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Methods  The cohort consisted of 44 astrocytoma World 
Health Organization grade III/IV patients. The Neuro-
CogFx® test was carried out on patients during (N =  44) 
and after (N = 21) irradiation. The test examines verbal/fig-
ural/short-term/working memory, psychomotorical speed, 
selective attention and verbal speed. The results were 
compared with regular patient and treatment data with an 
emphasis on the dose applied to the hippocampus.
Results  Overall there were only slight changes in the 
median test results when comparing the baseline to the 
follow-up tests. In the ‘verbal memory test’ lower percen-
tile ranks were achieved in left-sided tumors compared to 
right-sided tumors (p = 0.034). Dexamethasone intake dur-
ing radiotherapy was significantly correlated with the dif-
ference between the two test batteries. Concerning figural 
memory, a correlation was detected between decreased 
figural recognition and the radiation dose to the left hip-
pocampus (p = 0.045).
Conclusion  We conclude that tumor infiltration of the 
hippocampus has an impact on neurocognitive function. 
However, treatment with radiotherapy seems to have less 
influence on cognitive outcome than expected.

Keywords  Neurocognition · Hippocampus · 
Hippocampal sparing · High-grade glioma · Radiation 
therapy

Introduction

In treatment planning, normal tissue sparing is of cru-
cial importance. Lately, advances in modern radiotherapy 
techniques have continuously improved the quality of the 
delivered dose distribution—especially in terms of tar-
get volume coverage and dose homogeneity, as well as 

Abstract 
Background  Neurocognition is a very important aspect of 
a brain tumor patient’s quality of life following radiother-
apy. The aim of the present study was to assess neurocogni-
tive functions of patients diagnosed with high-grade glio-
mas undergoing radiotherapy by using the NeuroCogFx® 
test and to examine relevant dose/volume parameters as 
well as patient characteristics potentially influencing the 
neurological baseline status and subsequent outcome.
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minimizing the dose to the surrounding organs at risk. The 
appropriate balance between acceptable gross tumor cov-
erage and normal tissue sparing remains a complex clini-
cal and technical challenge, particularly in the treatment 
of gliomas. While sparing some vital organs at risk (e.g., 
brainstem, spinal cord) is considered the gold standard, 
there is still a wide range of other organs at risk in brain 
tumors which would potentially benefit from dose sparing. 
The advent of intensity-modulated radiotherapy (IMRT) 
increased the degree of freedom in treatment planning and 
allowed doctors to explore the potential of sparing other 
normal tissue structures, such as the hippocampus. It was 
recently demonstrated that there might be a beneficial 
effect for hippocampus tissue sparing [1, 2]. Further inves-
tigations are currently under investigation, focusing on the 
effects of radiation exposure to the hippocampus on neuro-
cognitive functions [2–5]. Hippocampal sparing could have 
the potential to significantly reduce neurocognitive impair-
ment, including attention and memory deficits, which are 
known to influence quality of life [2, 6].

In clinical practice, hippocampal sparing has mostly 
been studied in whole-brain radiotherapy (WBRT) of brain 
metastases, resulting in favorable outcomes [7–10]. Fur-
thermore, recent studies have analyzed the feasibility of 
hippocampal sparing using IMRT in primary brain tumors 
[11–14]. The aim of the present study was to assess neu-
rocognitive functions of patients diagnosed with high-
grade gliomas undergoing radiotherapy by using the Neu-
roCogFx® test. The test results were compared to dose 
parameters of the hippocampus, in order to draw conclu-
sions regarding the impact of hippocampal sparing on neu-
rocognitive outcome.

Patients and methods

Patient selection and statistical analysis

For the present study, 44 eligible patients were identified. 
All patients were diagnosed with an anaplastic astrocytoma 
World Health Organization (WHO) grade 3, or a glioblas-
toma multiforme (GBM, WHO grade 4) and were treated 
in 2013 or 2014 at the Department of Radiation Oncology, 
University of Munich, Germany. All patients underwent 
definitive or postoperative radiotherapy. Patients under-
going radiotherapy for recurrent disease were excluded 
from the present analysis. To evaluate the radiation dose 
exposure to the hippocampi, both hippocampi were sys-
tematically delineated within all treatment plans. During 
the 6-week period of radiation treatment, all patients were 
examined with a baseline NeuroCogFx® test. In 21 patients 
(48  %) a re-evaluation was performed with repetition of 
the NeuroCogFx® test on follow-up. Reasons for dropout 

were poor general health, death or unknown absence to the 
follow-up examinations. The median interval between the 
two tests was 155 days (range 81–491 days). Twenty-three 
patients were lost to follow-up and did not undergo a sec-
ond testing. The results of the tests were compared to the 
treatment data and analyzed using IBM SPSS Statistics® 
Version 22 using non-parametrical tests (Kruskal–Wallis 
and Mann–Whitney-U test) and the Spearman Rho cor-
relation test. The tests and p values were two-tailed. This 
prospective study was approved by the ethics committee 
(votum reference number: 325-11).

Contouring of the hippocampi

The hippocampi were contoured following the contouring 
guide by Chera et  al. [15] who recommended delineation 
on the T1 sequence of the magnetic resonance imaging 
(MRI). Contouring should start at the caudal part of the 
hippocampus, which can be found as a hypointense struc-
ture next to the amygdala and close to the temporal horn of 
the lateral ventricle. However, in our experience, it seems 
more practical to start contouring at the most cranial part 
of the hippocampus, at the level of the fornix, as many 
tumors, or their edemas, consume the caudal part of the 
hippocampus [16]. From there on, the hippocampus can be 
easily followed next to the lateral ventricle.

Surgery and radiotherapy

Depending on tumor size, anatomical location and expected 
functional impairment, patients underwent gross total resec-
tion (GTR). Subtotal resections were avoided, as there is no 
clear benefit for this strategy [17]. In the remaining patients, 
only a biopsy was performed to histologically confirm the 
diagnosis of glioma. The bioptic material was additionally 
examined for mutations with prognostic value, with the meth-
ylated O6-methylguanine-DNA methyltransferase (MGMT) 
promoter being the most important. The MGMT promoter is 
most frequently evaluated using a pyrosequencing technique 
from formalin-fixed and paraffin-embedded specimens [18].

Patients were treated using three-dimensional conformal 
radiotherapy to a total dose of 60.0  Gy, in a conventional 
schedule with 2.0  Gy per fraction. Patients were treated 
using megavoltage (MV) equipment with a minimal nominal 
energy of 6 MV and were immobilized with a thermoplastic 
mask system to ensure accurate setup reproducibility. For 
treatment planning, computed tomography (CT) with a slice 
thickness of 2.5 or 3 mm was performed and co-registered 
with MR images. The CT was fused with the T1-weighted 
sequence with gadolinium, and the T2-weighted sequence of 
the MRI. Gross tumor volume (GTV) was delineated based 
on the contrast-enhancing lesion. The GTV was expanded 
for the clinical target volume with a 20-mm margin which 
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included the perifocal edema. For planning target volume 
a 5-mm margin was added additionally. Treatment plan-
ning was performed employing the Oncentra® treatment 
planning system (OTP MasterPlan®; Nucletron, Solingen 
Germany). Treatment planning and dose calculations were 
based on reports 50 and 62 of the International Commission 
on Radiation Units and Measurements.

Patients with a MGMT promoter received concomitant 
and adjuvant alkylating chemotherapy with temozolomide 
[19–23]. In patients lacking MGMT promoter methylation, 
chemotherapy was administered depending on the patient’s 
clinical condition; elderly patients in particular do not seem 
to benefit due to toxicity [24].

Equivalent uniform dose concept

The equivalent uniform dose (EUD) concept assumes that 
different dose distributions are equivalent, if they cause 
the same radiobiological effect. Therefore, EUD was used 
as an evaluation tool for non-homogeneous irradiation 
compared to an idealized homogeneous dose distribution 
[25]. Since the present study tried to detect neurocogni-
tive effects on the hippocampi, it seemed obvious to use the 
EUD concept in addition to the regular data of the dose vol-
ume histogram. The generalized EUD model was used as 
described previously [16, 26, 27].

NeuroCogFx®

The NeuroCogFx® test (version 2008) is ‘a computer-based 
neuropsychological battery of tests developed to investigate 
neurological patients for cognitive dysfunction after potentially 
neurotoxic therapy’ [28]. The test examines verbal memory, 
figural memory, short-term memory, working memory, psy-
chomotorical speed, selective attention and verbal speed. The 
six subtests are described in detail in Table 1, which is based on 
the table shown in the original paper by Fliessbach et al. [28]. 
It was designed as a short test (duration approximately 25 min) 
that is easily comprehensible for patients with cognitive dys-
function. It has previously been assessed for practicability, reli-
ability and validity [28]. Furthermore, it was standardized on a 
control group (N = 242; age range 16–75 years) without any 
known neurological or psychiatric diseases. The test results 
are presented with the percentile rank (PR) as compared to the 
standardized test results from the control group.

Results

Patient characteristics

The cohort consisted of 44 patients (16 female, 36  %; 
28 male, 64  %) undergoing radio(chemo)therapy at the 

Department of Radiation Oncology, University of Munich, 
Germany. All but one patient were right-handed (98  %). 
Nine patients had a bilateral tumor (21  %), 19 a left-
sided tumor (43 %) and 16 a right-sided tumor (36 %). 18 
patients underwent a gross total resection prior to radiother-
apy (41 %), compared to 26 patients who received a biopsy 
alone (59  %). Histological analysis revealed an astrocy-
toma WHO grade III in seven pathologic specimens (16 %) 
and a GBM in 37 cases (84 %). Of these, 24 patients had a 
methylated MGMT promotor (55 %), 5 a partial methyla-
tion (11 %) and 12 patients had a non-methylated MGMT 
promoter (27 %). In 3 patients the MGMT status was not 
examined (7  %). Concomitant alkylating chemotherapy 
with temozolomide was administered in 34 patients (77 %). 
Concerning hippocampus affection, the hippocampi were 
affected bilaterally by the tumor in only one case (2 %). In 
contrast, 20 patients had a unilateral hippocampus affection 
(46  %), and 23 patients did not have any tumor involve-
ment of the hippocampi (52 %). In this study, hippocampus 
affection means a radiological infiltration of the hippocam-
pus by tumor volume as seen on MRI. Patient characteris-
tics are summarized in Table 2. The median overall survival 
was 767 days (standard deviation 132.4 days).

Treatment parameters

Overall, the median brain volume was 1,344.3  ml (range 
1,140.7–1,713.4  ml). The median brain mean dose was 
34.0 Gy (range 18.2–42.2 Gy), and the median brain EUD 
was 47.5  Gy (range 33.7–51.4  Gy). Concerning the vol-
ume of the hippocampi, the median bilateral hippocam-
pus volume was 3.4  ml (range 1.2–9.1  ml). The median 
bilateral hippocampus mean dose was 37.57  Gy (range 
4.0–56.0 Gy), and the bilateral median hippocampus EUD 
was 50.8  Gy (range 11.3–58.02  Gy). An overview of the 
treatment parameters and the exact dose distributions can 
be found in Table 3.

NeuroCogFx® test results

The results of the NeuroCogFx® test are summarized in 
Table  4. As expected, a clear performance deficit for the 
present cohort was found compared to the standardized test 
results of the standardized control group. To further evalu-
ate these cognitive dysfunctions, the results of the tests 
were correlated to patient- and therapy-related parameters.

In the ‘verbal memory test’, lower percentile ranks 
were achieved in left-sided tumors compared to right-sided 
tumors (median PR: left-sided 3; right-sided 30; bilateral 
10)—a correlation which was significant on statistical anal-
ysis (p = 0.034, Kruskal–Wallis test). Similarly, the ‘word 
fluency test’ showed a significant correlation to the affected 
cerebral hemisphere (median PR: left 1; right 70; both 
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sides 10) (p = 0.006, Kruskal–Wallis test). Moreover, the 
test results of the ‘verbal memory test’ were significantly 
influenced by the patient’s educational background (highest 
degree reached) in the Kruskal–Wallis test (p = 0.007).

Analysis of the ‘figural memory test’ results revealed 
better test scores if the hippocampus was directly affected 
by the tumor, with a median percentile rank of 55 versus 
a median PR of 20 for non-involved hippocampi. This 
connection was significant on Mann–Whitney U testing 
(p = 0.011).

A concordance of the NeuroCogFx® test results and gen-
der was detected on the ‘simple reaction time test’ which 
showed a trend for longer reaction times in women (median 
PR: 20) compared to men (median PR: 40) (p =  0.011, 
Mann–Whitney U test).

The operation method (biopsy only or GTR) had a sig-
nificant influence on the ‘digit span test’ of the baseline 
tests in nonparametric testing (Mann–Whitney U). In the 
‘correct reproduction’ category, the median PR was 50 with 
GTR and 30 with biopsy only (p = 0.09), and in the ‘maxi-
mum digits’ category, the medial PR was 50 with GTR and 
40 with biopsy only (p = 0.04). The other subtests did not 
show any significant difference depending on operation.

Finally, we evaluated the correlation between test results 
and steroid intake (in mg/d). In the ‘digit span test’ the 
number of correct reproductions and the maximum length 
of the sequences correlated significantly with dexametha-
sone intake (Spearman’s rho: −0.4, p  =  0.009; −0.4, 
p  =  0.008, respectively). Patients with a higher intake 
had worse results. Accordingly, comparable results were 
obtained in the ‘choice reaction test’ (Spearman’s rho: 
−0.3, p =  0.046), the ‘verbal memory test’ (Spearman’s 
rho: −0.3, p = 0.029) and the ‘word fluency test’ (Spear-
man’s rho: −0.360, p = 0.014).

Differences between baseline and follow‑up 
NeuroCogFx® tests

Overall, there were only slight changes in the median test 
result when comparing the baseline to the follow-up tests 
(see Table 5). As mentioned above, in this setting, the dexa-
methasone intake during radiotherapy was significantly 
correlated with the difference between the two test batter-
ies. A higher intake negatively influenced the ‘2-back test’ 

Table 2   Patient characteristics

N (%)

Gender Male 28 64

Female 16 36

Grading WHO grade 3 7 16

WHO grade 4 37 84

Surgery Gross total resection 18 41

Stereotactic biopsy 26 59

Tumor localization Left 19 43

Right 16 36

Both sides 9 20

Concomitant chemotherapy Yes 34 77

No 10 23

MGMT promoter methylation Yes 24 55

No 12 27

Partially 5 11

Unknown 3 7

IDH1 mutation Yes 4 9

No 31 70

Unknown 9 20

IDH2 mutation Yes 1 2

No 32 73

Unknown 11 25

Tumor infiltration of hippocampus Yes 20 45

No 22 50

Bilateral 1 2

Table 3   Treatment parameters (N = 44)

Mean Median Minimum Maximum

Brain volume (ml) 1355.9 1344.3 1140.7 1713.4

Brain mean dose (Gy) 32.7 34.0 18.2 42.2

Brain max dose (Gy) 62.3 63.0 41.0 65.4

V45 brain (%) 37.3 38.7 0.0 61.0

V50 brain (%) 32.7 33.1 0.0 58.2

V60 brain (%) 10.2 9.9 0.0 23.4

Brain EUD (Gy) 46.8 47.5 33.7 51.4

Hippocampus volume both 
sides (ml)

3.5 3.4 1.2 9.1

Hippocampus both sides 
mean dose (Gy)

33.9 37.6 3.8 55.8

Hippocampus both sides 
max dose (Gy)

53.4 58.1 15.6 63.1

Hippocampus both sides 
EUD (Gy)

46.3 50.8 11.3 58.0

Hippocampus left mean 
dose (Gy)

34.2 29.6 4.1 60.3

Hippocampus left max 
dose (Gy)

45.9 51.1 11.2 63.1

Hippocampus left EUD 
(Gy)

40.6 45.8 9.9 60.3

Hippocampus right mean 
dose (Gy)

35.7 35.2 3.5 58.9

Hippocampus right max 
dose (Gy)

45.8 52.2 6.4 60.4

Hippocampus right EUD 
(Gy)

40.5 44.9 4.7 58.9

Dexamethasone demand 
(mg/d)

5.8 4.0 0.0 24.0
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(Spearman’s rho: −0.5, p =  0.042), the ‘choice reaction 
test’ (Spearman’s rho: −0.5, p =  0.043) and the ‘figural 
memory test’ (Spearman’s rho: −0.6, p = 0.005). Interest-
ingly, there were significant correlations between the dif-
ference for ‘simple reaction tests’ and the right hippocam-
pal mean dose (Spearman’s rho: 0.5, p = 0.016), maximum 
dose (Spearman’s rho: 0.5, p =  0.033) and EUD (Spear-
man’s rho: 0.5, p = 0.024). Additionally, the difference for 
the ‘figural memory test’ was significantly correlated with 
the maximum dose to the left hippocampus (Spearman’s 
rho: −0.5, p =  0.045). Operation method also had a sig-
nificant influence on the ‘figural memory test’ results in 
non-parametrical testing (Mann–Whitney U). Patients with 
GTR improved by a median PR of 20, whereas patients 
with biopsy only had a median decrease of 20 (p = 0.037). 
Furthermore, age was significantly correlated with the 
difference for ‘verbal memory tests’ (Spearman’s rho: 
0.6, p =  0.008) and ‘word fluency’ (Spearman’s rho: 0.6, 
p = 0.008). Chemotherapy with temozolomide did not have 
any significant influence on the test results.

Discussion

It is well known that there are functional differences between 
the hemispheres of the brain, e.g., the Broca and the Wernike 
area, which are responsible for language, are located only on 
the dominant side (for right-handed people usually the left 
side). The possibility of a functional difference between the 
sides of the hippocampi has often been discussed but not 
absolutely verified. It is assumed that the left side is more 
strongly associated with verbal memory and the right side 
more strongly associated with spatial memory. The hypoth-
esis could be confirmed for the left side; however, this was 
not the case for the right side [29, 30]. Overall, the left side 
might have a slightly more important role than the right side 
[30]; our data support this as verbal and numeral function 
is also more strongly affected if the tumor is located on the 
left side. The test results, however, also show external influ-
ences such as gender, education and age. Additionally, the 
amount of dexamethasone intake during radiotherapy had a 
negative influence on different subtests. Clearly, there might 
be a potential for a selection bias, since patients presenting 
with larger tumors and more perifocal edema usually receive 
higher doses of dexamethasone. A further limitation of the 
present study is the small sample size.

The impact of radiotherapy on neurocognitive outcome 
was analyzed by conducting the NeuroCogFx® test on fol-
low-up and by comparing it to the baseline test. The differ-
ences between the two test batteries were less pronounced 
than expected. The reaction time in the ‘simple reaction’ 
test was significantly shorter in the follow-up test if the 
right hippocampus was more strongly exposed. This result 

could be explained by the fact that, if the right hippocam-
pus was more strongly exposed in these cases, the left hip-
pocampus was less exposed. Concerning figural memory, 
a correlation was detected between decreased figural rec-
ognition and the radiation dose to the left hippocampus 
(p  =  0.045). Overall, tumor localization had a greater 
impact on neurocognitive function than the impact of radia-
tion exposure on the hippocampi. A tumor reduction by 
GTR even improved some subtest results, supporting the 
assumption that the tumor volume has a strong influence 
on neurocognition. However, it cannot be ruled out that a 
low-dose exposition of the hippocampus could result in 
neurocognitive changes on long-term follow-up. In a phase 
II hippocampal avoidance study for WBRT conducted by 
Gondi et  al. [31], neurocognitive improvement became 
apparent at only 6  months following radiotherapy. As a 
result, the timing of the follow-up test in the present study 
might have been conducted too early or too late to detect 
a significant impact. For instance it might be possible that 
the neurocognitive decree is strongest after 3  month but 
regenerates after 6 months, or that it first becomes appar-
ent much later. Obviously, further studies with larger sam-
ple sizes and longer follow-up, including additional Neuro-
CogFx® tests, are needed to answer these questions.

The connection between neurocognition and the hip-
pocampus dates back to a 1957 case report by the American 
neurosurgeon William Beecher Scoville which describes an 
anterograde amnesia affecting patients with hippocampal 
lesions after bilateral temporal lobe dissection [32]. Defi-
cits in cognitive function (mostly verbal) could also be con-
nected with hippocampal exposure to radiation [33–35]. The 
deficits seem to be caused by inhibition of neural prolifera-
tion in the subgranular zone. Monje et al. [36] suggest that 
this could be due to inflammation, as neurogenesis seems 
to be protected by immunosuppressive medication such as 
indomethacin. A 2015 study showed that even systemic 
inflammation due to intestinal bowel disease has an impact 
on hippocampal neurogenesis, which might cause the loss 
of cognitive function described for patients with intestinal 
infections [37]. Thus, hippocampal radiation toxicity seems 
to be caused by inhibiting neural proliferation either through 
radiation directly or indirectly by causing inflammation.

To date, hippocampal sparing has mostly been explored 
in patients diagnosed with brain metastases and treated 
with WBRT. Obviously, a better functional outcome 
with decreased neurocognitive impairment was observed 
in cases of hippocampal avoidance [31]. The risk of an 
increased occurrence of metastases within the hippocampi 
has been proven to be negligible [9]. Overall, sparing of 
the hippocampi seems to be beneficial for patients under-
going WBRT. In Germany a prospective randomized 
multicenter phase II study is being launched (the HIPPO-
RAD study) to investigate the neurocognitive outcome of 
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patients with metastases receiving WBRT with hippocam-
pal sparing and dose escalation [38]. In patients diagnosed 
with high-grade gliomas of the central nervous system, 
sparing of the hippocampus is still under debate. While 
the technical preservability of the hippocampus in differ-
ent treatment techniques could already be proved [11, 14], 
it still remains unclear if hippocampus sparing in high-
grade gliomas has an impact on neurocognitive function. 

Furthermore, the hippocampus contains stem cell niches 
in the subgranular zone, which could be a reason for the 
recurrence of gliomas [39–42]. As a consequence, some 
authors suggest including the ipsilateral hippocampus in 
the target volume, and to preserve the contralateral hip-
pocampus [2, 12]. Our 2014 study showed that this sug-
gestion is also feasible diametrically [16]. Nevertheless, a 
real benefit has yet to be revealed in the future.

Table 4   NeuroCogFx® test 
results: the results of the 
baseline test during the radiation 
period and the follow-up test

N Mean Median Minimum Maximum

Valid Missing

Baseline: digit span: number of correct repro-
ductions (PR)

44 0 44.2 45.0 0 90

Baseline: digit span: maximum of reproduced 
items (PR)

44 0 45.2 40.0 0 99

Baseline: 2-back (PR) 44 0 34.0 18.0 0 99

Baseline: simple reaction: reaction time (PR) 44 0 22.7 16.0 0 70

Baseline: choice reaction: reaction time (PR) 44 0 32.4 30.0 0 97

Baseline: choice reaction: correct reactions (PR) 44 0 28.1 20.0 0 90

Baseline: verbal memory (PR) 43 1 20.9 10.0 0 84

Baseline: figural memory (PR) 43 1 37.7 40.0 0 97

Baseline: word fluency (PR) 44 0 28.7 16.0 0 100

Follow-up: digit span: number of correct repro-
ductions (PR)

21 23 49.2 40.0 0 99

Follow-up: digit span: maximum of reproduced 
items (PR)

21 23 53.1 50.0 1 99

Follow-up: 2-back (PR) 21 23 43.8 30.0 0 99

Follow-up: simple reaction: reaction time (PR) 21 23 17.6 16.0 0 50

Follow-up: choice reaction: reaction time (PR) 21 23 24.9 20.0 1 70

Follow-up: choice reaction: correct reactions 
(PR)

21 23 22.1 16.0 0 84

Follow-up: verbal memory (PR) 21 23 30.6 20.0 0 97

Follow-up: figural memory (PR) 21 23 45.9 40.0 3 90

Follow-up: word fluency (PR) 21 23 27.8 20.0 0 84

Table 5   Differences between 
primary and follow-up 
NeuroCogFx® test: the 
difference is determined as the 
follow-up test result minus the 
primary test result

N Mean Median Minimum Maximum

Valid Missing

Digit span: number of correct reproduc-
tions (PR)

21 23 −0.2 0.0 −40.0 64.0

Digit span: maximum of reproduced 
items (PR)

21 23 −3.1 0.0 −49.0 50.0

2-back (PR) 21 23 7.4 0.0 −96.0 99.0

Simple reaction: reaction time (PR) 21 23 4.9 0.0 −10.0 40.0

Choice reaction: reaction time (PR) 21 23 8.6 0.0 −40.0 81.0

Choice reaction: correct reactions (PR) 21 23 12.0 4.0 −20.0 54.0

Verbal memory (PR) 20 24 −2.3 0.0 −87.0 60.0

Figural memory (PR) 20 24 0.0 −8.0 −40.0 67.0

Word fluency (PR) 20 24 −2.3 0.0 −87.0 60.0

Interval between tests (d) 21 23 200.2 155.0 81.0 491.0
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Conclusion

We conclude that tumor infiltration of the hippocampus has 
an impact on neurocognitive function. However, treatment 
with radiotherapy seems to have less influence on cognitive 
outcome than expected.

The Helsinki declaration of 1975 has been obeyed in all 
points. The patients provided informed consent. The ethics 
committee approved this study (votum reference number: 
325-11).
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