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Jacek Furtak 1,2,*, Paulina Śledzińska 3 , Marek G. Bebyn 4 , Tadeusz Szylberg 5, Stanisław Krajewski 1,6,
Marcin Birski 1 and Marek Harat 1,7

����������
�������

Citation: Furtak, J.; Śledzińska, P.;
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5 Department of Pathomorphology, 10th Military Research Hospital, 85-681 Bydgoszcz, Poland;

szylberg@10wsk.mil.pl
6 Department of Physiotherapy, University of Bydgoszcz, 85-059 Bydgoszcz, Poland
7 Department of Neurosurgery and Neurology, Collegium Medicum in Bydgoszcz,

Nicolaus Copernicus University, 87-100 Toruń, Poland
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Abstract: Stereotactic biopsy of posterior fossa lesions is often regarded as hazardous due to the
critical structures in that area. Therefore, the aim of the study was to evaluate the diagnostic accuracy
and safety of infratentorial stereotactic biopsy of brainstem or cerebellar lesions and its associations
with other clinical, laboratory, and radiological parameters. From January 2000 to May 2021, 190 in-
fratentorial stereotactic biopsies of posterior fossa tumors, including 108 biopsies of brainstem lesions,
were performed. Moreover, 63 supratentorial biopsies of cerebral peduncle lesions were analyzed
to compare the safety and efficacy of both approaches. Additionally, the presence of antibodies
against Toxoplasma gondii and Epstein–Barr Virus (EBV) were documented in 67 and 66 patients,
respectively, and magnetic resonance imaging (MRI) scans were evaluated in 114 patients. Only 4%
of patients had minor complications and 1.5% had major complications, including one patient who
died from intracranial bleeding. Nine (4.7%) biopsies were non-diagnostic. Isocitrate dehydrogenase
1 (IDH1) mutation, 1p/19q codeletion, and O6-methylguanine-DNA methyltransferase (MGMT)
promoter methylation status were assessed in 29 patients, and were non-diagnostic in only 3 (10.3%)
cases. Patients with high-grade gliomas (HGG) were more frequently seropositive for T. gondii than
individuals with low-grade gliomas (LGG; p < 0.001). A total of 27% of HGG and 41% of LGG
were non-enhancing on MRI. The infratentorial approach is generally safe and reliable for biopsy of
brainstem and cerebellar lesions. In our study, the safety and efficacy of supratentorial biopsy of the
cerebral peduncle and infratentorial biopsy of lesions below the cerebral peduncle were comparably
high. Moreover, patients with HGG were more frequently seropositive for T. gondii than patients with
LGG, and the relationship between toxoplasmosis and gliomagenesis requires further investigation.

Keywords: brainstem tumors; infratentorial approach; molecular analyses; procedural complications;
stereotactic biopsy; Toxoplasma gondii

1. Introduction

The biopsy of posterior fossa and brainstem tumors is often perceived as challenging.
However, a significant number of brain tumors arise in this region and need a biopsy to
guide clinical management [1,2]. A biopsy is indicated when surgical resection is not safely
feasible e.g., due to tumor location or the patient’s compromised clinical status [3]. The main
advantage of stereotactic biopsy is its low invasiveness and the ability to plan the biopsy
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trajectory to sample all relevant tumor sites, including the tumor infiltrating zone, contrast-
enhancing locations, and radiographically suspected necrotic areas. Stereotactic biopsy’s
goal is to gather reliable histological material in the most advantageous, quickest, and
safest manner possible. Open surgery provides large amounts of tissue for diagnosis, but
with a more random sampling technique and a higher risk of perioperative morbidity [4].
While several neuroimaging methods are now used in clinical practice, glioma classification
and grading by magnetic resonance imaging (MRI) is <35% accurate [2]. Moreover, the fifth
edition of the WHO Classification of Tumors of the Central Nervous System (WHO CNS5)
2021 places significant emphasis on molecular diagnostics for accurate classification [5], so
tissue samples are required for state-of-the-art glioma stratification [6–9].

Currently, material from CNS lesions can be obtained by stereotactic biopsy or biopsy
with neuronavigation; open biopsy, especially of deep-seated structures, is now out-
dated [10–12]. Stereotactic biopsies of brainstem lesions can be performed in several
different ways, depending on the lesion’s location. Brainstem tumors located within the
cerebral peduncles are accessed supratentorially, while tumors located below the peduncles
should be accessed only infratentorially [13–15] (see Figure 1).

Figure 1. Scheme of the approaches of stereotactic biopsy. (A) The biopsy trajectory of the tumor
located around the cerebral peduncles (supratentorial approach). (B) The biopsy trajectory of the
brainstem tumors below the level of the peduncles (infratentorial approach).

However, there is only limited published data on clinical success rates and the di-
agnostic accuracy of infratentorial biopsy, despite the importance of this information to
guide clinical practice. Therefore, we leveraged a large patient sample to study clinical and
diagnostic outcomes of infratentorial biopsy and associations with other laboratory and
radiological parameters.

2. Materials and Methods

One-hundred and ninety stereotactic infratentorial biopsies of brainstem and cerebellar
malignancies were performed between January 2000 and May 2021 at the Neurosurgery
Department, 10 Military Research Hospital in Bydgoszcz, Poland, accounting for 6.8% of
all (2804 cases) stereotactic biopsies conducted at the hospital. The Ethics Committee of the
Nicolaus Copernicus University, Collegium Medicum in Bydgoszcz, Poland approved the
study protocol (KB 389/2021). Patient consent was not required because the study was a
retrospective analysis of medical records.

Biopsy was performed on patients who could not safely undergo microsurgical exci-
sion due to the tumor’s location or the patient’s clinical condition. A frame-based method
was used for the infratentorial approach (Figure 2). Biopsy was performed under local
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anesthesia, in a semi-sitting position, supported by MRI/CT fusion images and using
the stereotactic system and software provided by Brainlab AG (Feldkirchen, Germany)
(Figure 2A,B). From November 2011, the Leiblinger system by Inomed (Emmendingen, Ger-
many) was used. Suboccipital burr holes were made using a high-speed drill (Figure 2C,D).
The contrast-enhanced part of the lesion, or its center in cases of non-enhancing patholo-
gies, was selected for tissue sampling. Tissue (usually between four and eight samples)
was obtained using biopsy forceps. In many cases, a preliminary pathomorphological
evaluation was conducted by a neuropathologist in the operating theater based on intraop-
erative methylene blue staining to ensure that the acquired material was representative of
the lesion and to make an intraoperative diagnosis. Thereafter, tissue sections were sub-
jected to detailed histopathological and molecular neuropathological examination based
on CNS5 WHO 2021 criteria. All patients had a routine preoperative MRI and underwent a
postoperative computed tomography (CT) scan for postoperative evaluation, irrespective
of the clinical condition.

Figure 2. (A) T1-weighted image of a tumor located in the pons, cerebellar peduncle, and cerebellar hemisphere. (B) Fluid
attenuated inversion recovery magnetic resonance imaging (FLAIR MRI) of a tumor located in the pons, cerebellar peduncle,
and cerebellar hemisphere. (C) Patient with a stereotactic frame. (D) Suboccipital burr holes made using a high-speed drill.

We performed a retrospective analysis of anonymized medical records. Age, gender,
Karnofsky performance status (KPS), tumor location and features, histological diagnosis,
complications, symptoms described by patients before biopsy, and blood levels of antibod-
ies against Toxoplasma gondii and Epstein–Barr Virus (EBV) were tabulated and analyzed.
In addition, where available, contrast-enhanced head MRIs were reviewed to see if the
lesion was enhancing. Stereotactic biopsy samples obtained from 2015 were subjected to
molecular testing including determination of isocitrate dehydrogenase (IDH1) mutation,
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1p/19q codeletion, and O6-methylguanine-DNA methyltransferase (MGMT) promoter
methylation status.

Additionally, we conducted a retrospective analysis of medical records of patients
who had undergone supratentorial biopsy of cerebral peduncle lesions between January
2000 and May 2021 at the Neurosurgery Department, 10 Military Research Hospital in
Bydgoszcz, Poland. The evaluation was performed to compare the efficacy and safety of
supratentorial biopsy of tumors located within the cerebral peduncles and infratentorial
biopsy of brainstem lesions located below cerebral peduncles.

The Shapiro–Wilk test was performed to test the normality of data. The Mann–Whitney
and chi-squared tests were used to determine statistically significant differences between
two groups of independent variables, depending on whether the data were continuous or
categorical, respectively. The findings were measured using 95% confidence intervals (95%
CI), and a p-value of 0.05 was considered statistically significant.

3. Results

Biopsies were performed in 96 women and 94 men aged between 14 and 77 (average
age 41). Of 190 frame-based biopsies, only 9 (4.7%) were non-diagnostic. The most
common diagnoses were astrocytoma grade 2 (35.8%) and astrocytoma grade 3 (19.5%).
Almost 95% of infratentorial biopsies were without complications; 4% had minor and
1.5% had major complications, including one patient who died from intracranial bleeding
(Table 1). Patients with and without complications related to a brainstem biopsy showed
no significant differences in age, gender, diagnosis, location, or surgical approach.

Table 1. Descriptive statistics of the performed biopsies.

N %

Gender 190 100.00%
Female 96 50.50%
Male 94 49.50%

Age (years), mean ± SD 41 16
KPS, mean ± SD 84 14
Diagnosis 190 100%

Astrocytoma grade 2 68 35.80%
Astrocytoma grade 3 37 19.50%
Lymphoma 17 8.90%
Glioblastoma 15 7.90%
Non-neoplastic lesion 14 7.40%
Metastatic tumor 10 5.30%
Non-diagnostic biopsy 8 4.20%
NA 5 2.60%
Ependymoma 4 2.10%
Pilocytic astrocytoma 4 2.10%
Posterior fossa ependymoma grade 3 3 1.60%
Oligodendroglioma grade 3 2 1.10%
Medulloblastoma 2 1.10%
Meningioma grade 1 1 0.50%

Side 117 100%
Left 55 47.00%
Right 50 42.70%
Both 12 10.30%

Approach 145 100%
Left 76 52.40%
Right 69 47.60%

Symptoms 118 100.00%
Blurred vision 49 41.50%
Balance disorders 45 38.10%
Paresthesia 37 31.30%
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Table 1. Cont.

N %

Vertigo 33 27.90%
Paresis 25 21.20%
Speech disorders 21 17.80%
Headache 14 11.80%
Epilepsy 9 7.60%
Dysphagia 7 5.90%

Multifocal tumors 15 100%
Lymphoma 6 40%
Astrocytoma grade 2 3 20%
Astrocytoma grade 3 2 13.30%
Glioblastoma 2 13.30%
Oligodendroglioma grade 3 1 6.70%
Benign lesion 1 6.70%

Complications
Without complications 179 94.50%
Non-significant intracranial bleeding on CT 4 2.00%
Pain during biopsy 2 1.00%
Cerebrospinal fluid leak 1 0.50%
Temporary ataxia 1 0.50%
Worsening of paresis 1 0.50%
CN VII palsy 1 0.50%
Death 1 0.50%

Data are presented as n (%) unless otherwise stated. KPS—Karnofsky Performance Scale. SD—Standard Deviation. NA—not available.
CT—computed tomography. CN VII—Cranial Nerve VII.

The locations of the biopsied tumors are shown in Table 2. The proportions of tumors
arising in the cerebellum, brainstem, and brainstem/cerebellum were approximately equal.
The cerebellar peduncle was the most common location (26 tumors, 13.7%), followed by
the cerebellar hemisphere (25, 13.2%) and pons (22, 11.6%). At most locations, the most
frequent diagnosis was astrocytoma grade 2 and, in the cerebellar peduncle, nearly 10%
of biopsies were non-diagnostic (Figure 3). Fifteen (7.9%) patients had multifocal tumors,
none of which were metastatic, instead the most common diagnosis being lymphoma
(N = 6) (Table 1). A secondary biopsy was conducted in seven individuals, six due to a
previous non-diagnostic biopsy and one due to a suspicion of tumor progression.

Table 2. Prevalence of tumors at various locations *.

Location N %

Brainstem 60 31.70%

Pons 22 11.60%
Brainstem 21 11.10%

Pons + Medulla oblongata 10 5.30%
Midbrain 3 1.60%

Midbrain + Pons 2 1.10%
Medulla oblongata 1 0.50%

Midbrain + Pons + Medulla oblongata 1 0.50%

Cerebellum 62 32.70%

Cerebellar peduncle 26 13.70%
Cerebellar hemisphere 25 13.20%

Cerebellar vermis 8 4.20%
Cerebellar hemisphere + Cerebellar vermis 2 1.10%

Cerebellar peduncle + Cerebellar vermis 1 0.50%
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Table 2. Cont.

Location N %

Brainstem + Cerebellum 46 24.30%

Pons + Cerebellar peduncle 21 11.10%
Pons + Medulla oblongata + Cerebellar peduncle 7 3.70%

Pons + Cerebellar hemisphere 5 2.60%
Pons + Cerebellar peduncle + Cerebellar hemisphere 4 2.10%

Pons + Cerebellar vermis 3 1.60%
Midbrain + Pons + Cerebellar peduncle 2 1.10%

Pons + Cerebellar hemisphere + Cerebellar vermis 2 1.10%
Medulla oblongata + Cerebellar peduncle 1 0.50%

Pons + Cerebellar peduncle + Cerebellar vermis 1 0.50%

Area of 4th ventricle 22 11.60%

Area of 4th ventricle 17 8.90%
Cerebellar vermis + Area of 4th ventricle 3 1.60%

Pons + Medulla oblongata + Area of 4th ventricle 2 1.10%
Note: N = 190; * Not possible to specify more precisely due to lack of data.

Figure 3. The frequency of diagnoses depending on lesion location.

Stereotactic biopsy material was also subjected to molecular testing in 29 patients,
which was non-diagnostic in 3 (10.3%) patients. There were no 1p/19q co-deletions in any
tumor, and most tumors were IDH-wildtype. High grade-gliomas (HGG, WHO grades
3 and 4) were more likely to have MGMT promoter methylation (Table 3), which was
available in six patients: low in one patient, medium in four patients, and high in one
patient. All were diagnosed with HGG.

Table 3. Molecular diagnoses from infratentorial stereotactic biopsies.

IDH1 Mutation MGMT Promoter Methylation Codeletion of 1p19q
Diagnosis Wildtype Mutant Unmethylated Methylated Non-Codeleted Codeleted

Astrocytoma grade 3 10 1 3 7 10 0
Astrocytoma grade 2 8 2 5 5 10 0

Glioblastoma 2 0 0 2 2 0
Pilocytic astrocytoma 1 0 1 0 1 0

Note: IDH1—isocitrate dehydrogenase 1; MGMT—O6-methylguanine-DNA methyltransferase.
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A pathologist was present for 187 out of 190 biopsies. The material obtained during
stereotactic biopsy, examples of intraoperative microscopic smears, and final photomicro-
graphs of hematoxylin and eosin stained sections are presented in Figure 4. Patients with
medulloblastoma or pilocytic astrocytoma had the highest KPS, while those with metastatic
tumors and posterior fossa ependymoma grade 3 had the lowest. There was no significant
relationship between diagnosis and gender (Table S1).

Figure 4. (A) The material obtained during a stereotactic biopsy. (B) Microscopic image of A2, H&E staining, ×200 mag-
nification. (C) Microscopic image of A3, H&E staining, ×100 magnification. (D) Microscopic image of glioblastoma,
H&E staining, ×200 magnification. (E) Microscopic image of diffuse large B-cell lymphoma (DLBCL), H&E staining,
×200 magnification.
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Serum antibodies against EBV were available for analysis in 66 patients and against T.
gondii in 67 patients (Table S2). Antibodies to EBV were found in most patients (86.4%),
regardless of the diagnosis. EBV seropositivity was observed in 92% of lower-grade glioma
(LGG) (WHO grades 1 and 2) patients and 87% of HGG patients.

Serum antibody positivity for T. gondii was more variable (Table S2), but patients with
LGG were more likely to be T. gondii antibody negative, while patients with HGG were
more likely to be seropositive (p < 0.001) (Table 4). There was no statistically significant
association between T. gondii IgG antibody titer and tumor malignancy.

Table 4. The relationship between the WHO grade, serum antibody status, and MRI contrast enhancement.

Grade Pearson Chi-Square Phi Coefficient
LGG HGG Total Value df p Value p

Toxoplasma gondii Negative 20 6 26 14.679 1 <0.001 * 0.565 <0.001
Positive 4 16 20

Total 24 22 46
Epstein–Barr virus Negative 2 3 5 0.402 1 0.526 a −0.94 0.526

Positive 22 18 40
Total 24 21 45

MRI contrast enhancement No 26 10 36 7.844 1 0.005 * 0.313 0.005
Yes 18 26 44

Total 44 36 80

Note: * The chi-square statistic is significant at the 0.05 level. a: More than 20% of cells in this subtable have expected cell counts less than
5. Chi-square results may be invalid. N = 46. LGG—Low grade glioma (WHO grade 1 and 2). HGG—High grade glioma (WHO grade
3 and 4). MRI—magnetic resonance imaging.

One hundred and fourteen contrast-enhanced head MRIs were assessed to establish
whether the lesions were enhancing. There was a statistically significant association
between enhancement and tumor grade: HGG were more often contrast-enhancing than
LGG (Table 4). However, 27% of HGG did not enhance and 41% of LGG enhanced. Patients
with MRI-enhancing tumors were older (median = 46.5, N = 66) than those with non-
enhancing MRI tumors (median = 36, N = 48) (Mann–Whitney test, p = 0.016).

Supratentorial biopsies of cerebral peduncles were performed in 23 women and 40 men
aged between 20 and 78. Only 2 (3.2%) of 63 supratentorial stereotactic biopsies were non-
diagnostic. The most common diagnoses were astrocytoma grade 3 (22.2%), followed by
glioblastoma and lymphoma (17.5% each). Four (6.3%) patients had multifocal tumors, only
one of which was metastatic. Biopsy material obtained through a supratentorial approach
was also subjected to molecular testing in six cases, which was non-diagnostic only in one
patient (see Table S3). About 98% of supratentorial biopsies of cerebral peduncles’ tumors
were without complications. The comparison of infratentorial and supratentorial biopsy is
presented in Table 5.

Table 5. Comparison of safety and efficacy between supratentorial and infratentorial approaches.

Infratentorial Supratentorial
N % N %

Diagnostic material for histopathological evaluation 181/190 95.30% 61/63 96.80%
Complications

Without complications 179 94.50% 62 98.40%
Non-significant intracranial bleeding on CT 4 2.00%
Pain during biopsy 2 1.00% 1 1.60%
Cerebrospinal fluid leak 1 0.50%
Temporary ataxia 1 0.50%
Worsening of paresis 1 0.50%
CN VII palsy 1 0.50%

Diagnostic material for molecular evaluation 26/29 89.70% 5/6 83.30%

CT—computed tomography. CN VII—Cranial Nerve VII.
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4. Discussion

This study is one of the largest to assess patients undergoing infratentorial biopsy
of tumors of the brainstem and cerebellum. Our findings demonstrate that infratentorial
biopsy is over 95% accurate and complication-free in 94.5% of patients. Moreover, the
genetic profile of gliomas may be established with 89% accuracy using biopsy samples. In
our study, the safety and efficacy of supratentorial biopsy of the cerebral peduncle and
infratentorial biopsy of lesions below the cerebral peduncle were comparably high. Based
on the results of our research, we confirm that the cerebral peduncle could serve as a
dividing line between supratentorial and infratentorial approaches to brainstem tumor
biopsy, which is in line with previous research [14]. By choosing the optimal approach,
the trajectory can be shortened and critical structures omitted, which significantly reduces
the risk of complications. Moreover, the high diagnostic yield by stereotactic biopsy
was possible due to close cooperation between neurosurgeon and pathologist during
surgery. So-called “empty” biopsies, taken without the presence of a pathologist and
lacking preliminary intraoperative evaluation, increase the chance of a non-diagnostic
biopsy [16], for example, when an area of necrosis is aspirated to yield a non-diagnostic
biopsy. In our sample, we found that the largest percentage of non-diagnostic biopsies
were from tumors occupying the cerebellar peduncle. This might be because not only
was this the most common location for tumors but also because most needle pathways to
brainstem tumors have passed through the middle cerebellar peduncle.

We detected a statistically significant association between the presence of T. gondii
antibodies and glioma grade: patients with LGG were more likely to be Toxoplasma-
negative and patients with HGG seropositive. To our best knowledge, this is a novel
finding. It is possible that prior or hidden T. gondii infection may result in a more severe
glioma course.

Surgery is generally beneficial only in the case of localized, exophytic, or cervi-
comedullary malignancies. In comparison, diffuse brainstem gliomas are considered
unresectable lesions [17]. Stereotactic biopsy is typically performed when the tumor is
inoperable. However, even if the tumor is operable, the risk of persistent neurological
deficits due to surgery is 20–30% [18,19].

The reported effectiveness of brainstem tumor biopsy ranges from 87% to 100%
[2,11–14,20–23], consistent with our findings, and the risk of complications varies from
0% to 11% [2,8,14,22–24]; our complication rate was ~4%. Tilgner et al. reported an intra-
operative diagnostic accuracy of 90.3% [25], similar to our results. Stereotactic biopsies
for intrinsic brainstem lesions were as safe and effective as biopsy of lesions in the supra-
tentorial compartment [12]. Moreover, we previously reported that the initial histological
findings obtained by stereotactic biopsy were the same as for open surgery [26]. Ramakonar
et al. argued that even if the biopsy material was non-diagnostic in histological evaluations,
molecular testing should be performed, since mutations in IDH1 and TERT may still be
detected [27]. Fritsch et al. associated a high diagnostic yield with the number of systemat-
ically obtained samples per lesion, with an increased number of biopsies not leading to
an increase in complications [28]. The risk of complications can be reduced by irrigating
the site repeatedly with 0.1–0.2 mL saline using a thin plastic tube until the fluid does
not contain bloody fluids to ensure hemostasis [29]. Moreover, it appears reasonable to
discharge patients the same day or within one day of stereotactic biopsy if the postoperative
CT shows no complication [28].

Diagnosis of toxoplasmosis is primarily based on serological tests that detect T. gondii-
specific IgG and IgM antibodies. Although the parasite forms cysts preferentially in the
brain and a variety of brain cells, including astrocytes and neurons, can be infected, the
relationship between T. gondii infection and brain tumors is scarcely described in the
literature [30]. Schuman et al. showed that astrocytoma patients were significantly more
likely than controls to have antibodies to T. gondii [20], and there is some prospective
evidence of an association between T. gondii infection and risk of glioma [31]. Moreover, in
epidemiological studies, T. gondii seropositivity among brain tumor patients (18.3%) was
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significantly (p < 0.05) higher than that of healthy controls (8.6%) [32]. In France, brain
tumor mortality rates were positively associated with Toxoplasma gondii [33]. Conversely, in
an Australian case-control study, Ryan et al. failed to detect an association between antibody
positivity to T. gondii and risk of glioma [34]. Therefore, while there is some evidence of an
epidemiological association between brain tumor and T. gondii seropositivity, this is the
first study to examine T. gondii seroprevalence in patients with specific glioma subtypes.

Recent studies have shown that T. gondii activates the epidermal growth factor receptor
(EGFR) pathway during invasion, which allows T. gondii to survive within host cells by
avoiding autophagy-dependent lysosomal degradation [35,36]. Transgenic mice expressing
a dominant negative EGFR in endothelial cells (to inhibit EGFR signaling) had a diminished
parasite load and histopathological evidence of brain and retina involvement after T. gondii
infection [37]. In WHO CNS5, EGFR gene amplification is a criterion to upgrade IDH-
wildtype diffuse astrocytic tumors in adults to glioblastoma, IDH-wildtype. We are the first
to demonstrate a statistical relationship between seropositivity and higher glioma grade in
our cohort, which might support a mechanistic relationship between T. gondii infection and
more malignant gliomas through EGFR pathway activation.

Multifocal lesions on MRI are frequently diagnosed as metastasis and are an indication
to look for a primary site. However, we found no cases of disseminated disease, and care
should be taken not to assume that every multifocal lesion is definitely a metastasis.
Furthermore, 41% of LGG showed contrast enhancement and almost a third of HGG
did not. Similar to our results, Ginsberg et al. reported that LGG accounted for 60% of
non-enhancing brain neoplasms, but 40% of their non-enhancing lesions were classified
as HGG [38]. Pallud et al. reviewed 927 histologically-proven WHO grade 2 gliomas,
and 84.1% of them were non-enhancing on MRI [39]. While tumor enhancement is a
valuable diagnostic clue it should not be used to distinguish malignant from benign
tumors, since absence of contrast enhancement is neither a sensitive nor a specific sign of
low-grade neoplasms.

Our study has several limitations. This was a retrospective, non-randomized study.
Symptoms were not described in all patients, and serum antibodies against EBV and T.
gondii were only available for investigation in 66 patients and 67 patients, respectively, due
to testing only starting in 2015. The presence of contrast enhancement was not examined
in 75 patients due to a lack of access to MRI exams before 2007 due to technical problems.
Furthermore, we were unable to determine the precise site of tumors in those patients from
imaging and relied only on information from the medical records. Molecular analyses
were similarly only available for a limited number of patients, since this service started in
2016 after the introduction of the previous WHO classification.

Further studies would be helpful to confirm the efficacy of infratentorial biopsies for
acquiring tissue for genetic testing. Despite posterior fossa tumor biopsy appearing to
be safe, there always remains a risk of complications, and each complicated case requires
detailed evaluation. Moreover, a larger group of patients is required to confirm the re-
lationship between the presence of antibodies against T. gondii and an increased risk of
developing HGG. Establishing a causal link between T. gondii infections and tumor grade
would significantly impact the assessment and prevention of brain tumors and provide a
new avenue for novel therapeutic approaches.

5. Conclusions

Our findings show that infratentorial biopsy of brainstem and cerebellar lesions is a
safe and effective way to acquire material for histological and molecular analyses, which
is essential in the era of the CNS5 WHO 2021 classification. Moreover, patients with
HGG were more frequently seropositive for T. gondii than patients with LGG. The results
of our study support a hypothesis that T. gondii is associated with higher glioma grade
through EGFR pathway activation. Lastly, MRI tumor enhancement should not be used to
distinguish malignant from benign tumors.
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