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Gliadel Wafers in Clinical Practice:
The Neurosurgical View

Maria Angela Samis Zella*, Marion Rapp*, Hans Jakob Steiger, Michael Sabel

Abstract: Gliadel wafers are the only local
chemotherapeutic agent approved for the treat-
ment of primary and recurrent malignant glio-
mas. Since the approval, considerable clinical
experiences in multimodal regimens have been
made and require a re-evaluation from a neuro-
surgical point of view.

We reviewed the database entries from
Medline, EMBASE, and BIOSIS from 2005-2012.
Search terms included: gliadel, carmustine, or
BCNU wafer, implant and complications or ad-
verse events (AE).

Endpoints of our analysis were efficacy and
safety data of gliadel for primary and recurrent

glioblastomas. AEs included intracranial infec-
tions, oedema, healing abnormalities, CSF fistu-
lae, and hydrocephalus.

For primary glioblastomas (GBM), median pro-
gression-free survival (PFS) reached 12.3 months
and overall survival (OAS) ranged from 19.2—-
20.7 months. For recurrences, the 6-month OAS
was 82 %, 1- and 2-year OAS rates were 47 %
and 10 %, respectively. Median OAS was 50.3
weeks. AE rates for primary GBMs ranged from
0.8-16.7 % for cerebral oedema, from 4.4-8.3 %
for healing abnormalities, 5.5 % for liquor leaks,
from 0.0-47.0 % for hydrocephalus, and 4.8 %
for intracranial infection. AE rates for recurrent

glioblastomas ranged from 0.0-7.2 % for cer-
ebral oedema, from 4.8-55.6 % for healing ab-
normalities, from 4.8-33.3 % for CSF fistulae,
from 0.6-22.2 % for hydrocephalus and 5.0 % for
intracranial infection.

The use of gliadel wafers is determined by the
individual decision of the responsible neurosur-
geon due to the absence of general guidelines.
The AE rates reported in current treatment strat-
egies are relatively low. EANO Mag 2012; 2 (3):
129-32.
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Introduction

Glioblastoma multiforme (GBM) is the most common and
aggressive form of malignant glioma, with an annual inci-
dence of approximately 2-3 cases per 100,000 persons
(CBTRUS, http://www.cbtrus.org) [1].

Since 2005, standard treatment for GBM consists of the larg-
est possible, functionality-preserving surgical resection, fol-
lowed by radiotherapy with concomitant chemotherapy with
temozolomide (TMZ), followed by 6 cycles of TMZ [2]. De-
spite these important improvements in surgical and adjuvant
therapy, GBM remains an incurable tumour. Median time to
progression is 7 months and survival remains limited with
about half of patients succumbing to the disease within 1-2
years after diagnosis [2, 3].

Strategies to improve outcome are therefore needed. An obvi-
ous approach is to consider the combination of all available
treatment options. The carmustine wafer (Gliadel®) is a nitro-
sourea oncolytic agent consisting of 192.3 mg of a biodegrad-
able polyanhydride copolymer and 7.7 mg of carmustine (1,3-
bis (2-chloroethyl) -1-nitrosurea [BCNU]). Following surgi-
cal resection, these wafers are applied directly into the tumour
cavity. The carmustine release takes place in a controlled
manner over a period of 20 days and reaches high concentra-
tions in peritumoural regions by diffusion.

In 2 phase-III studies [4, 5], Gliadel® was shown to prolong
survival of GBM patients, yet many neurosurgeons are reluc-
tant to use this treatment modality mostly because of the ex-
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pected post-operative complications. This review provides a
summary (unfortunately without formal statistical analysis)
of the current literature, suggesting potential benefit of
Gliadel® with reasonable toxicity and side effects. Such an
overview points out the potential benefit of Gliadel®, and may
help establish Gliadel® as part of the standard of care for pa-
tients with HGG. Therefore, it might be useful to review the
current data on the impact of Gliadel® wafer implantation
from a neurosurgical point of view.

Material and Methods

We performed a review of the available database entries from
Medline, EMBASE, and BIOSIS from 2005-2012. Search
terms included: Gliadel®, carmustine, or BCNU wafer, im-
plant and complications or adverse events (AE). Results were
limited to human studies and the use of BCNU wafers in pa-
tients with high-grade gliomas (HGG).

Endpoints of our analysis were the efficacy and the safety data
of Gliadel® by primary and recurrent GBMs. We specifically
screened for AEs previously described in phase-III studies [5]
including intracranial infections, oedema, healing abnormali-
ties, CSF fistulae, and hydrocephalus.

To estimate the overall incidence of AEs, rates of AEs from
singular studies were summarized as median rates. Due to the
heterogeneity of the studies included, we did not conduct a
formal statistical analysis to determine comparability among
groups. To underline consistent similarities or differences be-
tween groups concerning overall incidence and the median
rate, we performed a qualitative comparison.

Pivotal Trials

Brem et al [4] demonstrated in a double-blinded, randomized,
placebo-controlled study a significant survival benefit for re-
current GBM patients after Gliadel® implantation (median
overall survival [OAS] of 7.2 months for BCNU wafer-treated
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patients vs 5.4 months for placebo wafer-treated patients).
This study led to the approval of Gliadel® in the treatment of
recurrent GBM in 1995.

For primary GBMs, a meta-analysis combining the results of
the randomized phase-III trial published by Westphal et al [5]
and a randomized phase-III study by Valtonen et al [6] dem-
onstrated a survival increase to 13.1 vs 10.9 months for pla-
cebo patients (p = 0.03). The combined results of these trials
led to regulatory approval of BCNU wafers for the treatment
of newly diagnosed malignant gliomas in March 2003.

In 2005, Stupp et al [2] demonstrated the efficacy of radiation
therapy and concomitant TMZ in newly diagnosed GBMs in a
phase-III trial. This protocol marked in a revealing way the
therapeutic path of GBMs patients and became the standard
treatment for newly diagnosed GBMs. Therefore, data on the
efficacy and complication rate of Gliadel® wafer implantation
in primary and recurrent GBM patients treated with the Stupp
protocol are now of great interest.

Efficacy of Gliadel® Wafer Implantation
in Primary GBM in Combination with
the Stupp Protocol

Although the combination of Gliadel® wafer implantation and
concomitant radiochemotherapy with temozolomide might
combine successful treatment strategies for malignant glio-
mas, combined treatment with the Stupp protocol and
Gliadel® wafer implantation has been evaluated only in few
retrospective studies.

In a retrospective, non-randomized study, De Bonis [7] ana-
lysed 165 patients with newly diagnosed (n = 77) or recurrent
(n = 88) GBM for safety and efficacy of Gliadel® wafers.
Multivariate analysis showed that the only factor associated
with longer survival for newly diagnosed GBM was the extent
of resection. Patients with a higher number of wafers im-
planted were significantly at risk for AEs. He concluded that
adding Gliadel® to standard treatment did not significantly
improve outcome, with a significant higher risk for toxicity
after Gliadel® use.

By contrast, Miglierini [8] concluded that the concomitant
use of surgery with implantation of BCNU wafers followed
by radiochemotherapy according to the Stupp protocol seems
to be well-tolerated. From 2006-2010, this retrospective sin-
gle-centre study enrolled 24 newly diagnosed GBM patients
and revealed a median OAS of 19.2 months. Median progres-
sion-free survival was 12.3 months in this cohort. McGirt et al
[9] demonstrated a median OAS of 20.7 months after treat-
ment with a combination of Gliadel® wafers and the Stupp
protocol with acceptable side effects.

Continuative studies of 111 GBM patients treated initially
with Gliadel® wafers followed by the Stupp protocol demon-
strated that MGMT promoter methylation status and low
MGMT expression both were identified as positive prognosti-
cators [10].
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As becomes evident from the analysis proposed, a lot of au-
thors assert that the combination of Gliadel® wafer implanta-
tion and Stupp protocol may be a good strategy against GBM,
but data available do not permit to suggest it as standard treat-
ment.

Efficacy of Gliadel® Wafer Implantation
in Recurrent GBM

After failure of the first-line therapy, the application of
Gliadel® wafers for the treatment of recurrent GBM is still
controversial.

Quinn [11] conducted a phase-II, open-label, single-centre
trial on patients with recurrent GBM. After gross total resec-
tion of the tumour, up to 8 Gliadel® wafers were implanted.
Bolus infusion of 06-benzylguanine (06-BG) was adminis-
tered at 120 mg/m? over 1 hour on days 1, 3, and 5, along with
a continuous infusion at 30 mg/m?/d. 52 patients were ac-
crued. The 6-month OS was 82 % (95-% confidence interval
[95-% CI]: 72-93 %). The 1- and 2-year OS rates were 47 %
(95-% CI: 35-63 %) and 10 % (95-% CI: 3-32 %), respec-
tively. Median OS was 50.3 weeks (95-% CI: 36.1-69.4
weeks). Treatment-related toxicity with this drug combina-
tion included grade-3 hydrocephalus (9.6 %), grade-3 cere-
brospinal fluid (CSF) leak (19.2 %), and grade-3 CSF/brain
infection (13.4 %). The author simply concluded that more
trials are required to verify that Gliadel® wafer implantation
results in increased survival benefits without added toxicity.

Menei [12] reports the results of a retrospective multicentre
study including 80 patients with a recurrent glioma; 58 of
them received Gliadel® wafers as a second-line therapy and 22
as a first-line therapy. In this group, 20 % received conven-
tional radiotherapy, 32.5 % received systemic chemotherapy,
and 16.3 % received concomitant radiochemotherapy with
TMZ according to the Stupp protocol. Median survival in the
recurrent glioma group was 7 months. Total or subtotal exci-
sion appeared to have an important impact on survival (243 vs
122 days, 62 % reduction for risk of death, 95-% CI: 27—
80 %; p = 0.002), as did preoperative KPS (253 vs 183 days,
56 % reduction for risk of death, 95-% CIL: 15-77 %; p =
0.012) on univariate analysis.

In this analysis, Menei concluded that the combination of
Gliadel® and radiochemotherapy with TMZ was well-tolerated
and appeared to increase survival without increasing AEs.

De Bonis [7] analysed in the previously mentioned retrospec-
tive, non-randomized study survival data for 88 patients with
recurrent GBM. He demonstrated that the only factor associ-
ated with a longer survival was the extent of resection and he
concluded that adding Gliadel® to standard treatment did not
significantly improve the outcome and that toxicity after
Gliadel® use is significantly higher, both for patients with
newly diagnosed and patients with recurrent GBM.

Efficacy data concerning recurrences are affected by a variety
of factors and are still too controversial to tread a path regard-
ing the better therapeutic strategies.
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Surgical Complications of Gliadel® Wafer
Implantation in Primary and Recurrent
GBMs (Table 1)

Intracranial Infections
In both trial groups involving patients with newly diagnosed
and recurrent GBMs, rates of AEs were similar.

The overall incidence of serious intracranial infections (ab-
scesses, meningitis) has been shown to be equal in the recur-
rent group (5.0 %) and in the newly diagnosed GBM group
(4.8 %), although without statistical significance. Attenello
[13] retrospectively reviewed 1013 patients undergoing
craniotomy for resection of malignant brain astrocytoma
(World Health Organization grade-III/IV disease); a total of
288 (28 %) received Gliadel® wafers (250 glioblastoma multi-
forme [GBM], 38 anaplastic astrocytoma/anaplastic oligo-
dendroglioma [AA/AQ], 166 primary resection, 122 revision
resection). He reported a rate of perioperative surgical site in-
fection of 2.8 % among the Gliadel® population vs 1.8 %
among the non-Gliadel® population (p = 0.33), for meninigitis
of 0.3 % among the Gliadel® population vs 0.3 % among the
non-Gliadel® population (p = 1.00).

This data is in line with the literature considering patients with
brain tumour undergoing craniotomy (0.1-43 %) [14].

Hydrocephalus

Similar results were observed considering the incidence of
hydrocephalus requiring a VPS; the range was 0.0-47.0 % of
the patients with newly diagnosed GBMs versus 0.6%-22.2%
of patients with recurrences. A recent study specifically de-
signed to analyze the incidence of adverse events in first-line
treatment of malignant glioma reported a postoperative hy-
drocephalus at an incidence of 7 % [15].

These studies confirmed the elevated risk of hydrocephalus
associated with Gliadel® wafer implantation. Other studies
indicate, however, that the risk of a hydrocephalus requiring
an operative treatment does not appear to be increased with
the use of Gliadel® wafers [15].

CSF Fistulae

According to the pivotal trials the incidence of CSF fistulae
appears more common in the Gliadel® wafer group than in the
placebo wafer group (5 vs 0.8 %), but this difference did not
reach statistical significance.

Between the patients with newly diagnosed GBMs the risk of
developing CSF fistulae reaches a median value of 5.5 %
for newly diagnosed patients versus a risk ranging from 4.8—
33.3 % for patients with recurrences (median value 9.1).

Attenello [13] reported a rate of CSF leak of 2.8 among the
Gliadel® population versus 1.8 among the non-Gliadel® popu-
lation (p = 0.33).

Gallego et al [16] reported 3 patients who had fatal hydro-
cephalus and CSF fistulae related to Gliadel® wafer implanta-
tion.

Healing Abnormalities

Pivotal trials showed a significant difference in the incidence
of healing abnormalities: 14 % for the Gliadel® wafers group
and 5 % for the placebo wafers group (p = 0.05). In non-
phase-III trials, healing abnormalities appear to be one of the
most common AEs [5] and appear to be higher in recurrent
disease with a median value of 4.4 % than in newly diagnosed
disease with a median value of 21.3 % [17-22].

According to the more recent literature, the rate of healing
abnormalities is comprised in a range from 4.4-8.3 % of the
patients with a newly diagnosed GBM and in a range from
4.8-55.6 % of the patients with recurrences [22]. Attenello
[13] reported a rate of healing abnormalities of 0.7 among the
Gliadel® population versus 0.4 among the non-Gliadel® popu-
lation (p = 0.63).

Oedema

The trials considered did not underline any difference be-
tween the groups for brain oedema: the overall incidence in
patients with newly diagnosed disease ranged from 0.8-16.7 %
and from 0.0-7.2 % for recurrences. According to Attenello’s
retrospective study [13], a rate of oedema of 2.1 % among the
Gliadel® population versus 2.3 % among the non-Gliadel®
population (p = 1.00) was reached.

These data appear comparable to those registered by phase-III
pivotal studies where patients who received Gliadel® wafers
for recurrent HGGs reached a rate of 4 % of oedema [22].

In spite of the heterogeneity of the complication rates demon-
strated in patients treated with Gliadel® wafers by the listed
studies, one can infer that the complication rate is relatively
low and, when present, these complications require minor treat-
ment.

Conclusion and Future Aspects

Gliadel® wafers are approved for the treatment of patients
with newly diagnosed GBMs as adjunct to surgery and radia-
tion and are also indicated to treat recurrent GBMs. Their ap-
proval was based on clinical trial results showing the median
survival of patients with high-grade malignant gliomas in-
creased to 13.1 vs 10.9 months for placebo patients (p = 0.03)
[5], and the median survival of patients with recurrent GBM
increased from 5.4 months to 7.2 months [4].

Table 1. Rates of surgical complications following Gliadel®
wafer implantation in primary and recurrent glioblastomas
(GBM).

Newly diagnosed Recurrent
GBM (%) GBM (%)
Hydrocephalus 0.0-470 0.6-22.2
CSF leak 3.5 4.8-33.3
CSF/Brain infections 4.8 5.0
Healing abnormalities 4.4-8.3 4.8-55.6
Oedema 0.8-16.7 0.0-72
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Despite these results, the current data available on the use of
Gliadel® wafers in primary or recurrent GBM are still contro-
versial. First, since there are no prospective, randomized trials
available on the efficacy and toxicity of Gliadel® wafer im-
plantations after the introduction of the Stupp protocol, the
use of Gliadel® wafers will be more determined by the indi-
vidual decision of the responsible neurosurgeon than by gen-
eral guidelines.

Second, since the complication rates for the implantation
groups in most studies are consistent with the rates from his-
torical BCNU wafer studies, the fear of complications should
not preclude the use of BCNU wafers by recurrent GBMs af-
ter pre-treatment with the Stupp protocol. Survival data indi-
cate a potential benefit, but formal, prospective studies are
needed to more thoroughly assess toxicity risk and any poten-
tial survival benefit.

Both of these dichotomies need to be addressed for further
studies, if possible, or for further progress to be realized.
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