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Abstract

The characteristics of hydrocephalus associated with cerebellar glioblastoma (¢GB) remain poorly known. The objectives were to
describe the occurence of hydrocephalus in a French nationwide series of adult patients with ¢cGB, to identify the characteristics
associated with hydrocephalus and to analyze the outcomes associated with the different surgical strategies, in order to propose
practical guidelines. Consecutive cases of adult ¢cGB patients prospectively recorded into the French Brain Tumor Database
between 2003 and 2017 were screened. Diagnosis was confirmed by a centralized neuropathological review. Among 118 patients
with ¢cGB (mean age 55.9 years), 49 patients (41.5%) presented with pre-operative hydrocephalus. Thirteen patients (11.0%)
developed acute (n=7) or delayed (n=6) hydrocephalus postoperatively. Compared to patients without hydrocephalus at admis-
sion, patients with hydrocephalus were younger (52.0 years vs 58.6 years, p=0.03) and underwent more frequently tumor
resection (93.9% vs 73.9%, p=0.006). A total of 40 cerebrospinal-fluid diversion procedures were performed, including 18
endoscopic third ventriculostomies, 12 ventriculoperitoneal shunts and 10 external ventricular drains. The different
cerebrospinal-fluid diversion options had comparable functional results and complication rates. Among the 89 patients surgically
managed for cGB without prior cerebrospinal-fluid diversion, 7 (7.9%) were long-term shunt-dependant. Hydrocephalus is
frequent in patients with ¢cGB and has to be carefully managed in order not to interfere with adjuvant oncological treatments.
In case of symptomatic hydrocephalus, a cerebrospinal-fluid diversion is mandatory, especially if surgical resection is not
feasible. In case of asymptomatic hydrocephalus, a cerebrospinal-fluid diversion has to be discussed only if surgical resection
is not feasible.

Keywords Cerebellar glioblastoma - Endoscopic Third Ventriculostomy - External Ventricular Drain - Hydrocephalus -
Neuro-oncology - Ventriculoperitoneal shunt

Introduction independently of the mechanism, can generate symptoms dis-

abling enough to preclude systemic treatments to be per-

Ten to 50% of primary [1-3] and secondary [4, 5] adult pos-
terior fossa tumors are associated with obstructive but also
non-obstructive hydrocephalus in case of leptomeningeal tu-
mor seeding [6]. In such patients, hydrocephalus,
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formed and has consequently to be managed appropriately
[6]. However, hydrocephalus management still remains con-
troversial in this context, especially regarding surgical proce-
dures [1, 5, 7, 8]. Adult cerebellar glioblastomas (cGB) are
particularly rare, representing approximately 1% of de novo
glioblastomas [9-14] and their characteristics remain relative-
ly poorly known. The recent analysis of a series of 118 adult
cases highlighted that total and subtotal tumor resection, per-
formed in selected patients, were associated with improved
onco-functional outcomes, compared with less invasive pro-
cedures (partial resection or biopsy), while complication rates
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were comparable. Additionally, after total or subtotal resec-
tion, the functional outcomes were correlated with age, cere-
bellar hemispheric tumoral location but not with brainstem
infiltration [15]. ¢cGB are expected to be more frequently as-
sociated with hydrocephalus than their supratentorial counter-
part and this parameter has also to be taken into account for
patient management. Yet, the incidence, mechanisms, prog-
nosis value, and management of hydrocephalus have never
been studied in adult patients with cGB.

The aims of the present study were firstly to describe the
occurence and management of hydrocephalus in a French na-
tionwide retrospective series of adult cGB patients, secondly
to identify the characteristics associated with hydrocephalus
prior to and after cGB management, and thirdly to analyze the
onco-functional outcomes associated with the different surgi-
cal strategies, in order to propose management guidelines.

Materials and methods
Identification of cerebellar glioblastoma patients

The French Brain Tumor Database (FBTDB) [16-19] and the
Club of Neuro-Oncology of the Société Francaise de
Neurochirurgie (CNO-SFNC) were screened in order to iden-
tify patients managed for a ¢cGB from 2003 to 2017 [15].

Inclusion criteria were: (1) age >18 years at diagnosis, (2)
tumor epicenter located within the cerebellum, with a
brainstem invasion <5 mm, (3) surgical management be-
tween November 1st, 2003 and August 1st, 2017. The ex-
clusion criteria were (1) the presence of a supratentorial or
medullar tumor larger than the cerebellar tumor, (2) recur-
rent tumors.

Data collection

Data collection was performed in each neurosurgical center,
by one senior neurosurgeon specialized in neuro-oncology
(TP or one local neurosurgeon). Patients data were locally
extracted from medical records using a chart designed for
the study. The methodology used to assess the extent of resec-
tion was the same as previously detailed [15]. The diagnosis of
leptomeningeal seeding was considered to be “documented” if
CSF analysis demonstrated the presence of glial cells. When
CSF analysis was not available, the diagnosis of
leptomeningeal seeding was considered to be “suspected” if
there were both clinical arguments for leptomeningeal seeding
and a leptomeningeal contrast enhancement. Tumor progres-
sion was defined according to RANO criteria [20]. Follow-up
data were centralized and completed (general practitioner or
oncologist call) by one investigator (TP).
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Centralized neuropathological review and molecular
analysis

As previously detailed [15], a central pathological review was
performed by a senior neuropathologist (DM) to ensure that
characteristics of grade IV glioblastoma were met, according
to the 2016 WHO classification of tumors of the central ner-
vous system [21].

The molecular analysis locally performed at diagnosis was
not comprehensive (screening for IDH1-2 mutations, ATRX
status, TP53 status, histone H3 mutation, EGFR amplification,
and TERT mutation were achieved in 35.6%, 6.8%, 27.9%,
19.5%, 35.6%, and 26.3% respectively). Consequently,
IDH1-R132H, ATRX, TP53, and histone H3-K27M screen-
ings were completed using immunostaining whenever possi-
ble (in 71.1%, 65.5%, 64.7%, and 67.4% of cGB without
comprehensive molecular analysis, respectively). In all cases
with available tissue samples, EGFR amplification was
screened using next generation sequencing and TERT muta-
tion was screened by droplet digital PCR (in 50% and 44.8%
of ¢cGB without comprehensive molecular analysis,
respectively).

Standard protocol approvals and registrations

This study was approved by the French legislation (CCTIRS
n°10.548; CNIL n°911013) and the CNO-SFNC.

Statistical analysis

Categorical comparisons were performed using the Chi-
squared test or Fisher's exact test when the conditions of ap-
plication of the Chi-squared test were not met. Quantitative
variables were compared using the Mann-Whitney U test or
the one-way ANOV A when appliable.

Overall Survival (OS) was measured from the date of the
surgery to the date of death from any cause. Progression-free
Survival (PFS) was measured from the date of the surgery to
the date of progression or to the date of death. For surviving
patients, these intervals were censored at the date of last fol-
low-up. The actuarial data were represented with Kaplan-
Meier plots and compared using the log-rank test.

The statistical tests were bilateral and the level of signifi-
cance was set at 5% (p <0.05). Statistical analyzes were con-
ducted using R free software version 3.5.1 (R Core Team) and
Graphpad software version 5 (Graphpad software
corporation).

Results

After centralized neuropathological review, 118 patients were
included. There were 55.1% of males and the median age at
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diagnosis was 55.9 + 16.6 years. Patients presented with
raised intracranial pressure (n=60, 50.8%), cerebellar syn-
drome (n=95, 80.5%) and/or cranial nerve disorders (n=21,
17.8%) including diplopia and nystagmus (n=13) and
swallowing disorders (n=8). cGB were classified as predom-
inantly vermian (n=83, 70.3%) or predominantly hemispheric
(n=35, 29.7%).

Occurrence and management of hydrocephalus

Based on clinical and MRI findings at admission, 69 patients
(58.5%) did not display hydrocephalus of any cause (HAC)
(group A), as detailed in Fig. 1. In group A, 56 patients
(81.2%) did not develop HAC after cGB surgical management
(group Al). Among the 13 remaining patients (18.8%, group
A2), 7 patients (53.8%) developed acute postoperative ob-
structive hydrocephalus, caused by cerebellar swelling (n=6)
or cerebellar hematoma (n=1), which was managed conserva-
tively (n=3) or surgically by External Ventricular Drain
(EVD) (n=3) or Endoscopic Third Ventriculostomy (ETV)
(n=1). Six patients (46.2%) developed delayed hydrocepha-
lus, linked to leptomeningeal seeding (7=3) or tumoral ob-
struction of the 4™ ventricle (7=3), which was surgically man-
aged by ETV (n=5) or Ventriculoperitoneal Shunt (VPS)
(n=1). For non-obstructive hydrocephalus, VPS was preferred
although ETV was performed in two patients in who

hydrocephalus mechanism was not obvious, with a retrospec-
tive confirmation of leptomeningeal seeding. There were no
complications related to Cerebrospinal Fluid (CSF) diversion
procedures.

Conversely, 49 patients (41.5%) presented with hydro-
cephalus at admission (group B) that was mainly attributed
to obstruction of the 4™ ventricle by tumor mass (n=45) and
more rarely to leptomeningeal seeding or subependymal tu-
mor spread (n=4) (Fig. 2). Clinically, 32 patients (65.3%)
presented with raised intracranial pressure and 17 patients
(34.7%) had rather signs of subacute hydrocephalus including
gait and cognitive disturbances. Twenty-nine patients (59.2%)
underwent CSF diversion prior to ¢cGB surgical management
(group B1), that consisted of ETV (n=12,41.4%), VPS (n=11,
37.9%) or EVD (n=6, 20.7%). EVD was proposed in patients
with symptomatic acute obstructive hydrocephalus, in whom
a large surgical resection was planned, allowing a large open-
ing of the 4™ ventricle. In case of non-obstructive hydroceph-
alus, VPS was always considered. In the remaining patients
with obstructive hydrocephalus, the selection of CSF-
diversion modalities (ETS vs VPS) was variable from one
center to another in case of obstructive hydrocephalus, based
on local habits. There were 3 treatment failures (10.3%) with
postoperative hydrocephalus imputable to bacterial meningitis
in a patient with VPS, postoperative hemorrhage in a patient
with ETV and of unknown origin in another patient with ETV.

‘ 118 patients with cerebellar glioblastoma ‘

No hydrocephalus at admission:
Group A, n=69 (58,5%)

/\

Hydrocephalus at admission:
Group B, n=49 (41,5%)

A/\

No post-operative Post-operative
hydrocephalus hydrocephalus

Group Al, n=56 (81,2%) Group A2, n=13 (18,8%)

CSF diversion prior to No CSF diversion prior to

cGB surgical cGB surgical

management management
Group B1, n=29 (59,2%) | | Group B2, n=20 (40,8%)
- ETV, n=12 2 oH) (20 OH)

- VPS, n=11(7 OH, 4 NOH)
- EVD, n=6 (6 OH)
[] 3 treatment failures

/,

|

Acute post-operative Delayed post-operative
hydrocephalus hydrocephalus
n=7 (53,8%) n=6 (46,2%)
- No surgery, n=3 (3 0H) - ETV, n=5 (3 OH, 2 NOH)?
- EVD, n=3 (30H) - VPS, n=1 (1 NOH)
- ETV,n=1 @1 0H)

No CSF diversion after CSF diversion after cGB

cGB surgical surgical management
management

n=19 n=1

(190H) - EVD, n=1 (1 0H)

Fig. 1. Hydrocephalus incidence and management in the French
nationwide series of cerebellar glioblastomas. ETV = Endoscopic Third
Ventriculostomy, EVD = External Ventricular Drain, NOH = Non-
Obstructive Hydrocephalus, OH = Obstructive Hydrocephalus, VPS =
Ventriculoperitoneal Shunt. a. VPS was performed in two patients with

non-obstructive hydrocephalus. In these two patients who had a poor
general status, the mechanism of hydrocephalus was not really clear.
“Palliative ETV” was performed and the diagnosis of leptomeningeal
seeding was confirmed retrospectively thanks to the CSF that was
harvested per-operatively
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<« Fig. 2. MRI features (contrast-enhanced T1-weighted MRI) in patients

with hydrocephalus related to cerebellar glioblastoma. Left panel:
Obstructive hydrocephalus with transependymal resorption in a 71-
year-old male managed for a multifocal cerebellar glioblastoma. The
clinical presentation was subacute with gait and cognitive disturbances
Right panel: Subependymal spread of a multifocal cerebellar
glioblastoma in a 72-year-old male who rapidly developed non-
obstructive hydrocephalus with characteristic gait and cognitive
disturbances

The 20 remaining patients (40.8%, group B2) were surgically
managed for cGB without prior CSF diversion. In group B2,
one patient (5%) developed acute postoperative obstructive
hydrocephalus attributed to massive intra-ventricular postop-
erative hemorrhage, managed by EVD but no patient was
long-term shunt-dependant.

Finally, in the entire series, the cumulative HAC rate
reached 52.5% (62/118), with 55 cases (88.7%) of obstructive
hydrocephalus and 7 cases (11.3%) of nonobstructive hydro-
cephalus. A total of 40 CSF diversion procedures were per-
formed, including 18 ETV (45%), 12 VPS (30%), and 10
EVD (25%). Interestingly, among the 89 patients surgically
managed for cGB without prior cerebrospinal-fluid diversion,
only 7 (7.9%) were long-term shunt-dependant.

Differential characteristics of patients displaying
hydrocephalus of any cause (HAC) at admission

Patients without (group A) and with HAC at admission (group
B) were compared in order to decipher the characteristics as-
sociated with initial HAC in ¢cGB patients (Table 1). Patients
were younger in group B than in group A (52.0 years vs 58.6
years, p=0.04). Compared to group A patients, group B pa-
tients displayed more frequently signs of raised intracranial
pressure (65.3% vs 40.6%, p=0.01) but less frequently cranial
nerve disorders (4.1% vs 27.5%, p=0.001). Moreover, the
postoperative KPS was more frequently improved compared
to the preoperative KPS in group B than in group A (34.1% vs
15.2%, p=0.02).

Radiologically, tumor location (p=0.06), tumor volume
(p=0.71), brainstem infiltration (p=0.38) and leptomeningeal
seeding (p=0.49) did not differ in groups A and B.

The molecular profile was not similar as TP53 and TERT-
mutations were more frequently found in group A than in
group B (58.5% vs 33.3%, p=0.03 and 29.3% vs 6.9%,
p=0.03, respectively) whereas H3-K27M-mutation was more
frequently found in group B than in group A (27.8% vs 7.8%,
p=0.02).

The surgical management was different as tumor resection
was less frequently performed in group A than in group B
(73.9% vs 93.9%, p=0.006) although the rates of total resec-
tion (p=0.27) and postoperative complications were not dif-
ferent (p=0.84). Postoperative management (p=0.15),
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Table 1 Comparison of the characteristics of patients without hydrocephalus at admission (group A) with those of patients with hydrocephalus at

admission (group B)

c¢GBM without hydrocephalus at

admission Group A (n=69)

c¢GBM with hydrocephalus at admission p
Group B (n=49)

N (%) Mean N (%) Mean
(SD) (SD)
CLINICAL AND RADIOLOGICAL PARAMETERS
Mean age (years) 69 58.6 49 52.0 0.04*
(15.3) (17.7)

Clinical presentation 28 (40.6%) 32 (65.3%) 0.01°%*
v Raised intracranial pressure 56 (81.2%) 39 (79.6%) 0.83
v Cerebellar syndrome 19 (27.5%) 2 (4.1%) 0.001*
v Cranial nerve disorders®

One-month postoperative KPS vs Preoperative KPS (%) 10 (15.2%) 14 (34.1%) 0.02%*
v Improved 56 (84.8%) 27 (65.9%)

v Stable or worsened 3 8
v Missing

Tumor location 44 (63,8%) 39 (79,6%) 0.06
v Predominantly vermian 25 (36.2%) 10 (20.4%)

v Predominantly hemispheric

Initial tumor volume (mL) 43 16.7 32 18.4 0.71
v Missing 26 (12.8) 17 (16.7)

Brainstem infiltration 22 (31.9%) 12 (24.5%) 0.38
v Yes 47 (68.1%) 37 (75.5%)

v No

Leptomeningeal seeding at diagnosis 2 (2.9%) 0 (0%) 0.49
v Yes 7 (10.1%) 5(11.2%)

v Suspected 60 (87%) 44 (89.8%)
v No

MOLECULAR PARAMETERS

IDH status 57 (100%) 39 (100%) 0.99
v Wild-type 0 (0%) 0 (0%)

v Mutated 12 10
v Missing

ATRX status 37 (77.1%) 22 (68.8%) 0.57
v Retained 11 (22.9%) 10 (31.2%)

v Lost 21 17
v Missing

TP53 status 22 (41.5%) 24 (66.7%) 0.03*
v Wild-type 31 (58.5%) 12 (33.3%)

v Mutated 16 13
v Missing

TERT mutation 12 (29.3%) 2 (6.9%) 0.03*
v Yes 29 (70.7%) 27 (93.1%)

v No 28 20
v Missing

EGFR amplification 12 (25%) 4 (12.5%) 0.25
v Yes 36 (75%) 28 (87.5%)

v No 21 17
v Missing

Histone H3 status 47 (92.2%) 26 (72.2%) 0.02%*
v Wild-type 4 (7.8%) 10 (27.8%)

v/ K27M mutation 18 13
v Missing

MANAGEMENT

Surgical management 51 (73.9%) 46 (93.9%) 0.006*
v Resection 18 (26.1%) 3 (6.1%)

v Biopsy

Extent of resection 10 (19.6%) 5(10.9%) 0.27

v Total 41 (80.4%) 41 (89.1%)

v’ Subtotal/partial
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Table 1 (continued)

c¢GBM without hydrocephalus at
admission Group A (n=69)

c¢GBM with hydrocephalus at admission p
Group B (n=49)

N (%) Mean N (%) Mean
(SD) (SD)
Postoperative complicationb 24 (34.8%) 18 (36.7%) 0.84
v Yes 45 (65.2%) 31 (63.3%)
v No
Postoperative management 55 (82.1%) 33 (68.8%) 0.15
v Adjuvant treatment® 12 (17.9%) 15 31.2%)
v Palliative cares 2 1
v Missing
OUTCOMES
Progression (n=43) (n=35) 0.78
v Supratentorial 16 (37.2%) 15 (42.9%) 0.69
v Leptomeningeal 13 (30.2%) 13 37.1%) 041
v Multifocal 10 (23.3%) 12 (34.3%)
Progression-free survival (months) n=69 5.1 n=49 52 0.96
Overall survival (months) n=69 8.7 n=49 9.7 0.53

# Cranial nerve disorders consisted in visual disorders, including diplopia and nystagmus (#=12 in group A and n=1 in group B) and swallowing

disorders (n=7 in group A, n=1 in group B)

® Postoperative complications consisted in hydrocephalus (=12 in group A and n=1 in group B), neurological impairment (#=6 in group A and 7=6 in
group B), infection (local, meningeal, ventricular or pulmonary; n=>5 in group A, n=6 in group B), intra-cranial haemorrhage (n=2 in group A and n=3 in
group B) and gas embolism (#=2 in group A and n=2 in group B). Several complications sometimes co-existed in the same patients

¢ Adjuvant treatment consisted of Stupp radio-chemotherapy (#=37 in group A and n=25 in group B), chemotherapy (=9 in group A and n=2 in group
B), radiotherapy (n=6 in group A and n=4 in group B) and, radiotherapy followed by chemotherapy (n=3 in group A and n=2 in group B). The

distribution did not differ significantly (p=0.57)

progression modes, PFS (5.1 months vs 5.2 months, p=0.96 —
Fig. 3a) and OS (8.7 months vs 9.7 months, p=0.53 — Fig. 3b)
were comparable in groups A and B.

Differential characteristics of group A patients
displaying postoperative HAC

In group A, patients without postoperative HAC (group Al)
were compared to patients with postoperative HAC (group
A2) in order to determine the characteristics associated with
the onset of postoperative HAC (Table 2).

Patients without postoperative HAC (group Al) and pa-
tients who developed postoperative HAC (group A2) did not
differ in terms of age (p=0.16) and clinical presentation. The
postoperative KPS was lower in group A2 than in group Al
(49.2% vs 67.1%, p=0.04).

Radiologically, there were no differences between groups
Al and A2 concerning tumor location (p=0.11), initial tumor
volume (p=0.07), and leptomeningeal seeding (p=0.39) but
brainstem infiltration was more frequent in group A2 than in
group Al (61.5% vs 25%, p=0.02). The molecular profile was
similar in groups Al and A2.

Tumor resection was performed as frequently in group Al
than in group A2 (75% and 69.2%, p=0.73). Total resection
was more frequently achieved in group Al than in group A2
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although the difference was not significant (23.8% vs 0%,
p=0.18). Postoperative management (p=0.21), progression
modes, PFS (4.7 months vs 6.7 months, p=0.97 — Fig. 3c¢)
and OS (8.7 months vs 8.3 months, p=0.82 — Fig. 3d) were
comparable in groups Al and A2.

Fig. 3 Kaplan-Meier survival analysis. a: Progression-free survival for P>
cGB patients without hydrocephalus at diagnosis (group A) and patients
without hydrocephalus at diagnosis (group B). b: Overall survival for
¢GB patients without hydrocephalus at diagnosis (group A) and patients
without hydrocephalus at diagnosis (group B). ¢: Progression-free
survival for group A patients without postoperative hydrocephalus
(group Al) and group A patients with postoperative hydrocephalus
(group A2). d: Overall survival for group A patients without
postoperative hydrocephalus (group Al) and group A patients with
postoperative hydrocephalus (group A2). e: Progression-free survival
for group B patients who underwent Cerebrospinal Fluid diversion prior
to cGB management (group B1) and group B patients who did not (group
B2). f: Overall survival for group B patients who underwent cerebrospinal
fluid diversion prior to ¢cGB management (group B1) and group B
patients who did not (group B2). g: Progression-free survival for group
B patients according to cerebrospinal fluid diversion modalities: external
ventricular drain (group Blgyp), endoscopic third ventriculostomy
(group Blgty), and ventriculoperitoneal shunt (group Blypg). h:
Overall survival for group B patients according to cerebrospinal fluid
diversion modalities: external ventricular drain (group Blgyp),
endoscopic third ventriculostomy (group Blgry), and
ventriculoperitoneal shunt (group Blyps)
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Differential characteristics of group B patients
according to the surgical strategy

In group B, patients who underwent CSF diversion prior to
c¢GB management (group B1) were compared to patients who
did not undergo CSF diversion prior to ¢cGB management
(group B2), in order to assess the onco-functional results of
the different surgical strategies (Table 3).

Patients who underwent CSF diversion prior to cGB
management (group B1) and patients who did not (group
B2) were comparable in terms of age (p=0.71) and clinical
presentation. The pre-operative KPS was lower in group B1
than in group B2 (63% vs 74%, p=0.04) but the difference
was no longer significant postoperatively (59% vs 65%,
p=0.46).

MRI parameters including tumor location (p=0.72), tumor
volume (p=0.18), and leptomeningeal seeding (p=0.14) did
not differ. The molecular profile was also homogeneous.

The surgical management was similar in groups B1 and B2
as resection was performed in 93.1% and 95% of cases, re-
spectively (p=0.99), without difference in terms of patient
positionning (p=0.48) and with total removal rates of 11.1%
and 10.5%, respectively (p=0.99). Infection (p=0.99) and per-
sistent postoperative HAC rates (p=0.64) were also
comparable.

Postoperative management (p=0.99), progression modes,
PFS (5.6 months vs 4.2 months, p=0.88 — Fig. 3e) and OS (9.4
months vs 15.2 months, p=0.49 — Fig. 3f) were comparable in
groups B1 and B2.

Differential characteristics of group B1 patients
according to CSF diversion modalities

In group B1, the surgical results associated with the different
CSF diversion modalities (EVD, ETV, and VPS) were com-
pared (Table 4).

Patients who underwent EVD (group Blgyp), ETV (group
Blgrv), and VPS (group Blyps) did not differ in terms of age
(p=0.20) and clinical presentation.

Radiologically, there were no differences between groups
Blgyp, Blgry, and Blyps concerning tumor location
(p=0.38), initial tumor volume (p=0.61), and leptomeningeal
seeding (p=0.43). The molecular profile was similar in groups
BIEVD, BIET\/’ and Blvps.

The surgical management after CSF diversion (p=0.75),
postoperative complications including infections (p=0.85)
and CSF diversion failure (p=0.54) were comparable in
groups Blgyp, Blgry, and Blyps, Postoperative management
(p=0.39), progression modes, PFS (4.5 months vs 5.2 months
vs 7.6 months, p=0.37 — Fig. 3g) and OS (5.0 months vs 7.7
months vs 13.7 months, p=0.37 — Fig. 3h) did not differ.
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Discussion

This study analyzed the characteristics of a unique nationwide
series of 118 adult cGB patients with special emphasis on
hydrocephalus. The overall perioperative HAC rate was
52.5%. Patients with HAC at admission had not the same
clinical and molecular characteristics than patients without
HAC. Among patients without HAC at diagnosis, patients
who developed postoperative HAC had more frequently a
brainstem infiltration than patients who did not. Patients with
HAC at admission had the same outcomes, whether or not a
CSF diversion was performed prior to cGB management. In
patients with HAC at admission, all CSF diversion options
provided comparable results. Finally, among the 89 patients
surgically managed for cGB without prior cerebrospinal-fluid
diversion, only 7 (7.9%) were long-term shunt-dependant.

Physiopathology and incidence of hydrocephalus in
<GB patients

The frequency of HAC prior to and after the surgical manage-
ment of posterior fossa tumor surgery remains poorly known
[8]. In the present series of adult cGB, 41.5% of patients pre-
sented with HAC at diagnosis and 18.8% of cGB patients
were not hydrocephalic at diagnosis but developed post-
operative HAC. Consistently, HAC was present at diagnosis
in 44.4% (4/9) and 40% (4/10) patients in two previous series
of ¢cGB [14, 22] but postoperative HAC rates are not known.

The rate of preoperative HAC is lower in extraparenchymal
posterior fossa tumors and varies between 3.7%-33% [1, 2,
23-28]. Indeed, cerebello-pontine angle tumors are revealed
by cranial nerve disorders preceding HAC which is correlated
to increased tumor size [1, 23, 26, 27, 29]. Moreover, their
greater distance to the 4™ ventricule and their lower growth
rate allow gradual molding of the 4™ ventricle. In a series of
284 benign cerebello-pontine angle tumors, only two patients
developed postoperative HAC [29]. Thus, the rate of postop-
erative HAC is also lower in patients with extraparenchymal
posterior fossa tumors since postoperative cerebellar swelling
may be more limited compared to cGB patients but also be-
cause hydrocephalus linked to local or leptomeningeal tumor
progression is overrepresented in cGB patients. The incidence
of HAC raises 50% in adult patients with medulloblastoma
[3]. It varies between 20%—35% at diagnosis [8, 30-32] and
around 15% postoperatively [31] in patient with posterior fos-
sa metastasis. Consequently, the rate of HAC in ¢cGB patients
is close to this observed in adult intraparenchymal cerebellar
tumors, independently of their histological nature but lower
than this observed in children [33].

In this nationwide series of cGB, hydrocephalus was pre-
dominantly obstructive (88.7%) but 7 patients developed non-
obstructive hydrocephalus, in the presence of tumor



Neurosurg Rev

Table 2 In group A, comparison of the characteristics of patients without post-operative hydrocephalus (group A1) with those of patients who
developed post-operative hydrocephalus (group A2)

c¢GBM without c¢GBM without initial hydrocephalus but with postoperative hydrocephalus  p
initial and postoperative ~ Group A2
hydrocephalus n=13)
Group Al
(n=56)
N (%) Mean N (%) Mean
(SD) (SD)
CLINICAL AND RADIOLOGICAL PARAMETERS
Mean age (years) 56 60.2 13 51.6 0.16
(14.0) (19.0)

Clinical presentation 22 (39.3%) 6 (46.2%) 0.76
v Raised intracranial pressure 44 (78.6%) 12 (92.3%) 0.44
v Cerebellar syndrome 14 (25%) 5 (38.5%) 0.33
v Cranial nerve disorders

One-month postoperative KPS (%) 54 67.1 12 49.2 0.04*

(25.3) (34.5)

Tumor location 33 (58.9%) 11 (84,6%) 0.11
v Predominantly vermian 23 (41,1%) 2 (15,4%)

v Predominantly hemispheric

Initial tumor volume (mL) 39 15.3 4 19.8 0.07
v Missing 17 (1.5 9 (18.9)

Leptomeningeal seeding at diagnosis 1 (1.8%) 1 (7.7%) 0.39
v Yes 5 (8.9%) 2 (15.4%)

v Suspected 50 (89.3%) 10 (76.9%)
v No

Brainstem infiltration 14 (25%) 8 (61.5%) 0.02*
v Yes 42 (75%) 5(38.5%)

v No

MOLECULAR PARAMETERS

IDH status 49 (100%) 8 (100%) 0.99
v Wild-type 0 (0%) 0 (0%)

v Mutated 7 5
v Missing

ATRX status 32 (78%) 5(71.4%) 0.65
v Retained 9 (22%) 2 (28.6%)

v Lost 15 6
v Missing

TP53 status 20 (45.5%)) 2 (22.2%) 0.28
v Wild-type 24 (54.5%) 7 (77.8%)

v Mutated 12 4
v Missing

TERT mutation 10 (29.4%) 2 (28.6%) 0.99
v Yes 24 (70.6%) 5(71.4%)

v No 22 6
v Missing

EGFR amplification 9 (22.5%) 3 (37.5%) 0.39
v Yes 31 (77.5%) 5(62.5%)

v No 16 5
v Missing

Histone H3 status 39 (90.7%) 8 (100%) 0.99
v Wild-type 4 (9.3%) 0 (0%)

v K27M mutation 13 5
v Missing

MANAGEMENT

Surgical management 42 (75%) 9 (69.2%) 0.73
v Resection 14 (25%) 4 (30.8%)

v Biopsy

Extent of resection 10 (23.8%) 0 (0%) 0.18

v Total 32 (76.2%) 9 (100%)

v Subtotal/partial
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Table 2 (continued)

c¢GBM without ¢GBM without initial hydrocephalus but with postoperative hydrocephalus  p
initial and postoperative ~ Group A2
hydrocephalus (n=13)
Group Al
(n=56)
N (%) Mean N (%) Mean
(SD) (SD)
Postoperative management 47 (85.5%) 8 (66.7%) 0.21
v Adjuvant treatment 8 (14.5%) 4 (33.3%)
v Palliative cares 1 1
v Missing
OUTCOMES
Progression (n=35) (n=8) 0.13
v Supratentorial 11 (31.4%) 5 (62.5%) 0.68
v Leptomeningeal 10 (28.6%) 3 (37.5%) 0.07
v Multifocal 6 (17.1%) 4 (50%)
Progression-free survival (months) n=56 4.7 n=13 6.7 0.97
Overall survival (months) n=56 8.7 n=13 83 0.82

leptomeningeal seeding or not. Nonobstructive hydrocephalus
without leptomeningeal seeding has already been described in
posterior fossa tumors but also in supra-tentorial glioblasto-
mas and was attributed to arachnoiditis and to elevated CSF
level resulting in clogging of the arachnoid granulations [23,
25-27,29, 34, 35]. In the present study, CSF protein level was
not available but this so-called “metabolic concept” may ac-
count for few cases of non-obstructive hydrocephalus associ-
ated with ¢cGB with arachnoid contact.

Characteristics associated with HAC in cGB patients

In this nationwide series of ¢GB, several differences were
observed between patients who were hydrocephalic at diag-
nosis and patients who were not. Firstly, group B patients
were younger than group A patients. Consistently, the rate
of cortico-subcortical atrophia and consequently the tolerance
to 4™ ventricle compression may be higher in group A.
Secondly, the clinical presentation was different in groups A
and B. As expected, signs of raised intracranial pressure were
more frequent in group B. The increased frequency of cranial
nerve disorders in group A is not explained by radiological
parameters that were comparable in groups A and B but may
result from an underestimation to these symptoms in group B
patients in who raised intracranial pressure was clinically in
the forefront. Thirdly, the molecular profile was not similar in
groups A and B, which is explained by the difference in age as
histone H3-K27M-mutant gliomas are generally found in
young patients [36, 37] whereas TERT-mutant gliomas rather
affect older patients [38]. Fourthly, tumor resection was more
frequently performed in group B than in group A, undoubted-
ly because it was considered as the better strategy to alleviate
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raised intracranial pressure but also because patients were
older in group A and did subsequently not constitute the best
candidates for tumor removal [39].

Interestingly, tumor location and tumor volume were
similar in groups A and B. Consistently, in 19 pooled cGB
from 2 series, 50% of ¢cGB were vermian and 50% were
hemispheric in both hydrocephalic and non-hydrocephalic
patients [14, 22]. Tumor volume was conversely a predictor
of HAC in acoustic neurinomas [1, 23, 26, 27] but the pre-
dominant mechanisms leading to HAC may not be the same
in cGB, as previously explained. Preoperative HAC did not
influence the onco-functional outcomes in acoustic
neurinomas [24]. This parameter was not studied in previ-
ous c¢GB prognosis studies [9, 10, 40] but did not signifi-
cantly modify patient prognosis after appropriate manage-
ment in the present series as the outcomes were the same in
group A compared to group B.

In group A, the lower postoperative KPS observed in group
A2 compared to group A1 may be linked to the presence of
HAC itself but also to the causes of hydrocephalus onset,
including serious surgical complications such as cerebellar
swelling or hemorrhage. In group A, the only significant pre-
dictor of postoperative HAC was brainstem infiltration.
Interestingly, total resection was never achieved in group A2
which is not surprising, given the high rate of brainstem infil-
tration (61.5%) [15]. Consistently, in a series mixing 320 be-
nign or malignant posterior fossa tumors, brainstem compres-
sion was a predictor of postoperative HAC [41]. Intuitively,
total resection offers the possibility to better unclog the 4™
ventricle and has already been identified as inversely correlat-
ed with the risk of postoperative HAC in patients managed for
posterior fossa tumors [42]. Thus, in patients with brainstem
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Table 3  In group B, comparison of patients who underwent CSF diversion prior to glioblastoma management (Group B1) with patients who did not
undergo CSF diversion prior to glioblastoma management (Group B2)

Patients who underwent CSF diversion prior to ~ Patients who did not underwent CSF diversion prior p

glioblastoma surgical management to glioblastoma surgical management

Group B1 Group B2

(n=29) (n=20)

N (%) Mean N (%) Mean
(SD) (SD)

CLINICAL AND RADIOLOGICAL PARAMETERS

Mean age (years) 29 513 20 53.0 0.71
(17.0) (18.0)

Clinical presentation 19 (65.5%) 13 (65%) 0.99
v Raised intracranial pressure 21 (72.4%) 18 (90%) 0.17
v Cerebellar syndrome 1 (3.4%) 1 (5%) 0.99
v Cranial nerve disorders

Preoperative KPS (%) 25 63 18 74 0.04*

19 16)
One-month postoperative KPS (%) 25 59 18 65 0.46
(23) 29

Tumor location 24 (82,8%) 15 (75%) 0.72
v Predominantly vermian 5 (17,2%) 5 (25%)

v Predominantly hemispheric

Initial tumor volume (mL) 17 18.4 15 18.4 0.18
v Missing 12 21.4) 5 9.5)

Leptomeningeal seeding at diagnosis 1 (3.4%) 4 (20%) 0.14
v Suspected 28 (96.6%) 16 (80%)

v No

MOLECULAR PARAMETERS

IDH status 22 (100%) 17 (100%) 0.99
v Wild-type 0 (0%) 0 (0%)

v Mutated 7 3
v Missing

ATRX status 14 (77.8%) 8 (57.1%) 0.27
v Retained 4 (22.2%) 6 (42.9%)

v Lost 11 6
v Missing

TP53 status 15 (71.4%) 9 (60%) 0.72
v Wild-type 6 (28.6%) 6 (40%)

v Mutated 8 5
v Missing

TERT mutation 1 (6.7%) 1(7.1%) 0.99
v Yes 14 (93.3%) 13 (92.9%)

v No 14 6
v Missing

EGFR amplification 2 (11.1%) 2 (14.3%) 0.99
v Yes 16 (88.9%) 12 (85.7%)

v No 11 6
v Missing

Histone H3 status 16 (76.2%) 10 (66.7%) 0.71
v Wild-type 5(23.8%) 5 (33.3%)

v K27M mutation 8 5
v Missing

MANAGEMENT

Surgical management 27 (93.1%) 19 (95%) 0.99
v Resection 2 (6.9%) 1 (5%)

v Biopsy

Patient positionning for resection 5 (18.5%) 6 (31.6%) 0.48
v Ventral/lateral decubitus 22 (81.5%) 13 (68.4%)

v Sitting

Extent of resection 3(11.1%) 2 (10.5%) 0.99
v Total 24 (88.9%) 17 (89.5%)

v Subtotal/partial
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Table 3 (continued)

Patients who underwent CSF diversion prior to
glioblastoma surgical management

Patients who did not underwent CSF diversion prior p

to glioblastoma surgical management

Group B1 Group B2

(n=29) (n=20)

N (%) Mean N (%) Mean
(SD) (SD)

Postoperative complications 3 (10.3%) 2 (10%) 0.99
v Meningitis / ventriculitis 3 (10.3%) 1 (5%) 0.64
v Postoperative hydrocephalus

Postoperative management 20 (69.0%) 13 (68.4%) 0.99
v Adjuvant treatment 9 (31.0%) 6 (31.6%)

v Palliative cares 0 1
v Missing

OUTCOMES

Progression (n=20) (n=15) 0.99
v Supratentorial 9 (45%) 6 (40%) 0.74
v Leptomeningeal 8 (40%) 5(33.3%) 0.99
v Multifocal 7 (35%) 5(33.3%)

Progression-free survival (months) ~ n=29 5.6 n=20 42 0.88

Overall survival (months) n=29 9.4 n=20 15.2 0.49

invasion and without preoperative HAC, a closer monitoring
of the ventricular volume is warranted given the higher risk of
developing post-operative HAC.

Management of preoperative HAC in c¢GB patients

There is no real consensus regarding the management of
symptomatic HAC in adult patients with benign [1, 24, 26,
29] or malignant [5, 7, 8, 30, 32, 43] posterior fossa tumors.
Tumor removal has to be considered systematically in patients
with posterior fossa tumors in order to optimize the onco-
functional outcomes [2, 4, 5, 15, 25, 26] but to perform CSF
diversion or not prior to tumor removal consequently remains
a major question for the neurosurgeon.

The postoperative KPS was more frequently improved in
group B than in group A. Consistently, in a series of 723 adult
glioblastomas, 30 patients had HAC and CSF diversion pro-
vided a significant improvement of KPS in patients with lower
preoperative KPS (<60%) [35]. These observation highlights
the importance to optimally manage HAC in cGB patients.

The lower preoperative KPS was the only difference found
in group B1 compared to group B2. Thus, the alteration of the
general status was the main clinical argument that led to sur-
gically managed preoperative HAC. Conversely, no radiolog-
ical parameters or surgical parameter, including patient posi-
tioning, had significant influence on decision-making. The
onco-functional results and complications rates were similar
in groups B1 and B2. The increased infectious rate associated
with CSF diversion prior to tumor management, identified in
some series of posterior fossa tumors [32] was not confirmed.
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It is impossible to retrospectively determine whether CSF diver-
sion was really mandatory or not in groups Blgry and Blyps.
Interestingly, in group B1gyp, no patient was long-term shunt-depen-
dent. Consistently, in patients with hydrocephalus related to posterior
fossa tumor managed with EVD, the reported rates of postoperative
shunt-dependence are low [28, 30, 32, 42] and predisposing factors
remain poorly known [7]. In group B2, the surgical strategy was
appropriate as 0% of patients were long-term shunt-dependant. The
only case of acute postoperative hydrocephalus was attributed to
massive intra-ventricular hemorrhage and managed by transient
EVD. In accordance, in a series of 52 patients with HAC related to
posterior fossa tumor of various histology, very few patients without
CSF diversion prior to tumor removal required a CSF diversion after
tumor removal (3/41 = 7.3%) [8]. In hydrocephalic patients with
acoustic neurinomas, tumor removal was also sufficient to manage
HAC in the majority of patients (87.5%) [24].

Finally, all options of CSF diversion seem equivalent as there
were no differences between groups Blgyp, Blgry, and Blyps.
Global complication rates were relatively high but it is difficult to
differentiate complications directly imputable to CSF diversion
per se or to cGB management. Comparable or higher complica-
tion rates were reported in patients with posterior fossa tumor
after CSF diversion [4, 6, 44, 45] and in a series of patients with
supratentorial glioblastoma who underwent CSF diversion for
HAC [35], respectively. Additionally, there were no important
neurological deterioration imputable to intratumoral hemorrhage
or upward transtorial herniation following CSF diversion, as
sometimes reported in children [33].

In the present series, EVD was not associated with an in-
creased complication rate compared to other CSF diversion
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Table 4 In group B, comparison of patients who underwent CSF shunt prior to glioblastoma management according to the surgical modalities
(External Ventricular Drain vs Endoscopic Third Ventriculostomy vs Ventriculoperitoneal Shunt)

Patients who underwent EVD Patients who underwent ETV Patients who underwent VPS p
before glioblastoma surgical before glioblastoma surgical before glioblastoma surgical
management management management
Group Blgyp Group Blgry Group Blyps
(n=6) (n=12) n=11)
N (%) Mean N (%) Mean N (%) Mean
(SD) (SD) (SD)
CLINICAL AND RADIOLOGICAL PARAMETERS
Mean age (years) 6 42.1 12 57.2 11 50.1 0.20
(17.6) (15.5) 17.3)

Clinical presentation 5 (83.3%) 8 (66.7%) 6 (54.5%) 0.49
v Raised intracranial pressure 3 (50%) 9 (75%) 9 (81.8%) 0.36
v Cerebellar syndrome 0 (0%) 0 (0%) 1 (9.1%) 043
v Cranial nerve disorders

Tumor location 5(83.3%) 10 (83.3%) 9 (81.8%) 0.38
v Predominantly vermian 1 (16,7%) 2 (16.7%) 2 (18.2%)

v Predominantly hemispheric

Initial tumor volume (mL) 5 16.5 6 12.8 6 25.5 0.61
v Missing 1 (21.6) 6 (7.9) 5 (30.6)

Leptomeningeal seeding at diagnosis 0 (0%) 0 (0%) 1(9.1%) 043
v Suspected 6 (100%) 12 (100%) 10 (90.9%)

v No

MOLECULAR PARAMETERS

IDH status 6 (100%) 10 (100%) 6 (100%) 0.99
v Wild-type 0 (0%) 0 (0%) 0 (0%)

v Mutated 0 2 5
v Missing

ATRX status 3 (60%) 7 (77.8%) 4 (100%) 0.36
v Retained 2 (40%) 2 (22.2%) 0 (0%)

v Lost 1 3 7
v Missing

TP53 status 5 (83.3%) 5 (55.6%) 5(83.3%) 0.38
v Wild-type 1 (16.7%) 4 (44.4%) 1 (16.7%)

v Mutated 0 3 5
v Missing

TERT mutation 0 (0%) 1 (14.3%) 0 (0%) 0.54
v Yes 3 (100%) 6 (85.7%) 5 (100%)

v No 3 5 6
v Missing

EGFR amplification 1 (25%) 1 (11.1%) 0 (0%) 0.49
v Yes 3 (75%) 8 (88.9%) 5 (100%)

v No 2 3 6
v Missing

Histone H3 status 5(83.3%) 7 (70%) 4 (80%) 0.81
v Wild-type 1 (16.7%) 3 (30%) 1 (20%)

v K27M mutation 0 2 6
v Missing

MANAGEMENT

Surgical management 6 (100%) 11 (91.7%) 10 (90.9%) 0.75
v Resection 0 (0%) 1 (8.3%) 1(9.1%)

v Biopsy

Postoperative complication 1 (16.7%) 1 (8.3%) 1 (9.1%) 0.85
v Meningitis / ventriculitis 0 (0%) 2 (16.7%) 1(9.1%) 0.54
v Persistent hydrocephalus

Postoperative management 3 (50%) 8 (66.7%) 9 (81.8%) 0.39
v Adjuvant treatment 3 (50%) 4 (33.3%) 2 (182%)

v Palliative cares

OUTCOMES

Progression (n=4) (n=8) (n=8) 0.86
v Supratentorial 2 (50%) 4 (50%) 3 (37.5%) 0.11
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Table 4 (continued)

Patients who underwent EVD Patients who underwent ETV Patients who underwent VPS P
before glioblastoma surgical before glioblastoma surgical before glioblastoma surgical
management management management
Group Blgyp Group Blgry Group Blyps
n=6) (n=12) n=11)
N (%) Mean N (%) Mean N (%) Mean
(SD) (SD) (SD)
v Leptomeningeal 2 (50%) 5 (62.5%) 1 (12.5%) 0.17
v Multifocal 3 (75%) 2 (25%) 2 (25%)
Progression-free survival (months)  n=6 4.5 n=12 5.2 n=11 7.6 0.37
Overall survival (months) n=6 5.0 n=12 7.7 n=11 13.7 0.37

ETV = Endoscopic Third Ventriculostomy, EVD = External Ventricular Drain, VPS = Ventriculoperitoneal Shunt

options. Consistently, in a series of 287 patients managed for
posterior fossa tumors, EVD and VPS had similar complica-
tion rates (7%) [32]. These results consequently confirm that
EVD constitutes a valid option, avoiding permanent shunt, in
patients with poor clinical condition, pending tumor resection
[5, 28, 32].

ETV is currently considered to provide good results with
minimal complications in adult patients, regardless of the indi-
cation [5, 46—48]. In the present series, there were 2 ETV fail-
ures, one of which was attributed to postoperative hemorrhage
which represent a predisposing mechanism for ventriculostomy
occlusion in patients with posterior fossa metastasis [31]. VPS
is also validated in patients with posterior fossa metastasis [5,
41, 43], especially in patients with history of resolved infection,
ventricular hemorrhage or leptomeningeal carcinomatosis [5,
45]. In a series of 52 patients with HAC associated with poste-
rior fossa metastasis, the outcomes and complication rates were
similar in patients palliatively managed with ETV and VPS
[45]. These two CSF diversion options appear to be also equiv-
alent in cGB patients.

Limitations

The main limitations of this study are attributable to its retro-
spective design which was unavoidable given the rarity of the
disease. Particularly, molecular data were not comprehensive.
The results have to be cautiously interpreted as functional
results and complications do not depend only on HAC man-
agement but also on cGB management.

Conclusion

HAC is frequent in ¢cGB patients, with a cumulative incidence
of 52.5%. Although HAC does not constitute a prognosis
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factor per se, it has to be carefully monitored and managed
in ¢GB patients in order not to interfere with adjuvant onco-
logical treatments [6]. The general guidelines available for the
management of HAC in patients with posterior fossa metasta-
sis [5] seem to be applicable to cGB patients and have to be
integrated in an individual approach. In case of symptomatic
HAC, a CSF diversion is mandatory, especially if surgical
resection is not feasible. In case of asymptomatic HAC, the
possibility to performed surgical resection should be firstly
considered. If surgical resection is not feasible, a CSF diver-
sion (ETV or VPS) has to be discussed.
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