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Abstract
Background Combining Gliadel wafers and radiochemo-
therapy with TMZ may carry the risk of increased adverse
events (AE). We analyzed the efficacy and safety in patients
with glioblastoma who underwent multimodal treatment
with implantation of Gliadel wafers.
Methods One hundred sixty-five consecutive patients with
newly diagnosed (77 patients) or recurrent (88 patients)
glioblastoma were studied. Forty-seven patients underwent
surgery + Gliadel. The impact of age (≥65 vs. <65), resec-
tion extent (gross total vs. partial), use of Gliadel and adju-
vant treatment (TMZ vs. other schemes/no adjuvant
therapy) on overall survival (OS, for patients with newly
diagnosed glioblastoma) and on recurrence-survival (for
patients with recurrent glioblastoma) was analyzed with
Cox regression. The impact of age, history (newly diag-
nosed vs. recurrent glioblastoma), number of Gliadel wafers
implanted (0 vs. <8 vs. 8), resection extent (gross-total vs.
partial) and adjuvant treatment (TMZ vs. other schemes/no
adjuvant therapy) on the occurrence of AE and on the
occurrence of implantation site-related AE (ISAE) was an-
alyzed with the logistic regression model. Significance was
set at p<0.05.

Results Multivariate analysis showed the only factor asso-
ciated with longer survival, both for newly diagnosed and
for recurrent GBM, was resection extent. Both patients with
a higher number of wafers implanted and patients with
recurrent tumors were significantly at risk for AE and ISAE.
Patients with eight Gliadel wafers implanted had a 3-fold
increased risk of AE and a 5.6-fold increased risk of ISAE,
and patients with recurrent tumor had a 2.8-fold increased
risk of AE and a 9.3-fold increased risk of ISAE.
Conclusions Adding Gliadel to standard treatment did not
significantly improve the outcome. The toxicity after Glia-
del use was significantly higher, both for patients with
newly diagnosed and patients with recurrent glioblastoma.
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Introduction

Recently, a Cochrane Database systematic review concluded
that carmustine-impregnated wafers (Gliadel®) result in im-
proved survival without an increased incidence of adverse
events compared to placebo wafers when used for primary
disease therapy for high-grade gliomas and that in recurrent
disease Gliadel® does not appear to confer any additional
benefit [4]. These reviewers analyzed the results of two
randomized phase III trials published before 2005, with a
total of 272 participants, showing significant improvement
of survival 1, 2 and 3 years after implantation of Gliadel
wafers for patients with newly diagnosed malignant glioma
[12, 14, 15].

These studies and subsequent non-phase III studies have
also shown risks associated with local chemotherapy within
the central nervous system. Several complications have been
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associated with implantation of Gliadel wafers, including
cerebral edema, healing abnormalities, cerebral spinal fluid
(CSF) leaks, intracranial infections, seizures, hydrocephalus
and cyst formation [1–3, 5, 6, 8, 10, 12, 14].

In 2005, Stupp et al. published the data of a phase III trial
demonstrating the efficacy of radiation therapy and concom-
itant temozolomide (TMZ) in newly diagnosed glioblasto-
mas [11]. The addition of TMZ to radiotherapy for newly
diagnosed glioblastoma resulted in a clinically meaningful
and statistically significant survival benefit (median survival
14.6 months vs. 12.1 months) with minimal additional tox-
icity. At present, after tumor resection, a 6-week protocol of
concomitant radiochemotherapy with TMZ followed by six
cycles of TMZ monochemotherapy can be regarded as the
standard treatment for patients with newly diagnosed glio-
blastoma. Generally, this treatment is well tolerated. Grades
3 and 4 hematologic toxicity occur in 16 % of patients
receiving chemoradiotherapy with TMZ [11].

Lately, this has resulted in clinical protocols combining
local chemotherapy with BCNU wafers and concomitant
radiochemotherapy with TMZ, although this may carry the
risk of increased toxicity [2, 5, 6]. Recent retrospective studies
have raised some concerns about the efficacy of Gliadel
wafers in prolonging survival [2, 5, 6]. One of these studies
showed no difference in survival between patients receiving
standard adjuvant therapy with TMZ and patients receiving
standard adjuvant therapy with TMZ and Gliadel [6].

The aim of this study was to analyze the efficacy and
safety, comparing standard care (surgery followed by adju-
vant radiochemotherapy with TMZ) and standard care plus
Gliadel, in patients with newly diagnosed and recurrent
glioblastoma treated at our institution.

Methods

Patients and treatment

From 2006 to 2011, 165 consecutive patients with newly
diagnosed (77 patients) or recurrent (88 patients) glioblas-
toma were treated at the Departments of Neurosurgery and
Radiation Therapy of Catholic University, Rome.

All patients received corticosteroids (betametasone, dose
4 mg/day to 16 mg/day) before (for 4-8 days before surgery)
and after surgery. Antiepilectic drugs (both before and after
surgery) were only administered if a history of two or more
seizures was present: we administered levetiracetam (Kep-
pra®) at a daily dose of 1,000/3,000 mg, or oxcarbazepine
(Tolep®) at a daily dose of 600/1,200 mg or phenobarbital
(Luminale®) at a daily dose of 100/200 mg. At induction of
anesthesia, patients were given 2 g cephazolin intravenously.
Postoperative doses of 2 g/day were administered every 12 h
for 3 days after surgery. All patients received graduated

compression (elastic) thigh-high stockings before surgery.
Enoxaparin (Clexane®) was administered before surgery only
for bedridden patients or for patients with paresis. Postopera-
tively, all bedridden patients received enoxaparin (daily dose:
4,000 UI).

All patients underwent craniotomy and tumor removal
(with an intraoperative histological diagnosis of high-grade
glioma). Contrast-enhanced MRI/CT studies were obtained
shortly after surgery (within 72 h) in all patients and were
used to determine the entity of tumor resection. Histological
diagnosis was then confirmed for all cases (WHO grade IV
glioblastoma).

Among these cases, 47 patients underwent surgery with
intraoperative positioning of up to eight Gliadel wafers (19
patients with newly diagnosed glioblastoma and 28 patients
with recurrent glioblastoma; see Table 1). All patients gave
their written informed consent after being carefully in-
formed concerning the potential risks and benefits of BCNU
wafers prior to surgery.

Patients with newly diagnosed glioblastoma received
adjuvant therapy 30 days after surgery (range, 3–9 weeks)
and three-dimensional conformal radiation therapy (RT),
delivered by 6-MV LINAC (total dose: 5,940 cGy–
180 cGy/day). Patients received chemotherapy concomitant
to RTwith TMZ at a daily dose of 75 mg/m² per day. After a
1-month break, patients received up to 20 cycles of TMZ
(mean 6 cycles) at a dose from 150 to 200 mg/m² per day on
the standard schedule of 5 days per week every 28 days.

All patients with recurrent glioblastoma had undergone
surgery followed by radio-chemotherapy at the first diagno-
sis. Most of these patients received TMZ (dose from 150 to
200 mg/m² per day on the standard schedule of 5 days per
week every 28 days) after surgery.

Thirteen patients with newly diagnosed GBM and eight
patients with recurrent GBM underwent surgery alone or
received different chemotherapy schemes (because of TMZ-
related toxicity) with cisplatin, fotemustine, BCNU and
irinotecan. For patients who underwent surgery alone, adju-
vant therapy was not administered because of poor clinical
condition after surgery, subgaleal collection/hydrocephalus/
wound dehiscence or patient/relative will.

Follow-up, adverse events and ethics

None of these patients was lost at follow-up. Patients were
discharged between 8 and 46 days after surgery (median:
11 days). Radiological follow-up was performed in all cases:
within 3 days (early postoperative contrast-enhanced CT/
MRI), during hospitalization, at discharge (CT scan between
8 and 46 days after surgery), as outpatients 0–7 days before
patients started radiation therapy (contrast-enhanced brain
MRI between 18 and 51 days postoperatively), before adju-
vant TMZ (contrast-enhanced MRI) and every three cycles
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Table 1 Patient characteristics

Patient Age Extent of surgery
(partial resection,
PR, or gross total
resection, GTR)

Number of
wafers
implanted

Adverse events Survival
(months)

Adjuvant
therapy with
TMZ

Newly diagnosed
GBM

Overall survival

1 74 GTR 3 None 2 Yes

2 63 GTR 8 None 12 Yes

3 71 PR 8 None 15 Yes

4 62 PR 7 None 19 Yes

5 76 GTR 8 None 23 Yes

6 63 PR 8 None 8 Yes

7 59 PR 4 None 4 Yes

8 48 GTR 4 None 1 Yes

9 55 GTR 6 Oedema 18 Yes

10 61 GTR 8 None 2 Yes

11 72 PR 6 None 12 Yes

12 70 PR 8 None 24 No

13 67 GTR 8 None 24 Yes

14 58 GTR 5 None 1 Yes

15 69 PR 8 None 22 Yes

16 66 PR 8 None 13 No

17 61 GTR 6 None 8 No

18 35 PR 8 Thrombocytopenia/
leucopenia

10 No

19 65 PR 6 None 10 No

Recurrent GBM Recurrence survival

20 63 PR 6 None 3 Yes

21 71 GTR 8 None 11 Yes

22 47 PR 8 CSF leak, DVT 6 Yes

23 68 PR 7 None 5 Yes

24 59 PR 8 Edema, Thrombocytopenia/
leucopenia

5 Yes

25 65 PR 8 Edema 2 Yes

26 44 GTR 5 None 16 Yes

27 43 GTR 8 DVT, postop seizures 24 Yes

28 80 GTR 3 None 10 Yes

29 69 GTR 8 Thrombocytopenia/leucopenia 4 Yes

30 53 GTR 4 None 8 Yes

31 63 PR 6 None 4 Yes

32 69 PR 7 None 4 Yes

33 54 GTR 4 Thrombocytopenia/leucopenia,
postop seizures

5 Yes

34 56 GTR 8 Infection, depression 12 Yes

35 58 GTR 8 Postop seizures 4 Yes

36 60 GTR 8 None 1 Yes

37 54 GTR 4 None 6 Yes

38 60 GTR 8 CSF leak 4 Yes

39 58 GTR 6 None 7 No

40 55 GTR 8 CSF leak 12 No

41 27 GTR 3 None 30 Yes

42 37 GTR 6 Postop seizures, depression 6 Yes
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during chemotherapy (contrast-enhanced MRI). Further-
more, we visit all patients as outpatients in the neurosurgery
outpatient department 1 week/10 days after discharge in
order to control the surgical wound, clinical status and
medications. Patients were therefore monitored almost con-
tinually during the first 2 months after surgery. Contrast-
enhanced MRI was then performed every 2 months for the
first 2 years and every 3 months subsequently.

Follow-up data of all patients were obtained by the radi-
ation therapy outpatient department, where patients were
followed up initially once a week until adjuvant therapy
completion and then every 2 months, even after tumor
recurrence/disease progression. Weekly complete blood
counts and platelets plus routine biochemistry analysis were
performed. Toxicity and all adverse events were recorded.
Minimum follow-up for this study was 12 months.

This study was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and
its later amendments.

Statistical analysis

Statistical software used for analyses was SPSS (Statistical
Package for the Social Sciences) 11.0 for Windows. Statis-
tical analysis aimed to determine factors that could affect
survival and potential predictors of adverse events.

Median recurrence-survival (RS, time between recur-
rence and death/last follow-up) and overall survival (OS)
was determined. For patients with newly diagnosed glio-
blastoma, the impact on OS of age at diagnosis (≥65 vs.
<65), resection extent (gross total vs. partial), use of Gliadel
wafers and adjuvant treatment received (TMZ vs. other
schemes/no adjuvant therapy) was analyzed. For patients
with recurrent GBM, the impact on RS of age at recurrence
(≥65 vs. <65), resection extent (gross total vs. partial), use of
Gliadel wafers and adjuvant treatment received (TMZ vs.
other schemes/no adjuvant therapy) was analyzed. Survival
curves were obtained through the Kaplan–Meier method
and were compared using the log-rank and Breslow tests.

The Cox proportional hazards model was used for multivar-
iate analyses.

Among the available clinical data, we analyzed the im-
pact of age (≥65 vs. <65), history (newly diagnosed glio-
blastoma vs. recurrent glioblastoma), number of Gliadel
wafers implanted (0 vs. <8 vs. 8), resection extent (gross
total vs. partial) and adjuvant treatment received (TMZ vs.
other schemes/no adjuvant therapy) on the occurrence of
adverse events (AE), such as leucopenia/thrombopenia,
deep venous thrombosis/pulmonary embolism, postopera-
tive new-onset seizures, depression, severe brain edema,
CSF leakage and intracranial abscess formation, and on
the occurrence of implantation site-related AEs (ISAE),
such as edema, CSF leak, abscess, seizures and depres-
sion/altered mental status. Dichotomous data were com-
pared with Fisher’s exact test (two-sided). The logistic
regression model was used to assess the independent con-
tribution of predictive factors to the occurrence of AE or
ISAE. Significance was set at p<0.05.

Results

Survival: newly diagnosed GBM

The median OS for the 77 patients with newly diagnosed
GBM was 13 months (95 % CI 9–16). OS was 14 months
(CI 95 % 8–17) for 42 patients under 65 years of age and
11 months (95 % CI 7–15) for older patients. This difference
was not significant (log-rank test, p00.48; Breslow test, p0
0.54). Patients who underwent gross total tumor removal
(42 cases) had an OS of 16 months (95 % CI 13–20), and
patients who underwent partial tumor removal had an OS of
10 months (95 % CI 9–11; log-rank test, p00.007; Breslow
test, p00.02). Patients receiving Gliadel wafers (19 cases)
had a longer OS (14 months, 95% CI 8–18 vs. 11 months,
95 % CI 8–14), but this difference was not statistically
significant (log-rank test, p00.77; Breslow test, p00.72).
OS was also longer for 10 patients receiving 8 Gliadel
wafers (13 months, 95 % CI 11–16) compared to 9 patients

Table 1 (continued)

Patient Age Extent of surgery
(partial resection,
PR, or gross total
resection, GTR)

Number of
wafers
implanted

Adverse events Survival
(months)

Adjuvant
therapy with
TMZ

43 63 PR 8 Edema, DVT, depression 8 Yes

44 66 GTR 8 Edema 9 No

45 50 GTR 4 Edema, depression 4 Yes

46 66 GTR 8 Edema 6 No

47 33 GTR 8 None 8 Yes
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receiving up to 7 wafers (11 months, 95 % CI 1–28) or 58
patients receiving no Gliadel (11 months, 95 % CI 8–14),
but this difference was not statistically significant (log-rank
test, p00.69; Breslow test, p00.50). OS was 15 months
(95% CI 11–17) for patients receiving chemotherapy with
TMZ and 10 months (95 % CI 8–12) for patients receiving
other schemes/no adjuvant therapy (log-rank test, p00.01;
Breslow test, p00.04). Multivariate analysis showed the
only factor significantly associated with longer survival
was gross total tumor removal (HR01.8, p00.048; see
Table 2).

Survival: recurrent GBM

Median RS for the 88 patients with recurrent GBM was
8 months (95 % CI 6–10). RS was 8 months (CI 95 % 7–
9) for 61 patients under 65 years of age and 7 months (95 %
CI 5–9) for older patients. This difference was not signifi-
cant (log-rank test, p00.7; Breslow test, p00.39). Patients
who underwent gross total tumor removal (66 cases) had an
RS of 9 months (95 % CI 6–12), and patients who under-
went partial tumor removal had an RS of 6 months (95 % CI
4–8; log-rank test, p00.006; Breslow test, p00.03). Patients
receiving Gliadel wafers (28 cases) had a shorter RS
(6 months, 95 % CI 4–8 vs. 9 months, 95 % CI 7–11), but
this difference was not statistically significant (log-rank test,
p00.47; Breslow test, p00.38). RS was also similar for 17
patients receiving 8 Gliadel wafers (8 months, 95 % CI 5–
11) compared with 11 patients receiving up to 7 wafers
(6 months, 95 % CI 3–9) or 60 patients receiving no Gliadel
(9 months, 95 % CI 7–11), but this difference was not
statistically significant (log-rank test, p00.77; Breslow test,
p00.68). RS was 8 months (95% CI 6–10) for patients
receiving chemotherapy with TMZ and 7 months (95 % CI
1–13) for patients receiving other schemes/no adjuvant ther-
apy (log-rank test, p00.79; Breslow test, p00.95).

Multivariate analysis showed the only factor significantly
associated with longer survival was gross total tumor re-
moval (HR02, p00.007; see Table 3).

Adverse events

Overall, complications of any type, as described below,
occurred in 46/166 patients (27.7 %). The complication rate
was higher for patients with recurrent GBM (33/88 patients,
37.5 %) than for patients with newly diagnosed GBM (13/
78 patients, 16.6 %, Fisher’s exact test, two-sided, p0
0.003). Complication rates were higher for patients receiv-
ing 8 Gliadel wafers (14/27 patients, 51.8 %) compared to
patients receiving up to 7 wafers (3/20 patients, 15 %) or no
wafers (29/119, 24.3 %) (p00.006).

ISAE occurred in 32/166 patients (19.2 %). ISAEs were
more frequent in patients with recurrent GBM (28/88
patients, 31.8 %) than in patients with newly diagnosed
GBM (4/78 patients, 5 %; Fisher’s exact test, two-sided, p
<0.0001). ISAEs were more frequent in patients receiving
8 Gliadel wafers (13/27 patients, 48 %) than in patients
receiving up to 7 wafers (2/20 patients, 10 %) or no wafers
(17/119 patients, 14.2 %; p<0.0001).

Multivariate logistic regression analysis revealed that
both patients with a higher number of wafers implanted
and patients with recurrent tumors were significantly at risk
for adverse events of any type and for ISAE (Tables 4 and
5). In particular, patients with eight Gliadel wafers
implanted had a 3-fold increased risk of AE and a 5.6-fold
increased risk of ISAE, and patients with recurrent tumor
had a 2.8-fold increased risk of AE and a 9.3-fold increased
risk of ISAE complications (Tables 4 and 5).

Curiously, we also observed that wafers were still visible
on the CT scan at 3 months postoperatively (Fig. 1) in seven
patients. Six out of seven patients had a recurrent tumor.

Discussion

Studies performed before 2005 on patients with high-grade
gliomas reported that the number of deaths, adverse events
and laboratory abnormalities were high, as expected in this

Table 2 Cox proportional hazards: patients with newly diagnosed
glioblastoma

p-value HR 95 % CI for HR

Lower Upper

Resection extent 0.048 1.8 1 3.3

Age 0.702 1.1 0.6 2

TMZ 0.071 2 0.9 4.6

No Gliadel 0.346

Up to 7 Gliadel wafers 0.933 1.0 0.4 2.6

8 Gliadel wafers 0.150 0.4 0.1 1.2

Table 3 Cox proportional hazards: patients with recurrent
glioblastoma

p-value HR 95 % CI for HR

Lower Upper

Resection extent 0.007 2 1.2 3.5

Age 0.525 1.1 0.7 1.9

TMZ 0.677 1.2 0.5 2.9

No Gliadel 0.657

Up to 7 Gliadel wafers 0.563 0.8 0.4 1.5

8 Gliadel wafers 0.837 1 0.4 2.5
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particular patient population [3, 12, 14]. The Gliadel arm
and the placebo arm both experienced similar adverse
events. In particular, according to Westphal et al., the most
frequently reported AEs among the patients receiving Glia-
del were hemiplegia, convulsions, confusion and brain ede-
ma. The most commonly reported adverse events among the
patients in the placebo arm were convulsions, confusion,
brain edema and aphasia. The only difference between the
groups was that more patients in the Gliadel arm experi-
enced intracranial hypertension (11 patients vs. 2 patients in
the placebo arm, p 0 0.019) [14, 15].

Similarly, another large randomized study by Brem et al.
also found that both groups had similar occurrences of AE
[3]. In particular, the overall incidence of serious intracranial
infection was 2.2 %, but this complication was more com-
mon in the Gliadel arm than in the placebo arm (3.6 % and
0.89 %, respectively). This difference was statistically non-
significant [3].

After the advent of TMZ, there have been no randomized
studies on the efficacy and safety comparing standard care
(surgery followed by adjuvant radiochemotherapy with
TMZ) with standard care plus Gliadel [9]. In 2008, Attenello
et al. retrospectively analyzed their large series of more than
1,000 patients (including 288 patients with Gliadel wafers
implanted) and found no difference in the incidence of
adverse events between groups [1]. In the last 2 years, three
European studies have been published on this subject [2, 5,

6]. The multicenter retrospective study by Bock et al.
reported an overall AE incidence of 52 % (23 patients),
resulting in therapy delays for concomitant radiochemother-
apy in eight patients (18 %). Seven patients (16 %) in that
series required surgical treatment of AE. These authors
concluded that observed adverse events appeared similar
to complication rates published in the phase III trials for
BCNU wafer implantation followed by radiation therapy
alone and stated that Gliadel wafers “further add to the
toxicity of concomitant radiochemotherapy with systemic
TMZ” [2]. Menei et al. also concluded that the combination
of Gliadel and radiochemotherapy with TMZ was well
tolerated and appeared to increase survival (with respect to
the Westphal study) without increasing AEs [5, 14]. Noel et
al. compared a group treated with surgery, radiation therapy
and TMZ, and a group in which Gliadel was added. They
found no difference in survival between groups and ob-
served a higher incidence of toxicity (grade 3 thrombopenia)
in the Gliadel group [6].

In our study, we observed that the extent of surgery was
the only factor associated with longer survival, both for
newly diagnosed GBM and for recurrent GBM. No differ-
ence in survival was observed for patients receiving Gliadel
wafers.

The incidence of AE reported in our study was compa-
rable to that reported in the previously cited papers. During
surgery, the number of wafers used was dependent on the

Table 4 Logistic regression
analysis. Dependent variable:
adverse events (AE)

HR 0 Hazard ratio; CI 0 confi-
dence interval

p-value HR 95 % CIfor HR

Lower Upper

Age 0.433 0.7 0.3 1.6

Recurrent vs. newly diagnosed glioblastoma 0.011 2.8 1.2 6.1

TMZ 0.147 2.2 0.7 6.8

Resection extent 0.278 0.6 0.2 1.4

No Gliadel 0.021

Up to 7 Gliadel wafers 0.281 0.4 0.1 1.8

8 Gliadel wafers 0.019 3 1.1 7.4

Table 5 Logistic regression
analysis. Dependent variable:
implantation site-related adverse
events (ISAE; see text for
details)

HR 0 Hazard ratio; CI 0 confi-
dence interval

p HR 95 % CI for HR

Lower Upper

Age 0.126 0.4 0.1 1.2

Recurrent vs. newly diagnosed glioblastoma <0.0001 9.3 2.7 31.3

TMZ 0.444 1.6 0.4 6.2

Resection extent 0.607 1.3 0.5 3.5

No Gliadel 0.002

Up to 7 Gliadel wafers 0.443 0.5 0.1 2.6

8 Gliadel wafers 0.001 5.6 2 16

1376 Acta Neurochir (2012) 154:1371–1378



cavity size. In our series, most patients with ISAE had
received eight Gliadel wafers. Interestingly, multivariate
analysis showed that the number of adverse events (both
AE of any type and ISAE) was significantly higher for
patients with recurrent GBM. The reason for this difference,
which has not been previously observed, could be explained
by the difficulty of the “injured” brain, meninges, bone and
scalp to recover after repetitive mechanical and toxic
traumas (surgical interventions, radiation therapy, local and
systemic chemotherapy).

Multivariate analysis also showed that patients receiving
eight Gliadel wafers had a significantly higher risk of AE
and of ISAE compared with patients with fewer than eight
wafers implanted or no wafers. This finding should be
further confirmed in larger series.

In our study, we observed a high incidence of severe
brain edema in patients with Gliadel wafers, especially for
patients with recurrent GBM (Table 1). This has led us to
modify our protocol for postoperative management of
patients with recurrent tumors treated with Gliadel wafer
implants. We have now increased the dose and length of
administration of systemic therapy with steroids. Following
the introduction and strict adherence to this risk manage-
ment protocol, the incidence of severe brain edema dropped
significantly. Two mechanisms of brain edema have been
hypothesized: one occurring in the immediate postoperative
period because of a greater distribution of carmustine and
secondary to vasogenic edema induced by the surgery, with
subsequent cytotoxicity, and the other occurring later,
2 weeks after the implantation, caused by a necrotic reaction
[13]. We could hypothesize that in our cases brain edema

was due to local damage of a more “fragile” brain paren-
chyma (which had already been irradiated prior to surgery
for recurrence).

Finally, a curious finding in our study was that wafers
were still visible on the CT scan at 3 months postoperatively
in seven patients (in one case they were still visible at
5 months postoperatively). We do not have an explanation
for this finding, as clinical characteristics of these patients
were similar to those of other patients, with the exception
that almost all of these patients (6/7) had a recurrent tumor.
Possibly, brain scar/gliosis (because of the repeated surgery
and previous radiation therapy) caused a sort of mechanical
barrier to the penetration of the drug. The persistence of
wafers after surgery has been investigated previously by
Prager et al., who found that wafers were poorly seen after
2 months [7].

The main limitation of our study is its retrospective,
nonrandomized nature (these studies may overestimate the
effect of treatments because of attrition, detection or perfor-
mance bias). Another limitation is the lack of information on
the MGMT status (whose determination has been available
in our hospital for 3 years).

In our study, many of these biases were avoided because
no patients were lost to follow-up, the outcome and prog-
nostic variables were standardized, the completeness and
quality of the data were carefully checked and multivariate
analyses were performed. We therefore acknowledge that
our conclusions on both survival and complication rate
should be tempered and should be confirmed by larger,
randomized studies.

Conclusions

Adding Gliadel to standard treatment did not significantly
improve the outcome for patients with newly diagnosed
GBM or for patients with recurrent GBM. A trend towards
longer OS was observed for patients with newly diagnosed
glioblastoma in favor of the use of Gliadel. The toxicity after
Gliadel use is significantly higher for both patients with
newly diagnosed GBM and patients with recurrent tumor.
Patients with recurrent GBM have a high risk of complica-
tions. Therefore, the results of our study suggest that a
further selection of patients to follow this scheme should
be considered, as the risk of toxicity after the use of Gliadel
wafers could be high, especially for patients with recurrent
tumor, without improving survival. According to this con-
sideration, some stratification could be made in the future,
taking into account survival and adverse events for the
obvious purposes of model prediction before using the com-
bination of surgery, Gliadel wafers, radiation and TMZ.
Randomized trials comparing current standard therapy and
standard therapy plus Gliadel wafers are greatly needed.

Fig. 1 CT scan showing the persistence of Gliadel wafers 3 months
after surgery
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Taking into account that all of these therapies are only
performed in a palliative setting and so far the overall
survival for glioblastoma is still only approximately
14 months, severe side effects leading to hospitalization
and profound loss of quality of life are unacceptable for
patients, their families and caregivers.

Funding None.
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