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Abstract
Introduction  With the 2016 World Health Organization Classification of Tumors of the Central Nervous System (2016 
CNS WHO), diagnosis of glioma is based on molecular parameters in addition to histology potentially leading to additional 
demands on quality of tissue samples. This may challenge the role of minimally invasive biopsy procedures. This study aims 
to evaluate the diagnostic yield of glioma samples from frameless stereotactic biopsies with focus on molecular information 
and explore the neuromolecular profile of a glioma biopsy cohort.
Methods  In a case series analysis, 180 consecutive frameless stereotactic biopsies with the Brainlab® Varioguide system 
from January 2011 to October 2017 were reviewed and patients with suspected or verified glioma were identified. Neuro-
pathological samples were reprocessed in accordance with 2016 CNS WHO standards.
Results  One hundred nineteen glioma patients were identified. Analysis of IDH status could be performed in 95.8% resulting 
in a cumulative mutation rate of 9.6%. A complete diagnosis according to 2016 CNS WHO including grading and molecular 
features was achieved in 110 cases (92.4%). Entities were revised in four cases. Most common diagnosis was IDH-wildtype 
glioblastoma (66.4%) followed by IDH-wildtype anaplastic astrocytoma (21.8%).
Conclusions  A formally complete diagnosis according to 2016 CNS WHO was achieved in the majority of cases. The biopsy 
cohort showed a prognostically unfavorable distribution of diagnoses and molecular features. Frameless stereotactic biopsy 
seems to be confirmed as a useful diagnostic tool in contemporary neuro-oncology—however, certain potential limitations 
should be considered.

Keywords  Biopsy · Glioma · Immunohistochemistry · Neuropathology · Stereotaxic techniques · World Health 
Organization

Abbreviations
AA	� Anaplastic astrocytoma
CNS WHO	� World Health Organization classification of 

tumors of the central nervous system

GBM	� Glioblastoma
ICU	� Intensive care unit
mRS	� Modified Rankin Scale
SD	� Standard deviation

Introduction

The concept of classifying cerebral tumor entities has 
substantially changed since the previous World Health 
Organization Classification of Tumors of the Central Nerv-
ous System (CNS WHO) of 2007, which had been based 
on morphological aspects [1]. Advances in understanding 
molecular alterations and the availability of effective and 
appropriate methods for their detection have led to a revision 
of classification of brain tumors [2]. The 2016 CNS WHO 
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incorporates molecular features and propagates the concept 
of a ‘layered diagnosis’ [1]. Information about both mor-
phological and molecular features is considered the highest 
diagnostic level.

Biopsy of intracranial lesions is essential to guide further 
treatment if resection is not considered feasible in the first 
instance. Different frameless stereotactic biopsy techniques 
have been established over recent years and were reported 
to provide a satisfactory diagnostic yield with low compli-
cation rate [3–6], including Brainlab® Varioguide system 
(Brainlab AG, Munich, Germany)—a neuronavigation-based 
technique [7–9]. Notably, all these studies were based on 
previous CNS WHO. With the 2016 CNS WHO, the impor-
tant role of molecular parameters in addition to histology 
may put additional demands on quality and quantity of tissue 
samples. Whether samples of frameless stereotactic biopsy 
procedures suffice the relevant diagnostic criteria of the 2016 
CNS WHO has not been investigated yet. Moreover, no dem-
onstration of the molecular profile of a biopsy-only cohort 
has been demonstrated so far.

The aim of this study was to evaluate the role of frameless 
stereotactic biopsy procedures in the context of 2016 CNS 
WHO with particular focus on molecular diagnostic yield. A 
biopsied glioma cohort is described with molecular features 
and impact of the new CNS WHO is presented.

Methods

Patients

The study was reported to the local ethics committee (WF-
69/17) and was performed in accordance with international 
ethical standards. Patient consent was not required due to 
prospectively anonymized patient data.

A consecutive series of 180 frameless stereotactic biopsy 
procedures at our university medical center from January 
2011 to October 2017 was reviewed and cases with sus-
pected or verified glioma were identified (Fig. 1). Patients 
with a histologically verified lymphoma or metastasis were 
excluded from this study.

Generally, the treatment strategy for intracranial lesions is 
discussed in case conferences at our institution. The decision 
of biopsy in preference to resection was based on general 
health condition, extension of the lesion, or atypical imag-
ing presentation. Frame-based stereotactic biopsies instead 
of frameless procedures were performed in infratentorial or 
very small (maximal diameter of approximately < 5 mm) 
eloquent lesions and are not considered in this study.

Basic demographic data, modified Rankin Scale (mRS) 
on admission, procedure duration, recommended onco-
logical concept and major complications (predefined as 

procedure-related death or clinically relevant hemorrhage 
or ischemia) were collected for all patients.

Surgical procedure

All frameless stereotactic biopsies were performed with 
the Brainlab® Varioguide system (Brainlab AG, Munich, 
Germany) [7]. Neuronavigation was based on a preopera-
tive MRI or CT scan if MRI was contraindicated. A trajec-
tory was planned in advance using iPlan®-Net. All surgical 
procedures were performed under general anesthesia. The 
head was 3-point fixed in a Mayfield clamp. The surface 
was registered until a sufficient accuracy was achieved. After 
neuronavigational guided skin incision and trepanation, the 
stereotactic arm was adjusted with satisfactorily accuracy 
(deviation < 1 mm according to software) and multiple sam-
ples were taken mostly at different depths along the trajec-
tory. Frozen section consultation was subject to surgeon’s 
judgment.

Neuropathological diagnosis

Neuropathological samples were initially processed accord-
ing to institutional standards and have retrospectively been 
reassessed to fulfil 2016 CNS WHO standards [2]. This 
included immunohistochemistry for p.R132H mutant iso-
form of isocitrate-dehydrogenase-1 (IDH1) for all glioma 
samples on an automated Ventana HX IHC system (Ventana-
Roche Medical systems, Tucson, AZ, USA) following the 
manufacturer´s instructions. As an antibody, clone H09 with 
a concentration of 1:20 was used (DIA-H09, Dianova, Ham-
burg, Germany). If negative, sequencing for IDH1 codon 
132 and IDH2 codon 172 gene mutations was performed 
in all grade II or III tumors or all grade IV tumors with 
age less than 60 years. For this, DNA was isolated from 
paraffin-embedded tumor material, followed by a polymer-
ase chain reaction (PCR) to amplify IDH1 exon 4 containing 
the p.R132 hotspot and IDH2 exon 4 containing the p.R172 
hotspot and subsequent Sanger sequencing reactions to iden-
tify single nucleotide mutations. 1p/19q codeletion status 
was performed for samples with oligodendroglial morphol-
ogy by dual-color florescence in situ hybridization (FISH) 
on paraffin-embedded tumor material using fluorochrome-
labelled probes (1p36/1q25 and 19q13/19p13; VysisLSI, 
Abbott Park, Illinois, USA). The methylation status of the 
promotor for the gene for O-6-methylguanine-DNA methyl-
transferase (MGMT) was assessed by methylation-specific 
PCR, using primers that include the potentially methylated 
cytosine residues, thus resulting in methylation-sensitive 
amplification followed by electrophoretic analysis of the 
resulting PCR product.
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Statistical analysis

For analysis purposes, quality of neuropathological diagno-
ses was rated according to the predefined following grades. 
An integrated diagnosis consisting of both phenotypic and 
genotypic parameters was considered as the highest level of 
diagnostic yield (Grade A). A histological description with-
out definite WHO grade or insufficient molecular informa-
tion (not otherwise specified, NOS) was grouped as Grade B. 
A non-diagnostic biopsy without clear proof of tumor tissue 
was rated as Grade C.

Univariate analyses were performed to test the influence 
of patient and procedural variables on diagnostic yield. 

These included age, sex, mRS on admission, preoperative 
steroid application within 14 days, burr hole position, side, 
procedure duration, trajectory length, maximal tumor diam-
eter, contrast enhancement, preoperative imaging modality 
(MRI vs CT), frozen section consultation and number of 
collected samples.

Analysis was performed using IBM® SPSS® Statis-
tics Version 24.0 (IBM Corporation, Armonk, NY, USA). 
Depending on the scale of measurements and under consid-
eration of distribution of values, statistical tests included 
Pearson Chi-Square test, Fisher’s Exact Test and inde-
pendent samples T-Test. A level of statistical significance 
of p < .05 was applied. Missing values were considered to 

Fig. 1   Selection process of the study cohort. The flow chart describes the institutional concept for newly diagnosed intra-axial lesions and the 
selection criteria of the study cohort
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be missing at random and were discarded from analysis. 
Descriptive data were presented as mean ± standard devia-
tion (SD) unless otherwise specified.

Results

Patient characteristics

One hundred nineteen glioma patients who underwent 
frameless stereotactic biopsy procedures from January 2011 
to October 2017 were identified (Fig. 1). Fifty-five patients 
were female (46.2%). Mean age was 66.6 ± 13.0 years. Mean 
procedure duration was 74 ± 24 min. Major complications 

were intracranial hemorrhage in two cases resulting in 
worsening of neurological deficits and leading to a severe 
pneumonia in one during ICU stay. This patient deceased 
under best supportive care. Minor complications included 
mild and/or transient motor deficits without a correlating 
new pathology on CT scans in seven cases. Moreover, vis-
ual disturbances were present in two cases, a seizure in one 
case, brief reactive psychosis possibly related to anesthesia 
in one case and transient disturbances of consciousness due 
to cerebral edema in two cases. Table 1 provides an overview 
about demographic and clinical data.

Diagnostic yield

Grade A—a complete integrated diagnosis according to 
2016 CNS WHO including grading and respective molecu-
lar information—was achieved in 110 cases (92.4%). Grade 
B, a histological description without definite classification 
of entity and WHO grade, was present in four cases (3.4%). 
In all these cases, an IDH status was available. Five patients 
(4.2%) had a non-diagnostic histology equaling Grade C. 
Consequently, analysis of IDH status could be performed in 
95.8% and resulted in a cumulative mutation rate of 9.6%. 
Table 2 provides an overview about Grade B and C cases 
and further management. Two illustrative cases are depicted 
in Figs. 2 and 3.

Intraoperative neuropathological examination

A frozen section was sent in 61 (51.3%) cases. It showed 
pathological changes in 46 cases (75.4%). Overall, diagno-
sis of the frozen section was congruent to final diagnosis in 
48 cases (78.7%). Incongruent results were false negative 
frozen sections in 12 cases (19.7%). Moreover, in one case, 

Table 1   Demographic and clinical description of the study cohort

mRS modified Rankin scale, SD standard deviation, ICU intensive 
care unit

Age (years) Mean ± SD 66.6 ± 13.0
Sex Male 64 (53.8%)
mRS on admission 0 10 (8.4%)

1 38 (31.9%)
2 44 (37.0%)
3 20 (16.8%)
4 6 (5.0%)
5 1 (0.8%)

Procedure duration (min) Mean ± SD 74 ± 24
Mortality related to procedure 1 (0.8%)
Major complications 2 (1.7%)
Initial neuroonological concept 

after diagnostic biopsy (Grade 
A)

Resection 3 (2.7%)
Chemo/radiotherapy 94 (85.5%)
Best supportive care 11 (10.0%)
Not applicable 2 (1.8%)

Table 2   Description of cases with Grade B and C histology and subsequent management

AA anaplastic astrocytoma, GBM glioblastoma multiforme, mut mutated, n/a not applicable, wt wildtype

Grade Histological description Molecular specifications Further management Result of a second surgery

B Malignant glial neoplasm, most 
likely AA, WHO III

IDHmut Resection GBM, WHO IV

B Pleomorphic xanthoastrocytoma vs 
giant cell GBM

IDHwt (sequenced) Resection Giant cell GBM, WHO IV, IDHwt

B Malignant glial neoplasm, most 
likely GBM

IDHwt Temozolomide (MGMT methyl-
ated)

n/a

B Malignant glial neoplasm, most 
likely GBM

IDHwt Best supportive Care n/a

C Necrosis n/a Frame-based stereotactic Biopsy GBM, WHO IV, IDHwt
C Necrosis n/a Recommendation for open Biopsy, 

patient non-compliant
n/a

C Necrosis n/a Best supportive care n/a
C Reactive gliosis n/a Open biopsy AA, WHO III, IDHwt
C No pathological changes n/a Resection GBM, WHO IV, IDHwt
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frozen section diagnosis was most likely lymphoma and 
final diagnosis was glioblastoma. Negative frozen sections 
with a congruent non-diagnostic final biopsy result (‘true 
negative’) were present in three cases (4.9%). This results 
in a negative predictive value of 0.2. There were no false 
positive frozen sections. Procedures during which a frozen 
section was obtained were significantly longer (82 ± 26 vs. 
65 ± 18 min; p < .001).

2016 CNS WHO diagnoses and molecular 
specifications

Among Grade A cases, the most common diagnosis was 
IDH-wildtype glioblastoma (66.4%). Second leading 

diagnosis was IDH-wildtype anaplastic astrocytoma (21.8%). 
IDH-mutation rate was 40.0%, 4.0% and 3.9% among WHO 
II, III and IV astrocytomas, respectively. IDH sequencing in 
accordance to 2016 CNS WHO recommendations revealed 
no new IDH mutations in previous R132H IDH1 negative 
cases. In one case, reprocessing with IDH-sequencing was 
not possible due to an insufficient amount of tissue. MGMT 
was successfully determined in 97 of 98 cases with an over-
all methylation rate of 68%. Table 3 provides more detailed 
information about Grade A diagnoses.

There were alterations in entity in 3.6% of Grade A cases 
when applying the 2016 CNS WHO instead of the 2007 CNS 
WHO. An initial anaplastic oligoastrocytoma was revised 
to an anaplastic oligodendroglioma, WHO III, IDH-mutant 

Fig. 2   Illustrative case with a Grade B diagnosis. MRI images 
(T1-weighted sequences with contrast agent) of a patient with a large 
right peritrigonal lesion (a) are shown. Biopsy was indicated due to 
the atypical imaging presentation compatible with lymphoma. b dem-
onstrates the trajectory of a frameless stereotactic biopsy. A total of 
seven samples was collected at two different depths starting with the 

deepest location. The obtained samples were neuropathologically 
assessed as a malignant glial neoplasm, most likely an anaplastic 
astrocytoma. Consequently, resection of the glioma was discussed 
with the patient and performed afterwards. c, d depict the postopera-
tive status. Histological examination of the resected tissue showed a 
glioblastoma multiforme, WHO IV
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Fig. 3   Illustrative case with a Grade C diagnosis. MRI images 
(T1-weighted sequences with contrast agent) of a case with a non-
diagnostic biopsy are demonstrated. a, b show the planned trajectory 
of an initial frameless stereotactic biopsy of a left thalamic lesion. A 
total of six samples was taken at two different depths starting in the 
contrast-enhancing zone. Even though the hypointense biopsied areal 

can be seen within the anterior part of the lesion in the postopera-
tive imaging (c, d), histological examination only yielded necrosis. e, 
f demonstrate the trajectory of a subsequent frame-based stereotactic 
biopsy with a deeper target point. Samples obtained with the second 
procedure revealed a glioblastoma multiforme, WHO IV, IDHwt
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and 1p/19q-codeleted. In another case of oligoastrocytoma, 
testing for 1p/19q was inconclusive. Immunohistochemistry 
for ATRX showed retention, so the diagnosis of oligoden-
droglioma, WHO II, IDH-mutant, ATRX-wildtype, 1p/19q-
NOS was given. Two diagnoses of gliomatosis cerebri 
were revised to diffuse astrocytomas with gliomatosis cer-
ebri growth pattern. Figure 4 summarizes diagnoses given 
according to CNS WHO 2007 and 2016.

Influence of procedural variables on diagnostic yield

Influence of each of age, side, length of trajectory, tumor 
size, frozen section, imaging modality, contrast enhance-
ment, burr hole position and procedure length on diagnostic 
yield was investigated using univariate analysis and was not 
significant (Table 4). Consequently, a multivariate analysis 
was not deemed useful.

Discussion

Frame-based stereotactic biopsies have been established 
as a reliable and safe method to obtain tissue samples of 
intracranial lesions [10]. Later on, frameless methods were 
introduced and several studies revealed comparable results 
between frame-based and image-guided frameless proce-
dures regarding diagnostic yield and complication rate 
[11–15]. Nowadays, most frequently applied systems are 
the Stealth neuronavigation station™ or Stealth Treon™ 
(Medtronic Inc., Minneapolis, MN, USA) [12] and the 
Brainlab® Varioguide system (Brainlab AG, Munich, 
Germany) [7–9, 16], which was applied in the present 
study. Diagnostic yield of frameless image-guided biop-
sies has been reported to range between 87.0 and 100% 
for several techniques [3, 6, 7, 9, 12, 14–30]. A systematic 

Table 3   Overview about all cases with a complete diagnosis (Grade A)

Histology WHO grade IDH MGMT

Mutation Wildtype Methylated Non-methylated Not possible

Glioblastoma IV 76 (69.1%) 3 (3.9%) 73 (96.1%) 46 (68.7%) 20 (29.9%) 1 (1.5%)
Anaplastic astrocytoma III 25 (22.7%) 1 (4.0%) 24 (96.0%) 16 (72.7%) 6 (27.3%)
Diffuse astrocytoma II 5 (4.5%) 2 (40.0%) 3 (60.0%) 0 (0.0%) 3 (100.0%)
Oligodendroglioma III 2 (1.8%) 2 (100.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

II 2 (1.8%) 2 (100.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

Fig. 4   Distribution of 2007 and 2016 CNS WHO diagnoses. The pie 
charts show the distribution of diagnoses according to 2007 and 2016 
CNS WHO. All Grade A diagnoses are included (n = 110). Abbrevia-
tions: AA anaplastic astrocytoma, AO anaplastic oligodendroglioma, 

AOA anaplastic oligoastrocytoma, DA diffuse astrocytoma, GBM 
glioblastoma, GC gliomatosis cerebri, mut IDH-mutant, O oligoden-
droglioma, OA oligoastrocytoma, wt IDH-wildtype
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literature review of Khatab et al. revealed a diagnostic 
yield of 93.8% based on 1628 procedures [31]. Since 
diagnostic yield has mostly not been defined, the authors 
proposed a definition which was applied on 235 biopsies 
[31]. The rate of a conclusive biopsy including type and 
grade according to 2007 CNS WHO was 72.8% and thus 
considerably lower than previously reported. Possibly, 
inconclusive biopsies with either an uncertain tumor type 
or grade might have been rated as fully diagnostic results 
in previous studies.

With the 2016 CNS WHO, requirements put on diag-
nostical information have become more demanding with a 
special focus on molecular specifications [2]. Ensuing from 
the previous diagnostic yield definition of Khatab et al. [31], 
an advanced definition involving basic molecular specifica-
tions to meet this development was proposed in this study. 
In the presented biopsied glioma cohort, diagnostic yield 
was 92.4%. This corresponds well to the aforementioned 
cumulative rate in the literature [31]. Likewise, studies also 

applying the Varioguide system presented similar results of 
diagnostic yield with 93% [9], 93.8% [7] and 93% [16]. A 
higher diagnostic yield than reported by Khatab et al. may 
be due to different baseline characteristics and particularly 
the exclusion of non-gliomas in the presented study [31]. 
Moreover, exclusion of cases with infratentorial or excep-
tional small lesions which have been biopsied with frame-
based technique may create an additional bias. Interestingly, 
molecular processing seemed not to be a limiting factor in 
any case. Even in samples with inconclusive diagnoses rated 
as Grade B, information about IDH status was available 
including one detected mutation.

Univariate analysis identified no statistically significant 
procedural factors with impact on diagnostic yield in this 
frameless biopsy cohort. The main difference was a 16 min 
shorter procedure duration in the non-diagnostic group in 
contrast to previously reported significantly longer operat-
ing time in non-diagnostic procedures [3]. Other factors that 
were reported to be associated with non-diagnostic biopsies 

Table 4   Overview about 
potential influencing factors on 
diagnostic yield

IQR interquartile range, MRI magnetic resonance imaging, SD standard deviation

Age (years) Mean ± SD Grade A 66.6 ± 12.9 p = .86
Grade B or C 65.8 ± 15.0

Sex Female Grade A 52 (47.3%) p = .42
Grade B or C 3 (33.3%)

mRS on admission Median (IQR) Grade A 2 (1–2) p = .83
Grade B or C 1 (1–2.5)

Steroids (within 14 days) Present Grade A 28 (26.9%) p = .68
Grade B or C 3 (33.3%)

Trajectory length (mm) Mean ± SD Grade A 44.9 ± 14.1 p = .66
Grade B or C 42.8 ± 10.5

Maximal tumor diameter (mm) Mean ± SD Grade A 41.3 ± 14.6 p = .36
Grade B or C 46.0 ± 14.8

Number of samples Mean ± SD Grade A 7.9 ± 2.5 p = .29
Grade B or C 7.0 ± 1.4

Frozen section Present Grade A 56 (50.9%) p = .53
Grade B or C 5 (55.6%)

Imaging modality MRI Grade A 105 (95.5%) p = .67
Grade B or C 9 (100%)

Contrast enhancement Present Grade A 100 (91.7%) p = .56
Grade B or C 8 (88.9%)

Burr hole position Frontal Grade A 63 (55.6%) p = .65
Grade B or C 5 (58.9%)

Occipital Grade A 23 (21.5%)
Grade B or C 3 (33.3%)

Temporal Grade A 21 (19.6%)
Grade B or C 1 (11.1%)

Side Right Grade A 67 (60.9%) p = .48
Grade B or C 4 (44.4%)

Procedure duration (min) Mean ± SD Grade A 75 ± 24 p = .06
Grade B or C 59 ± 20
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in previous studies include younger age, number of biopsies 
and infratentorial lesions [12, 31, 32]. Furthermore, intraop-
erative frozen-section histology has been associated with an 
increased number of diagnostic biopsy results [3, 10]. We 
were not able to confirm these findings in our study. The 
beneficial role of intraoperative neuropathological examina-
tion has already been doubted by Shooman et al. [29]. The 
poor negative predictive value of frozen sections in our ret-
rospective analysis further challenges their routine necessity 
in frameless image-guided biopsies. An additional influenc-
ing factor not considered in this study may be the individual 
expertise of the neuropathologist.

The procedure related mortality was 0.8% in our study 
and consistent with the reported rate in the literature of 
0.8–1.4% [6, 11, 14, 15, 31]. The rate of symptomatic hem-
orrhages was 1.7% in our cohort and has been previously 
described as 1–6% [5–7, 12, 20, 22, 30]. The majority of 
patients with a diagnostic biopsy were recommended for fur-
ther therapy. Only in 10%, best supportive care was decided. 
From our understanding, this high rate of therapy initiation 
emphasizes the importance of neuropathological confirma-
tion of glial neoplasms particularly in times of advancing 
knowledge about molecular prognostic and therapy-influ-
encing factors [33]. This is in line to a study of Kim et al. 
demonstrating that stereotactic biopsy led to a change in 
preoperative presumed diagnosis in 49% and treatment strat-
egy in 27% of cases [10]. Further management of Grade B 
and C biopsies was best supportive care in 22.2%. A rec-
ommendation for a second surgical procedure was given in 
66.7% including resection and open or frame-based biopsy. 
This was conducted in six patients and led to a diagnostic 
result in all cases.

Entities were revised in four cases (3.4%) after applica-
tion of the 2016 CNS WHO. This affected two oligoastro-
cytomas which were revised to oligodendrogliomas. The 
diagnosis of oligoastrocytoma is strongly discouraged in 
2016 CNS WHO since almost every tumor in question can 
be classified either as an astrocytoma or oligodendroglioma 
based on molecular genetic testing like ATRX or 1p/19q 
[2, 34]. Moreover, since the diagnosis was removed from 
2016 CNS WHO, two cases of previous gliomatosis cerebri 
were changed to diffuse astrocytomas with noting their spe-
cial pattern of spread [2]. Large-scale molecular profiling 
showed that gliomatosis cerebri seems to be a heterogene-
ous group of diffuse gliomas rather than a distinct glioma 
entity [35].

In our biopsy cohort, pathologies with unfavorable prog-
nosis and molecular specifications seemed to be more com-
mon than in general glioma cohorts which have been previ-
ously reclassified [36, 37]. IDH-wildtype glioblastoma was 
the most frequent diagnosis with 66.4% followed by IDH-
wildtype anaplastic astrocytoma with 21.8%. In historical 
glioma cohorts, IDH-wildtype glioblastoma was also the 

most common diagnosis but with a lower rate (27.0–33.1%) 
and followed by oligodendroglial entities [36, 37]. In con-
trast, oligodendroglial entities made up only 3.6% of the cur-
rent study cohort. Moreover, we found a considerably higher 
IDH-wildtype rate of 60% and 96% in astrocytomas grade 
II and III, respectively, than it would have been expected 
from previous studies [38, 39]. This is of particular rele-
vance since a major portion of IDH-wildtype astrocytomas 
have been shown to exhibit molecular profiles equivalent of 
glioblastoma (GBM) and such a diagnosis should be given 
cautiously [40]. The pivotal prognostic role of IDH in WHO 
II/III astrocytomas and importance of profiling has already 
been underlined [39, 41]. Since the prognosis in lower-grade 
astrocytomas seems to be more influenced by IDH status 
than WHO grade, the importance of a reliable molecular 
analysis in biopsy samples is emphasized [42].

The deviation in IDH distribution and dominance of more 
malignant entities between our cohort and the literature is 
notable and not explainable with certainty. Possibly, the 
variation might be due to the preselected biopsy cohort in 
the presented study and resulting differences in underlying 
patient characteristics including age. Generally, patients with 
intra-axial lesions more often receive resection without pre-
vious biopsy at our institution. The fact that patients in this 
study were primarily allocated to biopsy and not resection 
is at least partially attributed to a spatially more widespread 
and potentially also tumor-biologically more malignant dis-
ease. This more aggressive state might also be reflected by 
a higher rate of IDH-wildtype. However, another explana-
tion would be that sensitivity to detect IDH mutations is 
lower for stereotactically sampled tissue. This might be due 
to more marginal tumor sampling or lower quantity of repre-
sentative material being available for histopathological pro-
cessing. Possibly, the number of vital tumor cells in already 
cell depleted diffuse gliomas is insufficient in small biopsy 
samples. Alternatively, biopsy tissue might not have been 
taken from histomorphologically representative tumor areas 
leading to underestimation of WHO grading while a correct 
molecular status was present. This potential risk of underdi-
agnosis due to sampling error might have been present in the 
few diagnoses of IDH-wildtype diffuse astrocytoma in this 
cohort and should generally be considered when interpreting 
stereotactically obtained samples.

MGMT methylation status has been identified as an 
independent prognostic factor and associated with a benefit 
from temozolomide [43]. In opposition to IDH status, it has 
not been described as part of the tumor terminology but as 
additional molecular feature in the 2016 CNS WHO [1]. 
Therefore, it has not been counted as determining factor for 
a complete diagnosis in the rating of diagnostic yield. It was 
tested in 98 samples (95 Grade A samples, 3 Grade B sam-
ples) with only one documented case of unsuccessful analy-
sis. Notably, with 68.7% we observed a higher frequency of 
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MGMT methylation in GBM patients than described in the 
literature [44].

The presented series is limited with regards to case num-
ber in comparison to the discussed large-scale studies. To 
ensure generalizability and confirmation of the presented 
findings, further case analyses of biopsied glioma patients 
appear to be useful.

Conclusion

A formally complete diagnosis according to 2016 CNS 
WHO was achieved in the majority of cases in the demon-
strated series. Frameless stereotactic biopsy with the Vari-
oguide system was confirmed to be a safe and reliable pro-
cedure. However, inaccurate or non-representative diagnoses 
in individual cases cannot be precluded. Moreover, a pos-
sible sampling error should be considered when interpreting 
stereotactically obtained tissue. Changes in entity according 
to the new classification applied only to few cases including 
oligoastrocytoma and gliomatosis cerebri. Distribution of 
entities and molecular profile differed from historical glioma 
populations favoring more malignant diagnoses, potentially 
reflecting the preselected nature of the cohort with regard to 
clinical and imaging characteristics.

In summary, frameless stereotactic biopsy seems to 
remain a useful diagnostic tool in contemporary neuro-
oncology. Certain potential limitations should be considered 
in clinical practice.
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