbal memory (p = 0.013) between groups. Pairwise post-hoc 
comparisons indicated that cognitive performance of watch-
and-wait patients at T2 was better than that of RChT patients 
with respect to short-term memory (mean score 55.7 [standard 
deviation (SD) 31.1] vs. 32.5 [SD 24.1], p = 0.028; mean dif-
ference 23.2, 95% confidence interval (CI) 7.8–38.6) and ver-
bal memory (mean score 45.9 [SD 34.4] vs. 20.1 [SD 17.7], 
p = 0.011; mean difference 25.8, 95% CI 11.4–40.3), despite 
equivalent baseline performance levels (not shown).

Change of neurocognitive functioning associated 
with radiotherapy

When comparing cognitive performance of RT+  (n = 34) 
and RT- (n = 52) patients, repeated measures ANOVA 
revealed a significant interaction of radiotherapy and time-
point (i.e. a group difference in longitudinal change) with 
respect to figural memory (p = 0.029; mean difference 13.5, 
95% CI 1.4–25.7) only. RT- patients improved from initial 
percentile rank 30.6 (SD 26.2) up to 52.4 (SD 23.0), whereas 
RT+  patients improved from initial percentile rank 34.1 
(SD 24.7) up to 42.4 (SD 29.1) at follow-up. Similarly, RT- 
patients showed a numerically stronger increase of perfor-
mance than RT+  patients in short-term memory (mean score 
15.2 [SD 28.9] vs. 3.6 [SD 28.9], p = 0.071; mean difference 
11.6, 95% CI -1.0–24.3). By contrast, RT+  patients showed 
a numerically stronger improvement of performance than Ta
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RT- patients in reaction time (mean score 20.0 [SD 27.2] 
vs. 8.3 [SD 32.1], p = 0.088; mean difference 11.6, 95% CI 
1.8–25.0) (Table 2 and Fig. 2a). No differences with respect 
to radiation occurred for working memory, selective atten-
tion, inhibition, verbal memory and fluency (all ps ≥ 0.125). 
RT- patients had higher overall performance levels than 
RT+  patients in short-term memory (mean score 42.7 
[SD 26.9] vs. 30.8 [SD 23.2], p = 0.037; mean difference 
12.0, 95% CI 0.8–23.2) and verbal memory (mean score 
36.0 [SD 27.7] vs. 20.1 [SD 21.6], p = 0.007; mean differ-
ence 15.9, 95% CI 4.4–27.3), when considering cognitive 
performance averaged for T1 and T2. Additional data on 
an individual patient level are given in Online Resource 3. 

Change of neurocognitive functioning associated 
with chemotherapy

ChT+ (n = 45) and ChT- (n = 41) patients did not differ in 
any cognitive domain with respect to longitudinal increase 

or decrease of performance (all ps ≥ 0.403). No tendency for 
any difference in cognitive change between groups occurred 
(Table 2 and Fig. 2b). However, ChT- patients showed a 
higher overall performance level than ChT+ patients 
in short-term memory (mean score 45.0 [SD 26.9] vs. 
31.6 [SD 23.8], p = 0.017; mean difference 13.4, 95% CI 
2.5–24.3), when considering cognitive performance aver-
aged for T1 and T2.

Neurocognitive functioning related to tumor 
and surgery characteristics

Comparison of patients with oligodendroglioma (n = 11 
WHO grade 2 and n = 7 WHO grade 3) and astrocytoma 
(n = 17 WHO grade 2 and n = 11 WHO grade 3) revealed 
that at T1 and T2, there was no difference between groups in 
any cognitive domain (all ps ≥ 0.071). Both groups improved 
numerically in all cognitive domains. While patients with 
oligodendroglioma improved significantly in reaction 

Fig. 2  Change of cognitive functioning within a two-year follow-up. 
Graphs indicate mean cognitive performance (in percentile ranks) 
in NeuroCog FX subtests at baseline after surgery and at two-year 
follow-up, separated for dichotomized treatment groups. The aster-
isk indicates a statistically significant difference in cognitive change 
between groups; *  p < 0.05; bars indicate standard error of mean.  

a Irradiated patients (RT+, radiotherapy only or combined radio-
chemotherapy, n = 34) and non-irradiated patients (RT-, chemother-
apy only or watch-and-wait, n = 52). b Patients with chemotherapy 
(ChT+, chemotherapy only or combined radio-chemotherapy, n = 45) 
and without chemotherapy (ChT-, radiotherapy only or watch-and-
wait, n = 41)
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time, selective attention, inhibition and verbal memory 
(ps ≤ 0.031), significant improvements in verbal memory, 
figural memory and selective attention (ps ≤ 0.044) were 
seen in astrocytoma. A stronger improvement concerning 
inhibition was seen in oligodendroglioma as compared to 
astrocytoma (mean score 26.7 [SD 28.2] vs. 6.4 [SD 31.8], 
p = 0.034; mean difference 20.3, 95% CI 1.6–38.9). Addi-
tional data are given in Online Resource 4.

In astrocytoma, irradiation and chemotherapy had no 
diverging effects on cognitive functions when comparing 
the extent of cognitive change in RT+  and RT- patients and 
ChT+ and ChT- patients, respectively (all ps ≥ 0.150, not 
shown). The same was true for irradiation in oligodendro-
glioma. However, comparison of ChT+ and ChT- in oli-
godendroglioma patients showed a stronger improvement 
of ChT- patients in reaction time (mean score 45.6 [SD 
30.9] vs. 8.5 [SD 29.9], p = 0.033; mean difference 37.1, 
95% CI 3.5–70.8, not shown). Altogether, in both glioma 
groups, RT- patients improved in more cognitive domains 
than RT+  patients and ChT+ patients improved in more 
domains than ChT- patients (for details, see Online Resource 
5). Non-irradiated oligodendroglioma patients showed a 
stronger improvement than non-irradiated astrocytoma 
patients concerning inhibition (mean score 31.4 [SD 27.5] 
vs. 2.1 [SD 25.1], p = 0.004; mean difference 29.2, 95% CI 
9.9–48.6). Similarly, oligodendroglioma patients without 
chemotherapy showed a stronger improvement than astro-
cytoma patients without chemotherapy concerning reaction 
time (mean score 45.6 [SD 30.9] vs. 2.5 [SD 32.4], p = 0.019; 
mean difference 43.1, 95% CI 7.9–78.3) and inhibition (mean 
score 42.2 [SD 31.1] vs. 5.6 [SD 31.3], p = 0.041; mean dif-
ference 36.6, 95% CI 1.7–71.5) (not shown).

At T1, patients with gross total, subtotal or partial resection 
(n = 70) showed numerically worse performance than patients 
with biopsy (n = 16) in most domains (except verbal memory 
and fluency) with significantly lower performance in work-
ing memory (mean score 35.9 [SD 35.4] vs. 55.9 [SD 37.3], 
p = 0.047; mean difference 20.0, 95% CI 0.3–39.7) and reac-
tion time (mean score 28.8 [SD 26.9] vs. 49.2 [SD 36.3], 
p = 0.013; mean difference 20.4, 95% CI 4.5–36.3). Resected 
patients improved in all cognitive domains (all ps ≤ 0.001), 
whereas patients with biopsy improved in selective atten-
tion (p = 0.019; mean difference 21.5, 95% CI 4.2–38.8) and 
figural memory (p = 0.048; mean difference 13.6, 95% CI 
0.1–27.1) only (for details, see Online Resource 6). At T2, 
cognitive performance of groups predominantly converged.

Discussion

The present study aimed to address the “mid-term” treat-
ment-related effects of RT, ChT, RChT and watch-and-wait 
on cognitive functioning (i.e. the primary outcome) of WHO 

grade 1–4 glioma patients treated between 2004 and 2012. 
The aspect of clinical significance was addressed by using 
standardized outcome measures (i.e. percentile ranks) that 
form the basis for evaluating a deviation from “healthy” 
functionality.

The four treatment groups showed no differences in cog-
nitive change two years after first-line surgery; moreover, 
they showed numerical and often even statistically signifi-
cant improvements of cognitive functioning when compar-
ing baseline and follow-up; this effect was more pronounced 
in patients with gross total, subtotal or partial resection than 
in those with biopsy.

Improvements of cognitive performance in the present 
study may just represent an effect of recovery from surgery, 
but may as well reflect “consolidation” of compromised 
brain function after elimination of glioma cells, networks 
and their detrimental metabolic and (patho)neurophysiologi-
cal effects on normal surrounding tissue [36–39]. In this vein 
functional connectivity is disturbed by glioma even in brain 
tissue remote from the visible tumor, subsequently affecting 
cognitive performance [40]. In patients having undergone 
biopsy only and thus not having experienced reduction of 
their tumor volume at baseline significant improvements 
were observed in two cognitive domains only, whereas 
patients with gross total, subtotal or partial resection showed 
significant improvements in all cognitive domains. One pos-
sible explanation may be that biopsies represent the pre-
ferred method for large and/or deeply located tumors [11] 
with worse prognosis in terms of cognitive decline over time 
and do not result in volume reduction or tumor network dis-
ruption. In contrast, resections apply to accessible gliomas, 
effectively reduce tumor volume and disrupt tumor networks 
but are more invasive and potentially harmful, such that they 
carry a higher risk of immediate neurologic deterioration, 
and a more compromised state to recover from in the follow-
ing (months). It is of note that immediate (“baseline”) NPA 
showed numerically or significantly worse performance in 
resected patients in most cognitive domains, such that a sus-
tained effect on recovery of brain function, i.e. neurocogni-
tion was detectable at T2. Admittedly, there was a significant 
difference between resected patients and patients with biopsy 
concerning the numerical distribution of adjuvant treatment 
modalities that might have confounded results at T2. How-
ever, due to the small sample size of these subgroups it is 
impossible to draw firm conclusions from this observation. 
Consistent with the finding of more extensive improvements 
in resected patients in our study, a moderate correlation of 
disturbed functional connectivity in the lesional hemisphere 
with tumor volume – though no correlation was found for 
tumor volume and cognitive performance – and a strong 
influence of the main tumor on cognitive functions were 
suggested [40].
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In oligodendroglioma patients we found a greater poten-
tial to improve in attentional and executive functions than 
in astrocytoma patients, especially in patients followed by a 
watch-and-wait strategy, although impairments in these cog-
nitive domains often persist after the postoperative recovery 
period in brain tumor patients in general [41]. A greater 
potential to improve was seen in oligodendroglioma than 
in astrocytoma patients with a better outcome in RT- and 
ChT+ patients in both groups. This underlines the favorable 
disposition of oligodendroglioma in neurocognitive outcome 
as compared to astrocytoma. However, the favorable neuro-
cognitive outcome in oligodendroglioma patients may not 
purely reflect a result of tumor biology within this entity 
but may as well be a consequence of the treatment modality 
(i.e. chemotherapy) which was applied in 50% of oligoden-
drogliomas and in only 21.4% of astrocytomas in our series. 
In contrast, combined radio-chemotherapy was applied in 
28.6% of astrocytoma patients, whereas only 22.2% of oligo-
dendroglioma patients received this treatment in our series. 
Therefore, the uneven distribution of treatment modalities 
in astrocytoma and oligodendroglioma patients may have 
confounded results.

It is of note that no advantage of irradiation or chemother-
apy was seen in astrocytoma patients, though astrocytomas 
are capable to build widely distributed tumor cell networks 
that disrupt neuronal networks and functional connectivity 
and compromise cognitive functions [40]. In this regard, 
our study could not support the assumption that radiation or 
chemotherapy suppress this network-effect and thus contrib-
ute to an improvement of cognitive functioning.

ChT+ patients showed no significant cognitive dete-
rioration as compared to ChT- patients. We assume that 
chemotherapy did not induce mid-term neurotoxicity in our 
sample in line with a favorable neurological side effect pro-
file of temozolomide [42, 43]. The present results match 
with previous evidence on marginal [44] or even no adverse 
impact of chemotherapy on cognitive functioning within 
12 months following RChT in “high-grade glioma” (HGG) 
[45]. In “HGG” patients, who were assessed before, during 
and after standard RChT, cognitive functioning remained 
stable or improved in 70% of the patients [46]. Likewise, 
RTOG 05-25-trial showed no differences in neurocognitive 
functioning between dose-intensifying temozolomide versus 
standard chemo-radiotherapy in newly diagnosed glioblas-
toma within six months after chemotherapy [19].

It is assumed that RT may negatively affect health-related 
QoL through irreversible brain damage resulting in cogni-
tive deficits, which was true in former analyses evaluating 
radiation sequelae of “historic” regimens and methodol-
ogy [5, 12, 47]. In the present study no deteriorating effect 
of RT was found two years following focal RT with mean 
total doses of 59.4 Gy (fraction dose 1.8–2.0 Gy). Similarly, 
several studies reported no significant long-term cognitive 

impairments following focal radiation with total doses of 
50.4–64.8 Gy and fraction doses of 1.8 Gy [48–50]. When 
comparing cognitive performance between dichotomized 
groups of RT+  and RT- patients, however, a significantly 
lower improvement (nevertheless an improvement) of figural 
memory was detected in RT+  patients in the present study. 
Thus, it cannot be ruled out that exposure to radiation may 
delay or counteract postoperative recovery of memory func-
tions. By contrast, attention and executive functions seem 
to recover within two years after surgery irrespective of the 
application of irradiation. One possible explanation may be 
that hippocampal structures with neuronal progenitor and 
stem cell compartments - regarded as being essential for 
memory - are particularly sensitive to RT due to its adverse 
impact on hippocampal neurogenesis and myelin production 
[51, 52].

Since Douw and colleagues reported significant increases 
of attentional deficits that were independent of e.g. fraction 
dose, extent of resection and AED approximately 12 years 
following RT [12] cognitive deficits may become apparent 
after several years only. Thus, a long-term follow-up of our 
patients is required.

Though patients within this series had been recruited 
between 2004 and 2012 such that their gliomas had been 
classified according to the previous WHO classification sys-
tems published in 2000 and 2007, the primary endpoint of 
this trial “mid-term neurocognitive function” obviously is 
not affected by modification of histopathological and molec-
ular classification. However, to further analyze subgroups 
of distinct gliomas in association with effects of different 
treatment modalities, all available tumor material had been 
re-assessed for molecular markers determining the current 
classification system. It is of note that five out of 11 glio-
blastomas were re-classified as astrocytomas, IDH-mutant 
WHO grade 4, i.e. gliomas with a different biology. Thus, 
it cannot be completely ruled out that tumor characteristics 
confounded results of overall analysis of neurocognition.

The present study is not without limitations. Since we 
had included patients treated in large university centers we 
cannot rule out that our cohort represents a highly selected 
population, which might have biased results. Furthermore, 
the rather small sample size and partly heterogeneous 
patient population with small subsamples may have lim-
ited statistical power and hence obscured the demonstra-
tion of statistically significant differences concerning treat-
ment modalities. We increased the size of subgroups by 
dichotomizing treatment groups in order to detect subtle 
changes of cognitive performance, while we appreciate 
that these composite groups do not allow to draw firm 
conclusions concerning the mere effect of irradiation and 
chemotherapy on neurocognition. As we have prospec-
tively observed a patient group and evaluated cognitive 
functioning at different timepoints for several years (i.e. 
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between 2004 and 2012), a change in established treat-
ments and imaging techniques of brain tumors unfortu-
nately could not be avoided or controlled for. Therefore, 
we cannot rule out the possibility that the present results 
on cognitive functioning are confounded by classification 
systems and treatment protocols that are outdated. Further-
more, in 25 out of 86 patients a CT was used to evaluate 
extent of resection instead of MR imaging, which is not 
state of the art. In addition, the evaluation of cognitive 
change using the reliable change index would have been 
a reasonable alternative to evaluate change in cognitive 
performance over time. However, since the focus was on 
the magnitude of cognitive change rather than the mere 
analyses of deterioration or improvement and to avoid any 
loss of information, percentile ranks were used instead. 
Furthermore, NeuroCog FX is standardized [28, 29] and 
validated [30] but one may argue, that the mere absence of 
cognitive deficits may be due to shortcomings of this test, 
anyway. The number of patients with cognitive decline 
may be underestimated since patients who refused follow-
up assessment might be in clinically worse conditions, i.e. 
positive selection of patients. Moreover, test repetitions 
may in part be accountable for cognitive improvements. 
However, since the interval between two NPAs was at least 
six months and parallel versions of subtests were used it 
is unlikely that transfer or practice effects confounded the 
present results. Principally it has to be considered that 
the mere lack of significant differences in primary and 
secondary outcome measures in this rather small and het-
erogeneous sample does not exclude the presence of subtle 
changes that may be significant in larger populations.

In sum, the present study suggests no relevant changes of 
cognitive performance in dependence of treatment in WHO 
grade 1–4 glioma patients in a mid-term follow-up.
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