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Abstract
Question  What is the role of temozolomide in the management of adult patients (aged 65 and under) with newly diagnosed 
glioblastoma?
Target population  These recommendations apply to adult patients diagnosed with newly diagnosed glioblastoma.
Recommendation  Level I: Concurrent and post-irradiation Temozolomide (TMZ) in combination with radiotherapy and 
post-radiotherapy as described by Stupp et al. is recommended to improve both PFS and OS in adult patients with newly 
diagnosed GBM. There is no evidence that alterations in the dosing regimen have additional beneficial effect.
Question  Is there benefit to adjuvant temozolomide treatment in elderly patients (> 65 years old?).
Target population  These recommendations apply to adult patients diagnosed with newly diagnosed glioblastoma.
Recommendation  Level III: Adjuvant TMZ treatment is suggested as a treatment option to improve PFS and OS in adult 
patients (over 70 years of age) with newly diagnosed GBM.
Question  What is the role of local regional chemotherapy with BCNU biodegradable polymeric wafers in adult patients 
with newly diagnosed glioblastoma?
Target population  These recommendations apply to adult patients diagnosed with newly diagnosed glioblastoma.
Recommendation  Level III: There is insufficient evidence for the use of BCNU wafers following resection in patients with 
newly diagnosed glioblastoma who undergo the Stupp protocol after surgery. Further studies of higher quality are suggested 
to understand the role of BCNU wafer and other locoregional therapy in the setting of Stupp Protocol.
Question  What is the role of bevacizumab in the adult patient with newly diagnosed glioblastoma?
Target population  These recommendations apply to adult patients diagnosed with newly diagnosed glioblastoma.
Recommendation  Level I: Bevacizumab in general is not recommended in the initial treatment of adult patients with newly 
diagnosed GBM. It continues to be strongly recommended that patients with newly diagnosed GBM be enrolled in properly 
designed clinical trials to assess the benefit of novel chemotherapeutic agents compared to standard therapy.

Keywords  GBM · Chemotherapy · Brain tumors · Bevacizumab · Temozolomide · Gliomas

Rationale

Surgery is recommended for newly diagnosed brain tumors 
to provide a pathological diagnosis, and when safe, to maxi-
mally resect the tumor. Whether patients undergo a gross 
total resection, subtotal resection, or biopsy, chemotherapy 
is usually initiated afterwards. While the previous guideline 
reviewed the data through 2008 [1], additional studies con-
tinue to define the role of chemotherapy and periodic review 
is required to review the role of chemotherapeutic options 
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in the management of adult patients with newly diagnosed 
glioblastoma in order to provide updated recommendations.

Objectives

The purpose of this update is to assess the literature since the 
last set of clinical guidelines for chemotherapy in the man-
agement of newly diagnosed glioblastoma in adult patients. 
We seek to review new evidence and update the recommen-
dations in regards to chemotherapy.

Methods

Writing group and question establishment

The evidence-based clinical practice guideline taskforce 
members and the Joint Tumor Section of the American 
Association of Neurological Surgeons (AANS) and the 
Congress of Neurological Surgeons (CNS) have prioritized 
an update of the guidelines for management of newly diag-
nosed glioblastoma. The writers represent a multi-discipli-
nary panel of clinical experts encompassing neurosurgery, 
neurooncology, and radiation oncology. Together, they were 
recruited to develop this update on the evidence-based prac-
tice guidelines for newly diagnosed glioblastoma (GBM) 
in adults. The methodology and findings of the previous 
guidelines were reviewed, and additional questions were 
developed to incorporate recent literature addressing prac-
tice patterns in management of GBM patients.

Literature review and eligibility criteria

The following electronic databases were searched from Janu-
ary 1, 2008 to December 31, 2018: PubMed, Embase, and 
Cochrane Database of Systematic Reviews using relevant 
MeSH and non-MeSH terms, including “GBM”, “GBM 
multiforme”, “GBM”, “Newly-diagnosed”, “newly diag-
nosed”, and “clinical trial.”

To be included in the guideline, a publication had to meet 
the following criteria:

Inclusion criteria

•	 Peer-reviewed publications
•	 Clinical studies in patients with newly diagnosed glio-

blastoma/high grade glioma
•	 Each study reporting on at least five or more subjects
•	 Adult patients (> 18 years of age). Studies with mixed 

adult and child populations were included if the adult 
cohorts could be isolated and analyzed separately

•	 Publications written in English

The search criteria were developed and performed by 
two independent reviewers. Citations were independently 
reviewed and included if they met the a priori criteria for 
relevance. No discrepancies in study eligibility were noted. 
Corresponding full-text PDFs were obtained for all cita-
tions meeting the criteria, and reviewed. Data was extracted 
by the first reviewer and verified by another, all of which 
were compiled into evidence tables. The tables and data 
were reviewed by all of the authors. Articles not meeting 
the selection criteria were removed.

Data collection process

Our search criteria yielded a total of 271 publications, which 
were reviewed by two authors independently. Among these, 
148 studies met the eligibility criteria and were further 
screened. 89/148 studies met all outlined selection criteria 
and specifically focused on chemotherapy for GBM.

Those abstracts that met with the selection criteria men-
tioned above were retrieved in full text form. The adherence 
to the selection criteria were confirmed. Corresponding full-
text PDFs were obtained for all citations meeting the criteria, 
and reviewed. Data was extracted by the first reviewer and 
verified by another, all of which were compiled into evi-
dence tables. The tables and data were reviewed by all of 
the authors. Articles not meeting the selection criteria were 
removed.

Scientific foundation

Classification of evidence and recommendation 
levels

Each reviewer independently determined the strength of the 
evidence, classified the level of evidence according to the 
criteria described in the Introduction section. Differences 
in classification of evidence and level of recommendations 
between the two reviewers were discussed between the 
reviewers to reach an agreement. If an agreement could not 
be reached the other three authors were asked to review the 
evidence and recommendations to allow the group to reach 
a consensus. Difference in level of recommendations were 
discussed amongst the reviewers and if a consensus could 
not be made discussed with the authors. For each article, a 
level of recommendation was achieved. Level I was reserved 
for well-designed, prospective, randomized and controlled 
studies with clear mechanisms to limit bias. Level II rec-
ommendations described studies that were randomized and 
controlled studies, but with design flaws leading to potential 
bias and limiting the paper’s conclusions, non-randomized 
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cohort studies, and case–control studies. Level III recom-
mendations were reserved for single surgeon, single institu-
tional case series, comparative studies with historical con-
trol, and randomized studies with significant flaws related 
to studies with limited power and compromised statistical 
analysis. Additional information on study classification and 
recommendation development can be found at https​://www.
cns.org/guide​lines​/guide​line-proce​dures​-polic​ies/guide​line-
devel​opmen​t-metho​dolog​y.

Summary of prior recommendations

In the previously published guidelines on the chemothera-
peutic management of newly diagnosed GBM [1], the role of 
concurrent and post-irradiation temozolomide reached level 
I recommendations based upon a single class I study [2]. 
BCNU-impregnated biodegradable polymers were recom-
mended as level II based upon two studies. The addition of 
temozolomide to radiation therapy for patients older than 
70 with a Karnofsky performance status above 50 received 
a level III recommendation [1].

Assessment for risk of bias

Our search generated a list of abstracts, which were screened, 
and those articles that addressed our identified questions 
underwent full independent review by the authors. Review-
ers were critical in their assessment, specifically in regard 
to trial design, such as randomization of treatment, blinded-
ness, prospective character, etc., size of study population, 
baseline characteristics between study groups which could 
account for survivorship bias, selection bias, and appropriate 
statistical analyses of reported data.

Results of literature review

Temozolomide in patients with newly diagnosed 
GBM

Twelve studies examining the use of temozolomide for the 
treatment of newly diagnosed GBM (GBM) were eligible 
and were included in this analysis (Table 1).

Should patients with newly diagnosed GBM undergo 
temozolomide as adjuvant therapy?

In a phase III randomized controlled trial [2], Stupp et al. 
established level 1 evidence for the use of concurrent and 
post-irradiation temozolomide (TMZ) for the treatment of 
GBM. Since the previous guidelines publication in 2008 [1], 

no further large randomized controlled clinical studies have 
been done to address the role of chemotherapy in GBM. 
A small class II study by Karacetin et al. [3] showed sta-
tistically significant improvement in PFS and OS in GBM 
patients with concurrent/adjuvant TMZ with RT compared 
to RT only.

Does MGMT promoter methylation status predict benefit 
to adjuvant TMZ treatment?

We identified a total of six studies [4–9] that examined the 
role of MGMT methylation status with respect to response 
to TMZ treatment. All studies found that patients with 
newly diagnosed GBM with methylated MGMT promoter 
status had better outcomes with TMZ treatment compared 
to patients with MGMT promoter unmethylated tumors. 
Park et al. [4] found that only MGMT promoter-methylated 
patients benefited (improved PFS and OS) from adjuvant 
TMZ treatment compared to MGMT promoter-unmeth-
ylated patients. Further, patients with MGMT methylated 
tumors who underwent concurrent TMZ and radiation had 
significant improvement in PFS and overall OS compared 
to patients with MGMT methylated tumors receiving post-
irradiation TMZ (OS 41 months vs. 17 months and PFS 
24 months vs 3 months) [4]. This finding suggests that most 
treatment benefit from TMZ in MGMT promoter methylated 
tumors occurs during concomitant TMZ/RT treatment. In 
another study, Barbagallo et al. [5] found a direct correlation 
of median survival with MGMT promoter methylation status. 
Gilbert et al. [6], in a randomized controlled clinical trial, 
examined the benefit of dose dense adjuvant TMZ and again 
noted an association of MGMT promoter methylation with 
improved OS and PFS with the use of standard TMZ treat-
ment. Weiler et al. [9] provided further evidence that MGMT 
promoter methylation status is an important predictive factor 
in response to TMZ treatment in a study investigating differ-
ent dosing regimens for TMZ. Examining the role of TMZ 
therapy in elderly patients with GBM, Perez-Larraya et al. 
[7] found that MGMT promoter methylation was associated 
with improved response to TMZ therapy, consistent with the 
findings from other studies. Finally, in a more recent study 
examining standard TMZ treatment in combination with bev-
acizumab therapy, Gilbert et al. [8] confirmed the value of 
MGMT promoter methylation status as a positive prognostic 
factor, which was associated with significant improvement 
in PFS and OS. Although these studies were not specifically 
designed to compare treatment based on MGMT promoter 
methylation status, they all strongly suggest that methylation 
of the MGMT promoter in GBM is associated with improved 
outcome after TMZ treatment as compared to tumors with 
unmethylated MGMT promoter.

https://www.cns.org/guidelines/guideline-procedures-policies/guideline-development-methodology
https://www.cns.org/guidelines/guideline-procedures-policies/guideline-development-methodology
https://www.cns.org/guidelines/guideline-procedures-policies/guideline-development-methodology
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Is there benefit of adjuvant TMZ treatment in elderly 
patients (> 70 years of age)?

Two Class III studies [7, 10] examined the role of adju-
vant TMZ for treatment of elderly patients with newly diag-
nosed GBM (Table 2). In a multicenter, prospective non-
randomized phase II study of patients age 70 years or older 
with newly diagnosed GBM and postoperative KPS < 70, 
Perez-Larraya et al. [7] showed that these patients can tol-
erate TMZ treatment with improvement in PFS, OS, and 
functional status compared to reported supportive care data. 
In this study, MGMT promoter methylation was shown to 
indicate better response to TMZ therapy. In a retrospec-
tive study, Behm et al. [10] found statistically significant 
improvement in OS in elderly patients > 70 years of age with 
combined radiation and concomitant/adjuvant TMZ. Similar 
to previous findings in studies prior to 2008 [11–14], these 
studies indicate that treatment of elderly patients with adju-
vant TMZ results in significant improvement in outcomes.

Synthesis

There is class I evidence that concurrent and post-irradiation 
temozolomide in combination with radiotherapy and post-
radiotherapy as described by Stupp et al. is recommended 
to improve both PFS and OS in adult patients with newly 
diagnosed GBM.

Although the above studies were not specifically designed 
to compare treatment based on MGMT promoter methyla-
tion status, they all strongly suggest that methylation of 
the MGMT promoter in GBM is associated with improved 
outcome after TMZ treatment as compared to tumors with 
unmethylated MGMT promoter.

There is class III evidence that adjuvant TMZ treatment 
is recommended as a treatment option to improve PFS and 
OS in adult patients (over 70 years of age) with newly diag-
nosed GBM.

Timing of temozolomide in patients with newly 
diagnosed GBM?

When should temozolomide treatment be initiated 
after initial diagnosis of GBM?

Two Class III studies [15, 16] examined the effect of tim-
ing of initiation of concomitant TMZ/RT after diagnosis. 
In a single institution, retrospective assessment, Han et al. 
[15] found neither early (< 30 days) nor delayed (> 34 days) 
chemoradiation as beneficial. In their analysis, they showed 
that a short delay (30–34 days) is predictive of prolonged 
PFS and OS as compared to earlier or delayed chemoradia-
tion. Sun et al. [16], in another retrospective study, found 
no significant effect on PFS or OS with a delay in initiation 

of treatment unless treatment was delayed by more than 
6 weeks. Although these retrospective studies have signifi-
cant limitations, they are consistent with previous studies 
[17–19] which have not shown any significant benefit of 
starting chemoradiation sooner than 4 weeks.

Does prolonged or non‑standard temozolomide dosing 
regimens provide benefit compared to standard 
temozolomide dosing?

One class II study [20] and five class III studies [5, 21–24] 
examined the benefit of extended adjuvant TMZ treat-
ment (> 6 cycles) compared to standard adjuvant therapy 
(6 cycles). In a prospective non-blinded randomized study, 
Bhandari et al. [20], examined the impact of six versus 12 
cycles of adjuvant TMZ on OS in newly diagnosed postop-
erative patients. They found that that extended TMZ was 
well tolerated and lead to an increase in PFS (12.8 months 
vs. 16.8 months, p = 0.069) as well as OS (15.4 months 
vs. 23.8 months, p = 0.044) in newly diagnosed patients of 
GBM. They noted that the study was limited in the small 
number of patients (n = 40, 20 in each group) and lack of list-
ing MGMT methylation status which is known prognostica-
tor for response to TMZ therapy. In a retrospective matched 
cohort analysis of GBM patients treated with TMZ, Barba-
gallo et al. [5] examined two groups of patients: Group A, 
in which patients had greater than 6 cycles of adjuvant TMZ 
treatment (up to 101 cycles), and Group B, where patients 
did not receive more than 6 cycles of adjuvant TMZ treat-
ment. The authors report that the median survival correlated 
with the number of TMZ cycles administered, however, this 
conclusion can be challenged based on significant limita-
tions in the study design given important differences in the 
two groups. First, there were significantly more patients with 
MGMT promoter methylation in group A and the age of 
patients was significantly younger in group A compared to 
group B. Furthermore, a positive selection bias for patients 
to continue on monthly TMZ beyond 6 cycles was likely 
to play a role. Another retrospective study by Roldan et al. 
[21], also suggested improved median survival in patients 
receiving more than 6 cycles of TMZ compared to standard 
therapy of 6 cycles; however, the study had similar limita-
tions in deriving this conclusion given that both groups had 
significant differences including that the extended adjuvant 
TMZ group had more patients with a methylated MGMT 
promoter than the group receiving standard therapy. In a 
larger study (n = 624) by Blumenthal et. al [22], which was 
a retrospective analysis of four multicenter randomized trials 
for newly diagnosed GBM patients, continuing TMZ beyond 
6 cycles had some improvement in PFS, but did not show 
to increase overall survival after adjusting for prognostic 
factors. Similarly, in a retrospective single-center cohort 
study, Skardelly et al. [23] again did not find any evidence 
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Table 2   Adjuvant TMZ treatment in elderly patients

Author (Year) Description of Study Data Class Conclusions

Behmet al. (2013)  Study description single institution, retrospec-
tive assessment focused on comparing GBM 
patients above the age of 65 treated with 
radiation alone or with concomitant and adju-
vant chemoradiotherapy (TMZ)

 Patient population GBM patients (n = 293)
Pts age > 65: 139pts
Treatment regimen
Radiation: ~ 60 Gy (30 fractions of 1.8–2 Gy)
Chemotherapy: TMZ- Stupp protocol
In patients > 65:
Radiation only: 59
Radiation + TMZ: 80
Surgery in age > 65 with RT alone:
GTR- 73%
Partial- 14%
Biopsy- 14%
Surgery in age > 65 with combined RT + TMZ
GTR- 56%
Partial- 11%
Biopsy- 13%
Radiation: ~ 60 Gy (30 fractions of 1.8–2 Gy)
Chemotherapy: TMZ- Stupp protocol

III Results
Median overall survival
In all pts:
TMZ + RT: 13.5 months
RT only: 4.8 months
(p < .0001)
In matched analysis of elderly pts (age > 65):
Median overall survival
TMZ + RT: 8.7 months
RT only: 3.6 months
(p < .0001)
Toxicity
Termination of temozolomide due to toxicity 

in 8 patients greater than 70 years of age. All 
of these experienced a prolonged low platelet 
count of less than 100

Author’s conclusions
“Retrospective matched pair analysis gives class 

2b evidence for prolonged survival due to 
concomitant and adjuvant temozolomide in 
elderly glioblastoma patients. Until prospec-
tive data for combined radiochemotherapy in 
elderly patients will be available concomitant 
and adjuvant temozolomide therapy should 
not be withheld”

Comments and conclusions
Classified as Class III because is a retro-

spective review. Study shows statistically 
significant improvement in OS in elderly 
patients > 65 years of age with combined 
radiation and concomitant/adjuvant TMZ. Of 
note, the authors point out that “besides sur-
vival and toxicity the patients quality of life 
and self- dependence must be kept in mind. 
As a limitation of this study, these data could 
not be provided retrospectively”
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of improvement in overall survival with some improvement 
in PFS. Furthermore, Gramatzki et al. [24] after adjusting 
for age, extent of resection, KPS, presence of residual tumor, 
MGMT promoter methylation status, or IDH mutation sta-
tus, not only did not find any benefit in OS, but, also they 
did not see any improvement in PFS. Ultimately, these stud-
ies do not provide sufficient evidence for extended adjuvant 
TMZ treatment. Future prospective trials will be required 
to better understand the effects of extended adjuvant TMZ 
treatment.

Three class II studies [6, 9, 25] investigated non-standard 
TMZ dosing regimens including dose dense and metronomic 
TMZ dosing strategies. In a prospective randomized phase 
II trial, Clarke et al. [25] compared post-irradiation adjuvant 
dose-dense TMZ (150 mg/m2 daily from days 1–7 and 15–21 
of each cycle) and a metronomic TMZ regimen (50 mg/m2 
daily from days 1–28 of each cycle) and found that either 
treatment was relatively well tolerated with the dose dense 
regimen trending towards better outcomes. They noted that 
the purpose of the study was not designed to compare the 
two treatment strategies but rather compare their treatment 
regimens to the historical control from the EORTC/NCIC 

phase III trial. Interestingly, the dose-dense TMZ group 
was shown to have a median survival of 15.4 months in 
unmethylated MGMT promoter GBM patients (compared 
to historical controls of 12.7 months), indicating a possible 
benefit of this treatment strategy. In another well designed 
randomized controlled trial, Gilbert et al. [6] did not dem-
onstrate any significant benefit in PFS or OS from the use 
of dose-dense adjuvant TMZ therapy compared to standard 
therapy. Also of note, the dose-dense strategy was found to 
have statistically increased percentage of patient with Grade 
3 or 4 toxicities. Weiler et al. [9] in a different dose-dense 
regimen, where TMZ was administered orally before and 
after RT in a weekly alternating schedule (50 mg/m2 during 
RT and 150 mg/m2 after RT with no maximal number of 
cycles defined) showed that this dose dense regimen showed 
some improvement in PFS in methylated MGMT promoter 
GBM patients compared to historical data from the EORTC/
NCIC trial. Significant limitations in comparing the find-
ings of this study with the historical data of the EORTC/
NCIC trial include that this study’s patients were also all 
treated with indomethacin, the median KPS was 90, and 
the median number of cycles treated with adjuvant therapy 

Table 2   (continued)

Author (Year) Description of Study Data Class Conclusions

Pérez-Larrayaet al. (2011) Study description Multicenter, prospective non-
randomized phase II study of patients age 70 years 
or older with newly diagnosed GBM and postop 
KPS < 70
Patient population patients age 70 years or older 
with newly diagnosed GBM and postop KPS < 70 
(n = 70)
Treatment regimen
Surgery: 65 underwent biopsy, 5 partial resection, 
1 GTR​
Chemotherapy:
Up to 12 cycles of temozolomide within first 
month after diagnostic biopsy or resection. The 
first dose was 150 mg/m2 for 5 consecutive days 
every 28 days, with dose escalation up to 200 mg/
m2 at the second cycle in the absence of hemato-
logic toxic effect
No radiation given to any patient

III Results
Median PFS 16 weeks
MGMT promoter methylation indicated longer 

PFS (26 weeks vs 11 weeks, p = 0.03)
Median overall survival 25 weeks
MGMT promoter methylation indicated longer 

OS (31 weeks vs 19 weeks, p = 0.03)
23 pts improved KPS by 10 or more points
Toxicity
Grade 3 to 4 neutropenia and thrombocyto-

penia occurred in 13% and 14% of patients 
respectively

Author’s conclusions
“Temozolomide has an acceptable tolerance in 

elderly patients with GBM and KPS less than 
70. It is associated with improvement of func-
tional status in 33% of patients and appears to 
increase survival compared with supportive 
care alone, especially in patients with methyl-
ated MGMT promoter”

Comments and conclusions
Classified as Class III because study is nonran-

domized prospective study. Study shows that 
newly diagnosed GBM patients with KPS < 70 
who are over the age of 70 can tolerate TMZ 
treatment with improvement in PFS, OS, and 
functional status compared to reported sup-
portive care data. MGMT promoter methyla-
tion was shown to indicate better response 
to TMZ therapy, in line with numerous other 
studies
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was 6.5 (compared to median of 3 cycles in the EORTC/
NCIC trial). The above studies did not show any significant 
evidence that alternative TMZ dosing strategies can lead to 
better outcomes compared to the standard Stupp protocol.

Synthesis

The above studies in regards to timing of TMZ treatment do 
not provide any significant evidence that alternative TMZ 
dosing strategies can lead to better outcomes compared to 
the standard Stupp protocol. In regards to the initiation of 
TMZ treatment, the retrospective studies above did not show 
any significant benefit of starting chemoradiation sooner 
than 4 weeks. Furthermore, the above studies do not provide 
sufficient evidence for extended adjuvant TMZ treatment 
or that alternative TMZ dosing strategies can lead to better 
outcomes compared to the standard Stupp protocol.

Adjuvant therapy in patients with newly diagnosed 
GBM?

Should temozolomide be given concomitantly 
with radiation therapy?

Two class III studies [4, 26] met the eligibility criteria for 
examining the role of concomitant TMZ therapy during radi-
ation. In a retrospective analysis focusing on two prospective 
patient groups (RT followed by adjuvant TMZ and concomi-
tant RT with TMZ followed by adjuvant TMZ) from a larger 
phase III clinical trial, Park et al. [4] found evidence that 
treatment with concomitant TMZ during radiation showed 
significant improvement in PFS and OS in patients with 
methylated MGMT promoter GBMs compared to treatment 
with post-irradiation TMZ only (PFS 24 months to 3 months 
and OS 41 months to 17 months, respectively). Interest-
ingly, there was no significant difference in PFS or OS in 
patients with unmethylated MGMT promoter GBMs, indi-
cating that the potential benefit of concomitant TMZ during 
radiation is only applicable to methylated MGMT tumors. In 
another retrospective study, Sher et al. [26] showed statisti-
cally significant improvement in OS with RT + concomitant 
TMZ + adjuvant TMZ compared to RT with adjuvant TMZ-
only (OS 25.5 months compared 15.6 months, respectively). 
Unfortunately, this study did not test for MGMT methylation 
status, possibly accounting for the lack of significant differ-
ences in PFS between both groups. Although these stud-
ies have clear limitations, they highlight the important role 
of concomitant TMZ during RT, especially for methylated 
MGMT tumors in the overall benefit of adjuvant TMZ.

What is the role for local regional chemotherapy with BCNU 
biodegradable wafers in patients with newly diagnosed 
GBM?

Seven Class III studies [27–33] met our inclusion criteria 
which examined the use of BCNU biodegradable wafers 
(Gliadel wafers) as local therapy for patients with GBMs 
(Table 3). Affronti et al. [27] in single institution retrospec-
tive study comparing outcomes of newly diagnosed GBM 
patients receiving surgical resection with and without car-
mustine (BCNU) wafers followed by RT and concurrent 
TMZ plus rotational chemotherapy (temozolomide, carmus-
tine, irinotecan) showed no statistically significant benefit 
in the use of BCNU wafers in addition to finding that this 
group had increased grade 3/4 toxicity (31% BCNU wafer 
group and 16 in the non-BCNU wafer group). They noted, 
however, though that the BCNU wafer group had better out-
comes than the historical EORTC/NCIC data from the Stupp 
et al. paper [2], however this finding may be confounded by 
differences in the extent of resection in both studies. Specifi-
cally, patients in the BCNU wafter study had either gross 
total or subtotal resections, whereas 17% of patients in the 
EORTC/NCIC study underwent biopsy only. De Bonis et al. 
[28] found no substantial improvement in survival when 
adding loco-regional chemotherapy with BCNU wafers to 
standard therapy and found increased risk for adverse events. 
Furthermore, in a prospective non-randomized single arm 
study, Salmaggi et al. [29] found no significant improve-
ment in survival with possibly slight improvement in PFS in 
newly diagnosed GBM patients treated with BCNU wafers 
in combination with 6-month metronomic temozolomide 
and radiation therapy. In another study examining newly 
diagnosed GBM patients aged > 65 years who underwent 
surgical resection with and without carmustine (BCNU) 
wafers, Chaichana et al. [30] showed statistically significant 
improvement in survival in patients older than 65 years old 
who underwent surgical resection with BCNU wafer place-
ment compared to those that did not undergo BCNU wafer 
placement at surgical resection. However, the findings of 
this study is limited in terms of understanding efficacy with 
only 6/45 patients receiving temozolomide in either group. 
Similarly in a study by Noel et al. [31], the differences in the 
BCNU wafer treated group and the non-BCNU wafer treated 
group limits any significant conclusions made by the authors 
of this study. In this single institution, retrospective assess-
ment of treatment of WHO Grade III or IV glioma patients 
who received surgical resection with and without BCNU 
wafers, the authors observed a trend, although not statisti-
cally significant, in improvement in outcome with treatment 
of patients with local regional therapy with BCNU, temo-
zolomide, and radiotherapy. This trend in improvement in 
overall survival in GBM patients is difficult to claim given 
that 5 patients in the no-BCNU wafer group had biopsy 



184	 Journal of Neuro-Oncology (2020) 150:165–213

1 3

Ta
bl

e 
3  

L
oc

al
 re

gi
on

al
 c

he
m

ot
he

ra
py

 w
ith

 B
C

N
U

 b
io

de
gr

ad
ab

le
 w

af
er

s i
n 

pa
tie

nt
s w

ith
 n

ew
ly

 d
ia

gn
os

ed
 G

B
M

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

A
ki

ya
m

ae
t a

l. 
(2

01
8)

St
ud

y 
de

sc
ri

pt
io

n 
si

ng
le

 in
sti

tu
tio

n,
 re

tro
sp

ec
tiv

e 
as

se
ss

m
en

t o
f t

he
ra

py
 

fo
r n

ew
ly

 d
ia

gn
os

ed
 G

B
M

 p
at

ie
nt

s w
ho

 re
ce

iv
ed

 su
rg

ic
al

 re
se

ct
io

n 
w

ith
 

ca
rm

us
tin

e 
(B

C
N

U
) w

af
er

s a
nd

 b
ev

ac
iz

um
ab

 o
r w

ith
ou

t B
C

N
U

 w
af

er
 a

nd
 

w
ith

ou
t b

ev
ac

iz
um

ab
Pa

tie
nt

 p
op

ul
at

io
n 

ne
w

ly
 d

ia
gn

os
ed

 G
B

M
 p

at
ie

nt
s (

n =
 54

) t
re

at
ed

 w
ith

 
re

se
ct

io
n 

an
d 

st
an

da
rd

 ra
di

oc
he

m
ot

he
ra

py
 w

ith
 (T

M
Z,

St
up

p 
Re

gi
m

en
) 

G
ro

up
s:

1.
 B

C
N

U
 w

af
er

 a
nd

 b
ev

ac
iz

um
ab

 tr
ea

te
d 

be
tw

ee
n 

20
13

–2
01

6 
n =

 29
;

2.
 n

o 
B

C
N

U
 w

af
er

 a
nd

 n
o 

be
va

ci
zu

m
ab

 tr
ea

te
d 

be
tw

ee
n 

20
10

–2
01

2 
n =

 25
Th

er
e 

w
er

e 
no

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s i
n 

ag
e,

 se
x,

 K
ar

no
fs

ky
 P

er
fo

rm
an

ce
 

St
at

us
 o

n 
ad

m
is

si
on

, i
so

ci
tra

te
 d

eh
yd

ro
ge

na
se

 1
/2

 m
ut

at
io

n 
ra

tio
, o

r r
es

ec
-

tio
n 

ra
te

 b
et

w
ee

n 
th

e 
co

m
bi

ne
d 

an
d 

st
an

da
rd

 th
er

ap
y 

gr
ou

ps

II
I

Re
su

lts
Pr

og
re

ss
io

n-
fr

ee
 su

rv
iv

al
B

C
N

U
 w

af
er

 +
 be

va
ci

zu
m

ab
 g

ro
up

: 1
6.

8 
m

on
th

s
N

o 
B

C
N

U
 w

af
er

 a
nd

 n
o 

be
va

ci
zu

m
ab

 g
ro

up
: 7

.3
 m

on
th

s
(p

 =
 0.

00
9)

M
ed

ia
n 

ov
er

al
l s

ur
vi

va
l

B
C

N
U

 w
af

er
 +

 be
va

ci
zu

m
ab

 g
ro

up
: 2

4.
2 

m
on

th
s

N
o 

B
C

N
U

 w
af

er
 a

nd
 n

o 
be

va
ci

zu
m

ab
 g

ro
up

: 1
5.

3 
m

on
th

s
(p

 =
 0.

02
7)

To
xi

ci
ty

O
ve

ra
ll,

 th
e 

in
ci

de
nc

e 
of

 a
dv

er
se

 e
ve

nt
s l

ea
di

ng
 to

 d
is

co
nt

in
ua

tio
n 

of
 th

e 
stu

dy
 d

ru
g 

w
as

 si
m

ila
r b

et
w

ee
n 

th
e 

tre
at

m
en

t g
ro

up
s, 

ex
ce

pt
 fo

r i
nf

ec
tio

n,
 

w
hi

ch
 w

as
 m

or
e 

co
m

m
on

 in
 th

e 
co

m
bi

ne
d 

tre
at

m
en

t g
ro

up
 a

nd
 re

qu
ire

d 
re

pe
at

 su
rg

er
y

Au
th

or
’s

 c
on

cl
us

io
ns

“T
he

 c
om

bi
ne

d 
th

er
ap

y 
sh

ow
ed

 h
ig

he
r e

ffi
ca

cy
 c

om
pa

re
d 

w
ith

 st
an

da
rd

 
th

er
ap

y 
in

 p
at

ie
nt

s w
ith

 G
B

M
. T

he
re

fo
re

, c
om

bi
ne

d 
th

er
ap

y 
se

em
s t

o 
be

 
eff

ec
tiv

e 
w

ith
 a

n 
ac

ce
pt

ab
le

 to
xi

ci
ty

 p
ro

fil
e”

Co
m

m
en

ts 
an

d 
co

nc
lu

sio
ns

C
la

ss
ifi

ed
 a

s C
la

ss
 II

I b
ec

au
se

 st
ud

y 
is

 a
 re

tro
sp

ec
tiv

e 
stu

dy
. T

he
 st

ud
y 

an
d 

its
 c

on
cl

us
io

ns
 h

av
e 

si
gn

ifi
ca

nt
 li

m
ita

tio
ns

. T
he

 p
at

ie
nt

s t
ha

t a
re

 b
ei

ng
 

co
m

pa
re

d 
ar

e 
fro

m
 tw

o 
se

pa
ra

te
 tr

ea
tm

en
t e

ra
s 2

01
0–

20
12

 a
nd

 2
01

3–
20

16
 

w
hi

ch
 li

m
its

 d
ire

ct
 c

om
pa

ris
on

s o
f r

es
ul

ts
. T

he
 c

om
bi

na
tio

n 
of

 B
C

N
U

 
w

af
er

s w
ith

 b
ev

ac
iz

um
ab

 is
 c

om
pa

re
d 

to
 tr

ea
tm

en
t w

ith
 n

ei
th

er
 B

C
N

U
 

w
af

er
s a

nd
 b

ev
ac

iz
um

ab
, w

hi
ch

 li
m

its
 d

ire
ct

 c
om

pa
ris

on
 o

f e
ith

er
 tr

ea
t-

m
en

t. 
Th

e 
pa

tie
nt

s w
ho

 h
ad

 th
e 

co
m

bi
ne

d 
tre

at
m

en
t h

ad
 in

cr
ea

se
d 

ra
te

 o
f 

re
pe

at
 su

rg
er

y 
w

hi
ch

 a
ls

o 
lim

its
 d

ire
ct

 c
om

pa
ris

on
 o

f r
es

ul
ts



185Journal of Neuro-Oncology (2020) 150:165–213	

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

Ro
ux

et
 a

l. 
(2

01
7)

St
ud

y 
de

sc
ri

pt
io

n 
Si

ng
le

 c
en

te
r r

et
ro

sp
ec

tiv
e 

stu
dy

 in
cl

ud
in

g 
34

0 
co

ns
ec

u-
tiv

e 
ad

ul
t p

at
ie

nt
s w

ith
 a

 n
ew

ly
 d

ia
gn

os
ed

 su
pr

at
en

to
ria

l g
lio

bl
as

to
m

a 
w

ho
 

un
de

rw
en

t s
ur

gi
ca

l r
es

ec
tio

n 
w

ith
 (n

 =
 12

3)
 o

r w
ith

ou
t (

n =
 21

7)
 B

C
N

U
 

w
af

er
 im

pl
an

ta
tio

n 
as

 fi
rs

t-l
in

e 
on

co
lo

gi
ca

l t
re

at
m

en
t

Pa
tie

nt
 p

op
ul

at
io

n 
ne

w
ly

 d
ia

gn
os

ed
 G

B
M

 p
at

ie
nt

s (
n =

 34
0)

 tr
ea

te
d 

w
ith

 
re

se
ct

io
n 

G
ro

up
s:

1.
 B

C
N

U
 w

af
er

 n
 =

 12
3;

2.
 n

o 
B

C
N

U
 w

af
er

 n
 =

 21
7

II
I

Re
su

lts
Pr

og
re

ss
io

n 
fr

ee
 su

rv
iv

al
B

C
N

U
 w

af
er

 +
 su

bt
ot

al
/to

ta
l r

es
ec

tio
n 

(>
 90

%
): 

11
.9

 m
on

th
s (

95
%

C
I 

8.
1–

12
.5

)
su

bt
ot

al
/to

ta
l r

es
ec

tio
n:

 1
0.

0 
m

on
th

s (
95

%
 C

I 7
.0

–1
1.

5)
B

C
N

U
 w

af
er

 +
 pa

rti
al

 re
se

ct
io

n 
(<

 90
%

): 
9.

0 
m

on
th

s (
95

%
 C

I 7
.0

–1
2.

0)
Pa

rti
al

 re
se

ct
io

n:
 6

.5
 m

on
th

s (
95

%
 C

I 5
.0

–7
.9

)
O

ve
ra

ll 
Su

rv
iv

al
B

C
N

U
 w

af
er

 +
 su

bt
ot

al
/to

ta
l r

es
ec

tio
n 

(>
 90

%
): 

22
.5

 m
on

th
s (

95
%

 C
I 

21
.0

–3
1.

0)
su

bt
ot

al
/to

ta
l r

es
ec

tio
n:

 2
0.

5 
m

on
th

s (
95

%
 C

I 1
7.

0–
33

.0
)

B
C

N
U

 w
af

er
 +

 pa
rti

al
 re

se
ct

io
n 

(<
 90

%
): 

18
.0

 m
on

th
s (

95
%

 C
I 1

6.
0–

25
.5

)
Pa

rti
al

 re
se

ct
io

n:
 1

2.
0 

m
on

th
s (

95
%

 C
I 9

.0
–1

5.
0)

A
dj

us
te

d 
H

az
ar

d 
R

at
io

 (a
H

R
)

B
C

N
U

 w
af

er
 im

pl
an

ta
tio

n 
PF

S 
0.

74
 [9

5%
 C

I 0
.5

5–
0.

99
], 

p =
 0.

04
3

O
S 

0.
69

 [9
5%

 C
I 0

.4
9–

0.
96

], 
p =

 0.
02

9
Su

bt
ot

al
 a

nd
 to

ta
l r

es
ec

tio
n 

PF
S 

0.
70

 [9
5%

 C
I 0

.5
4–

0.
91

], 
p =

 0.
00

9
O

S 
0.

52
 [9

5%
 C

I 0
.3

8–
0.

70
], 

p <
 0.

00
1

St
an

da
rd

 c
om

bi
ne

d 
ch

em
or

ad
io

th
er

ap
y 

PF
S 

0.
40

 [9
5%

 C
I 0

.2
9–

0.
55

], 
p <

 0.
00

1
O

S 
0.

58
 [9

5%
 C

I 0
.4

2–
0.

81
], 

p =
 0.

00
2

To
xi

ci
ty

“C
ar

m
us

tin
e 

w
af

er
 im

pl
an

ta
tio

n 
an

d 
ex

te
nt

 o
f r

es
ec

tio
n 

di
d 

no
t s

ig
ni

fic
an

tly
 

in
cr

ea
se

 p
os

to
pe

ra
tiv

e 
co

m
pl

ic
at

io
ns

, i
nc

lu
di

ng
 p

os
to

pe
ra

tiv
e 

in
fe

ct
io

ns
 

(p
 =

 0.
26

9,
 a

nd
 p

 =
 0.

44
6,

 re
sp

ec
tiv

el
y.

 C
ar

m
us

tin
e 

w
af

er
 im

pl
an

ta
tio

n 
an

d 
ex

te
nt

 o
f r

es
ec

tio
n 

di
d 

no
t s

ig
ni

fic
an

tly
 in

cr
ea

se
 a

dv
er

se
 e

ve
nt

s d
ur

in
g 

ad
ju

-
va

nt
 o

nc
ol

og
ic

al
 th

er
ap

ie
s (

p =
 0.

96
8,

 a
nd

 p
 =

 0.
57

1,
 re

sp
ec

tiv
el

y)
”

Au
th

or
’s

 c
on

cl
us

io
ns

“C
ar

m
us

tin
e 

w
af

er
 im

pl
an

ta
tio

n 
in

 c
om

bi
na

tio
n 

w
ith

 m
ax

im
al

 re
se

ct
io

n,
 

fo
llo

w
ed

 b
y 

st
an

da
rd

 c
om

bi
ne

d 
ch

em
or

ad
io

th
er

ap
y 

is
 sa

fe
, e

ffi
ci

en
t, 

an
d 

w
el

l-t
ol

er
at

ed
 in

 n
ew

ly
 d

ia
gn

os
ed

 su
pr

at
en

to
ria

l g
lio

bl
as

to
m

as
 in

 a
du

lts
Co

m
m

en
ts 

an
d 

co
nc

lu
sio

ns
C

la
ss

ifi
ed

 a
s C

la
ss

 II
I b

ec
au

se
 st

ud
y 

is
 a

 re
tro

sp
ec

tiv
e 

stu
dy

. T
he

 st
ud

y 
an

d 
its

 c
on

cl
us

io
ns

 h
av

e 
si

gn
ifi

ca
nt

 li
m

ita
tio

ns
. A

s t
he

 a
ut

ho
rs

 n
ot

e,
 th

e 
stu

dy
 

w
as

 re
tro

sp
ec

tiv
e 

an
d 

th
e 

pa
tie

nt
s w

er
e 

no
t r

an
do

m
ly

 a
ss

ig
ne

d,
 w

hi
ch

 c
an

 
“i

nd
uc

e 
bi

as
 in

 th
e 

pa
tie

nt
 se

le
ct

io
n”

. T
he

 a
ut

ho
rs

 a
ls

o 
no

te
 th

at
 c

er
ta

in
 b

io
-

m
ar

ke
rs

 su
ch

 a
s M

G
M

T 
m

et
hy

la
tio

n 
w

er
e 

no
t a

ss
es

se
d 

in
 th

e 
da

ta
se

t a
nd

, 
th

er
ef

or
e,

 d
iff

er
en

ce
s i

n 
gr

ou
ps

 c
an

no
t b

e 
de

fin
iti

ve
ly

 a
ttr

ib
ut

ed
 to

 th
er

ap
y 

gi
ve

n 
th

e 
kn

ow
n 

be
ne

fit
 o

f M
G

M
T 

m
et

hy
la

tio
n.

 T
he

 st
ud

y 
do

es
 h

ig
hl

ig
ht

 
th

e 
be

ne
fit

 o
f e

xt
en

t o
f r

es
ec

tio
n 

an
d 

co
m

bi
ne

d 
ch

em
or

ad
ia

tio
n



186	 Journal of Neuro-Oncology (2020) 150:165–213

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

Sa
lm

ag
gi

et
 a

l. 
(2

01
3)

St
ud

y 
de

sc
ri

pt
io

n 
Si

ng
le

 in
sti

tu
tio

n 
pr

os
pe

ct
iv

e 
stu

dy
 o

f c
ar

m
us

tin
e 

(B
C

N
U

) w
af

er
s i

n 
co

m
bi

na
tio

n 
w

ith
 6

-m
on

th
 m

et
ro

no
m

ic
 te

m
oz

ol
om

id
e 

an
d 

ra
di

at
io

n 
th

er
ap

y 
in

 n
ew

ly
 d

ia
gn

os
ed

 g
lio

bl
as

to
m

a 
pa

tie
nt

s
Pa

tie
nt

 p
op

ul
at

io
n 

G
B

M
 p

at
ie

nt
s (

n =
 35

)
-n

ew
ly

 d
ia

gn
os

ed
 G

B
M

 p
at

ie
nt

s
- K

PS
 >

 70
Tr

ea
tm

en
t r

eg
im

en
Su

rg
er

y:
 n

ew
ly

 d
ia

gn
os

ed
 G

B
M

 p
at

ie
nt

s (
G

TR
 2

5/
35

)
R

ad
ia

tio
n:

 to
ta

l o
f ~

 60
 G

y
C

he
m

ot
he

ra
py

: T
em

oz
ol

om
id

e

II
I

Re
su

lts
Pr

og
re

ss
io

n-
fr

ee
 su

rv
iv

al
M

ed
ia

n 
tim

e 
to

 tu
m

or
 p

ro
gr

es
si

on
 w

as
 1

2.
5 

m
on

th
s

M
ed

ia
n 

ov
er

al
l s

ur
vi

va
l

M
ed

ia
n 

su
rv

iv
al

 w
as

 1
7.

8 
m

on
th

s
Th

e 
on

ly
 fa

ct
or

 si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 lo
ng

er
 su

rv
iv

al
 w

as
 g

ro
ss

 to
ta

l 
tu

m
or

 re
m

ov
al

To
xi

ci
ty

7 
pt

s n
ee

de
d 

to
 st

op
 te

m
oz

ol
om

id
e 

th
er

ap
y 

du
e 

to
 to

xi
ci

ty
 (c

au
se

s i
nc

lu
de

d 
G

ra
de

 4
 th

ro
m

bo
cy

to
pe

ni
a,

 le
uk

op
en

ia
, l

iv
er

 to
xi

ci
ty

, n
ep

hr
ot

ox
ic

ity
), 

1 
pt

 
di

ed
 fr

om
 L

eg
io

ne
lla

 p
ne

um
on

ia
,1

 p
t t

re
at

ed
 fo

r p
re

su
m

ed
 b

ra
in

 a
bs

ce
ss

, 4
 

ca
se

s o
f D

V
T/

PE
Au

th
or

’s
 c

on
cl

us
io

ns
“P

FS
 a

t 1
2 

m
on

th
s i

n 
th

is
 st

ud
y 

co
m

pa
re

s f
av

or
ab

ly
 w

ith
 d

at
a 

pr
es

en
t i

n 
th

e 
lit

er
at

ur
e 

co
nc

er
ni

ng
 si

ng
le

-tr
ea

tm
en

t m
od

al
iti

es
, a

lth
ou

gh
 th

e 
re

su
lts

 fo
r 

su
rv

iv
al

 a
re

 le
ss

 c
on

vi
nc

in
g”

Co
m

m
en

ts 
an

d 
co

nc
lu

sio
ns

C
la

ss
ifi

ed
 a

s C
la

ss
 II

I b
ec

au
se

 st
ud

y 
is

 a
 p

ro
sp

ec
tiv

e 
no

nr
an

do
m

iz
ed

 si
ng

le
 

ar
m

 st
ud

y.
 S

tu
dy

 sh
ow

ed
 n

o 
si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
su

rv
iv

al
 w

ith
 p

os
-

si
bl

y 
sl

ig
ht

 im
pr

ov
em

en
t i

n 
PF

S



187Journal of Neuro-Oncology (2020) 150:165–213	

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

D
e 

B
on

is
et

 a
l. 

(2
01

2)
St

ud
y 

de
sc

ri
pt

io
n 

si
ng

le
 in

sti
tu

tio
n,

 re
tro

sp
ec

tiv
e 

as
se

ss
m

en
t o

f t
he

ra
py

 fo
r 

ne
w

ly
 d

ia
gn

os
ed

 a
nd

 re
cu

rr
en

t G
B

M
 p

at
ie

nt
s w

ho
 re

ce
iv

ed
 su

rg
ic

al
 re

se
c-

tio
n 

w
ith

 a
nd

 w
ith

ou
t c

ar
m

us
tin

e 
(B

C
N

U
) w

af
er

s
Pa

tie
nt

 p
op

ul
at

io
n 

G
B

M
 p

at
ie

nt
s (

n =
 16

5)
- n

ew
ly

 d
ia

gn
os

ed
 G

B
M

 p
at

ie
nt

s 
(n

 =
 77

, B
C

N
U

 w
af

er
 tr

ea
te

d 
n =

 19
) a

nd
 re

cu
rr

en
t G

B
M

 p
at

ie
nt

s (
n =

 88
, 

B
C

N
U

 w
af

er
 tr

ea
te

d 
n =

 28
)

Tr
ea

tm
en

t r
eg

im
en

Su
rg

er
y:

 n
ew

ly
 d

ia
gn

os
ed

 G
B

M
 p

at
ie

nt
s (

G
TR

 4
2/

77
); 

re
cu

rr
en

t G
B

M
 

pa
tie

nt
s (

G
TR

 6
6/

88
)

R
ad

ia
tio

n 
an

d 
C

he
m

ot
he

ra
py

:
ne

w
ly

 d
ia

gn
os

ed
 G

B
M

 p
at

ie
nt

s
R

ad
ia

tio
n:

 to
ta

l o
f ~

 60
 G

y
C

he
m

ot
he

ra
py

: T
em

oz
ol

om
id

e
Re

cu
rr

en
t G

B
M

 p
at

ie
nt

s:
 p

re
vi

ou
sly

 h
ad

 u
nd

er
go

ne
 c

he
m

o-
ra

di
at

io
n

*1
3 

ne
w

ly
 d

ia
gn

os
ed

 G
B

M
 p

ts
 a

nd
 8

 re
cu

rr
en

t G
B

M
 p

ts
 d

id
 n

ot
 re

ce
iv

e 
st

an
da

rd
 c

he
m

ot
he

ra
py

 (s
ur

ge
ry

 a
lo

ne
 o

r d
iff

er
en

t c
he

m
o 

re
gi

m
en

)

II
I

Re
su

lts
M

ed
ia

n 
ov

er
al

l s
ur

vi
va

l
N

ew
ly

 d
ia

gn
os

ed
 G

B
M

 p
ts

B
C

N
U

 w
af

er
 g

ro
up

: 1
4 

m
on

th
s (

95
%

 C
I 8

–1
8 

m
on

th
s)

N
o 

B
C

N
U

 w
af

er
 g

ro
up

: 1
1 

m
on

th
s (

95
%

 C
I 8

–1
4 

m
on

th
s)

Re
cu

rr
en

t G
B

M
 p

ts
B

C
N

U
 w

af
er

 g
ro

up
: 6

 m
on

th
s (

95
%

 C
I 4

–8
 m

on
th

s)
N

o 
B

C
N

U
 w

af
er

 g
ro

up
: 9

 m
on

th
s (

95
%

 C
I 7

–1
1 

m
on

th
s)

Th
e 

on
ly

 fa
ct

or
 si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 lo

ng
er

 su
rv

iv
al

 w
as

 g
ro

ss
 to

ta
l 

tu
m

or
 re

m
ov

al
To

xi
ci

ty
Pa

tie
nt

s w
ith

 a
 h

ig
he

r n
um

be
r o

f w
af

er
s i

m
pl

an
te

d 
an

d 
pa

tie
nt

s w
ith

 re
cu

r-
re

nt
 tu

m
or

s w
er

e 
si

gn
ifi

ca
nt

ly
 a

t r
is

k 
fo

r a
dv

er
se

 e
ffe

ct
s. 

Pa
tie

nt
s w

ith
 e

ig
ht

 
G

lia
de

l w
af

er
s i

m
pl

an
te

d 
ha

d 
a 

th
re

ef
ol

d 
in

cr
ea

se
d 

ris
k 

of
 a

dv
er

se
 e

ffe
ct

s 
an

d 
a 

5.
6-

fo
ld

 in
cr

ea
se

d 
ris

k 
of

 im
pl

an
ta

tio
n 

si
te

-r
el

at
ed

 a
dv

er
se

 e
ffe

ct
s, 

an
d 

pa
tie

nt
s w

ith
 re

cu
rr

en
t t

um
or

 h
ad

 a
 2

.8
-fo

ld
 in

cr
ea

se
d 

ris
k 

of
 a

dv
er

se
 

eff
ec

ts
 a

nd
 a

 9
.3

-fo
ld

 in
cr

ea
se

d 
ris

k 
of

 im
pl

an
ta

tio
n 

si
te

-r
el

at
ed

 a
dv

er
se

 
eff

ec
ts

Au
th

or
’s

 c
on

cl
us

io
ns

“A
dd

in
g 

G
lia

de
l t

o 
st

an
da

rd
 tr

ea
tm

en
t d

id
 n

ot
 si

gn
ifi

ca
nt

ly
 im

pr
ov

e 
th

e 
ou

tc
om

e.
 T

he
 to

xi
ci

ty
 a

fte
r G

lia
de

l u
se

 w
as

 si
gn

ifi
ca

nt
ly

 h
ig

he
r, 

bo
th

 fo
r 

pa
tie

nt
s w

ith
 n

ew
ly

 d
ia

gn
os

ed
 a

nd
 p

at
ie

nt
s w

ith
 re

cu
rr

en
t g

lio
bl

as
to

m
a”

Co
m

m
en

ts 
an

d 
co

nc
lu

sio
ns

C
la

ss
ifi

ed
 a

s C
la

ss
 II

I b
ec

au
se

 st
ud

y 
is

 a
 re

tro
sp

ec
tiv

e 
no

nr
an

do
m

iz
ed

 re
vi

ew
. 

St
ud

y 
sh

ow
ed

 n
o 

si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
n 

su
rv

iv
al

 w
ith

 in
cr

ea
se

d 
ris

k 
fo

r a
dv

er
se

 e
ve

nt
s



188	 Journal of Neuro-Oncology (2020) 150:165–213

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

N
oë

le
t a

l. 
(2

01
2)

St
ud

y 
de

sc
ri

pt
io

n 
si

ng
le

 in
sti

tu
tio

n,
 re

tro
sp

ec
tiv

e 
as

se
ss

m
en

t o
f t

he
ra

py
 

W
H

O
 G

ra
de

 II
I o

r I
V

 g
lio

m
a 

pt
s w

ho
 re

ce
iv

ed
 su

rg
ic

al
 re

se
ct

io
n 

w
ith

 a
nd

 
w

ith
ou

t c
ar

m
us

tin
e 

(B
C

N
U

) w
af

er
s

Pa
tie

nt
 p

op
ul

at
io

n 
W

H
O

 G
ra

de
 II

I o
r I

V
 g

lio
m

a 
pt

s (
n =

 65
)

-B
C

N
U

 w
af

er
 tr

ea
te

d 
n =

 28
-2

0p
ts

 w
ith

 G
B

M
-8

pt
s w

ith
 W

H
O

 g
ra

de
 II

I g
lio

m
a

- n
on

 B
C

N
U

 w
af

er
 tr

ea
te

d 
n =

 37
-1

6p
ts

 w
ith

 G
B

M
-2

0p
ts

 w
ith

 W
H

O
 G

ra
de

 II
I

Tr
ea

tm
en

t r
eg

im
en

Su
rg

er
y:

 T
hr

ee
 g

ro
up

s:
m

ac
ro

sc
op

ic
al

ly
 c

om
pl

et
e 

re
se

ct
io

n 
in

 1
9 

ca
se

s (
31

%
)

-B
C

N
U

 w
af

er
 g

ro
up

- 1
0 

pt
s

-N
o 

B
C

N
U

 w
af

er
 g

ro
up

- 9
 p

ts
m

ac
ro

sc
op

ic
al

ly
 in

co
m

pl
et

e 
re

se
ct

io
n 

in
 3

6 
ca

se
s (

59
%

);
-B

C
N

U
 w

af
er

 g
ro

up
- 1

5 
pt

s
-N

o 
B

C
N

U
 w

af
er

 g
ro

up
- 2

1 
pt

s
la

rg
e 

re
se

ct
io

n 
bi

op
sy

 in
 6

 c
as

es
 (1

0%
)

-B
C

N
U

 w
af

er
 g

ro
up

- 1
 p

t
-N

o 
B

C
N

U
 w

af
er

 g
ro

up
- 5

 p
ts

4 
tu

m
or

 re
se

ct
io

ns
 c

ou
ld

 n
ot

 b
e 

cl
as

si
fie

d
R

ad
ia

tio
n 

an
d 

C
he

m
ot

he
ra

py
:

St
up

p 
pr

ot
oc

ol
 (6

0 
G

y 
ra

di
at

io
n 

w
ith

 T
M

Z)
R

ad
ia

tio
n:

D
os

e =
 60

 G
y

-B
C

N
U

 w
af

er
 g

ro
up

- 2
4 

pt
s

-N
o 

B
C

N
U

 w
af

er
 g

ro
up

- 3
0 

pt
s

D
os

e <
 60

 G
y

-B
C

N
U

 w
af

er
 g

ro
up

- 4
 p

ts
-N

o 
B

C
N

U
 w

af
er

 g
ro

up
- 7

 p
ts

C
he

m
ot

he
ra

py
:

Po
st 

RT
 T

M
Z

-B
C

N
U

 w
af

er
 g

ro
up

- 2
4 

pt
s

-N
o 

B
C

N
U

 w
af

er
 g

ro
up

- 3
2 

pt
s

N
o 

po
st 

RT
 T

M
Z

-B
C

N
U

 w
af

er
 g

ro
up

- 4
 p

ts
-N

o 
B

C
N

U
 w

af
er

 g
ro

up
- 5

 p
ts

II
I

Re
su

lts
M

ed
ia

n 
re

la
ps

e-
fr

ee
 su

rv
iv

al
B

C
N

U
 w

af
er

 g
ro

up
: 1

2.
9 

m
on

th
s

N
o 

B
C

N
U

 w
af

er
 g

ro
up

: 1
4 

m
on

th
s

(p
 =

 0.
89

)
M

ed
ia

n 
ov

er
al

l s
ur

vi
va

l
B

C
N

U
 w

af
er

 g
ro

up
: 2

0.
6 

m
on

th
s

N
o 

B
C

N
U

 w
af

er
 g

ro
up

: 2
0.

8 
m

on
th

s
G

B
M

 su
bs

et
B

C
N

U
 w

af
er

 g
ro

up
: 2

0.
8 

m
on

th
s

N
o 

B
C

N
U

 w
af

er
 g

ro
up

: 1
3.

8 
m

on
th

s
(p

 =
 0.

06
7)

To
xi

ci
ty

Fo
ur

 c
as

es
 o

f G
ra

de
 3

 th
ro

m
bo

cy
to

pe
ni

a 
oc

cu
rr

ed
, a

ll 
in

 th
e 

B
C

N
U

 w
af

er
 

gr
ou

p
Au

th
or

’s
 c

on
cl

us
io

ns
“A

dd
in

g 
G

lia
de

l t
o 

tre
at

m
en

t d
es

cr
ib

ed
 b

y 
St

up
p 

et
 a

l. 
do

es
 n

ot
 c

le
ar

ly
 

im
pr

ov
e 

th
e 

ou
tc

om
e 

of
 p

at
ie

nt
s;

 h
ow

ev
er

, a
 tr

en
d 

in
 O

S 
ap

pe
ar

ed
 fo

r 
pa

tie
nt

s w
ith

 g
lio

bl
as

to
m

a 
in

 fa
vo

r o
f t

he
 tr

ip
le

 a
ss

oc
ia

tio
n 

G
lia

de
l, 

te
m

o-
zo

lo
m

id
e,

 a
nd

 ra
di

ot
he

ra
py

. T
o 

da
te

, i
m

pl
an

ta
tio

n 
of

 G
lia

de
l w

af
er

s i
n 

th
e 

op
er

at
iv

e 
si

te
 d

oe
s n

ot
 a

pp
ea

r t
o 

be
 ju

sti
fie

d 
if 

th
e 

pa
tie

nt
 m

ay
 b

en
efi

t f
ro

m
 

te
m

oz
ol

om
id

e 
tre

at
m

en
t a

t a
 la

te
r t

im
e 

po
in

t”
Co

m
m

en
ts 

an
d 

co
nc

lu
sio

ns
C

la
ss

ifi
ed

 a
s C

la
ss

 II
I b

ec
au

se
 st

ud
y 

is
 a

 re
tro

sp
ec

tiv
e 

stu
dy

. A
 tr

en
d 

in
 p

os
si

-
bl

e 
im

pr
ov

em
en

t i
n 

ov
er

al
l s

ur
vi

va
l i

n 
G

B
M

 p
ts

 n
ee

ds
 to

 ta
ke

 in
 c

on
si

de
ra

-
tio

n 
th

at
 5

pt
s i

n 
th

e 
no

-B
C

N
U

 w
af

er
 g

ro
up

 o
nl

y 
ha

d 
bi

op
sy

 w
hi

le
 o

nl
y 

1p
t 

in
 th

e 
B

C
N

U
 w

af
er

 g
ro

up
 u

nd
er

w
en

t b
io

ps
y.

 In
 u

ni
va

ria
te

 a
na

ly
si

s q
ua

lit
y 

of
 su

rg
ic

al
 re

m
ov

al
 (p

 =
 0.

03
) w

as
 p

ro
gn

os
tic

 fa
ct

or
 o

f O
S



189Journal of Neuro-Oncology (2020) 150:165–213	

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

C
ha

ic
ha

na
et

 a
l. 

(2
01

1)
St

ud
y 

de
sc

ri
pt

io
n 

si
ng

le
 in

sti
tu

tio
n,

 re
tro

sp
ec

tiv
e 

as
se

ss
m

en
t o

f t
he

ra
py

 
fo

r n
ew

ly
 d

ia
gn

os
ed

 G
B

M
 p

at
ie

nt
s a

ge
d 

65
 y

ea
rs

 a
nd

 o
ld

er
 w

ho
 re

ce
iv

ed
 

su
rg

ic
al

 re
se

ct
io

n 
w

ith
 a

nd
 w

ith
ou

t c
ar

m
us

tin
e 

(B
C

N
U

) w
af

er
s

Pa
tie

nt
 p

op
ul

at
io

n 
G

B
M

 p
at

ie
nt

s a
ge

d 
65

 y
ea

rs
 a

nd
 o

ld
er

 (n
 =

 13
3)

 w
ith

 
(B

C
N

U
 w

af
er

 tr
ea

te
d 

n =
 57

)
45

 o
f t

he
 p

at
ie

nt
s w

ith
 B

C
N

U
 w

af
er

 im
pl

an
ta

tio
n 

w
er

e 
m

at
ch

ed
 w

ith
 4

5 
pt

s 
w

ith
ou

t B
C

N
U

 w
af

er
 im

pl
an

ta
tio

n 
(m

at
ch

in
g 

fa
ct

or
s-

 a
ge

, K
PS

, e
lo

qu
en

t 
co

rte
x 

in
vo

lv
em

en
t, 

ex
te

nt
 o

f r
es

ec
tio

n,
 p

os
to

p 
ra

di
at

io
n,

 p
os

to
p 

te
m

oz
o-

lo
m

id
e)

Tr
ea

tm
en

t r
eg

im
en

Su
rg

er
y:

 G
TR

 (3
8/

45
) p

ts
R

ad
ia

tio
n 

an
d 

C
he

m
ot

he
ra

py
:

ne
w

ly
 d

ia
gn

os
ed

 G
B

M
 p

at
ie

nt
s

C
he

m
ot

he
ra

py
:

O
nl

y 
6/

45
 p

ts
 re

ce
iv

ed
 te

m
oz

ol
om

id
e

R
ad

ia
tio

n:
O

nl
y 

40
/4

5 
re

ce
iv

ed
 ra

di
at

io
n 

th
er

ap
y

II
I

Re
su

lts
M

ed
ia

n 
ov

er
al

l s
ur

vi
va

l
B

C
N

U
 w

af
er

 g
ro

up
: 8

.7
 m

on
th

s
N

o 
B

C
N

U
 w

af
er

 g
ro

up
: 5

.5
 m

on
th

s
(p

 =
 0.

00
7)

Su
bs

et
 o

f p
ts

 o
ld

er
 th

an
 7

0 
ye

ar
s

B
C

N
U

 w
af

er
 g

ro
up

: 9
.1

 m
on

th
s

N
o 

B
C

N
U

 w
af

er
 g

ro
up

: 4
.8

 m
on

th
s

(p
 =

 0.
00

7)
To

xi
ci

ty
Si

m
ila

r p
er

i-o
pe

ra
tiv

e 
m

or
bi

di
ty

 in
 b

ot
h 

gr
ou

ps
 in

cl
ud

in
g:

1/
45

 p
ts

 d
ev

el
op

in
g 

ce
re

br
al

 e
de

m
a 

an
d 

2/
45

 p
ts

 d
ev

el
op

in
g 

su
rg

ic
al

 si
te

 
in

fe
ct

io
n 

in
 B

C
N

U
 w

af
er

 im
pl

an
ta

tio
n 

gr
ou

p
0/

45
 p

ts
 d

ev
el

op
in

g 
ce

re
br

al
 e

de
m

a 
an

d 
1/

45
 p

ts
 d

ev
el

op
in

g 
su

rg
ic

al
 si

te
 

in
fe

ct
io

n 
in

 n
on

-B
C

N
U

 w
af

er
 im

pl
an

ta
tio

n 
gr

ou
p

Au
th

or
’s

 c
on

cl
us

io
ns

“T
he

 p
re

se
nt

 st
ud

y 
pr

ov
id

es
 se

ve
ra

l u
se

fu
l i

ns
ig

ht
s f

or
 o

ld
er

 p
at

ie
nt

s w
ith

 
G

B
M

. F
irs

t, 
th

e 
us

e 
of

 c
ar

m
us

tin
e 

w
af

er
s i

n 
th

es
e 

pa
tie

nt
s d

oe
s n

ot
 in

cr
ea

se
 

pe
ri-

op
er

at
iv

e 
m

or
bi

di
ty

 a
nd

 m
or

ta
lit

y.
 S

ec
on

d,
 th

e 
us

e 
of

 c
ar

m
us

tin
e 

w
af

er
s i

s n
ea

rly
 a

s e
ffi

ca
ci

ou
s i

n 
pr

ol
on

gi
ng

 su
rv

iv
al

 fo
r o

ld
er

 p
at

ie
nt

s w
ith

 
G

B
M

 a
s i

t i
s w

ith
 y

ou
ng

er
 p

at
ie

nt
s w

ith
 G

B
M

”
Co

m
m

en
ts 

an
d 

co
nc

lu
sio

ns
C

la
ss

ifi
ed

 a
s C

la
ss

 II
I b

ec
au

se
 st

ud
y 

is
 a

 re
tro

sp
ec

tiv
e 

ca
se

–c
on

tro
l s

tu
dy

. 
St

ud
y 

sh
ow

ed
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
su

rv
iv

al
 in

 p
at

ie
nt

s 
ol

de
r t

ha
n 

65
 y

ea
rs

 o
ld

 w
ho

 u
nd

er
w

en
t s

ur
gi

ca
l r

es
ec

tio
n 

w
ith

 B
C

N
U

 w
af

er
 

pl
ac

em
en

t, 
ho

w
ev

er
, s

tu
dy

 is
 li

m
ite

d 
in

 te
rm

s o
f u

nd
er

st
an

di
ng

 e
ffi

ca
cy

 
w

ith
 o

nl
y 

6/
45

 p
ts

 re
ce

iv
in

g 
te

m
oz

ol
om

id
e 

in
 e

ith
er

 g
ro

up



190	 Journal of Neuro-Oncology (2020) 150:165–213

1 3

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r (

Ye
ar

)
D

es
cr

ip
tio

n 
of

 S
tu

dy
D

at
a 

C
la

ss
C

on
cl

us
io

ns

A
ffr

on
tie

t a
l. 

(2
00

9)
St

ud
y 

de
sc

ri
pt

io
n 

si
ng

le
 in

sti
tu

tio
n,

 re
tro

sp
ec

tiv
e 

as
se

ss
m

en
t o

f t
he

ra
py

 fo
r 

ne
w

ly
 d

ia
gn

os
ed

 G
B

M
 p

at
ie

nt
s w

ho
 re

ce
iv

ed
 su

rg
ic

al
 re

se
ct

io
n 

w
ith

 a
nd

 
w

ith
ou

t c
ar

m
us

tin
e 

(B
C

N
U

) w
af

er
s f

ol
lo

w
ed

 b
y 

RT
 a

nd
 c

on
cu

rr
en

t T
M

Z 
pl

us
 ro

ta
tio

na
l c

he
m

ot
he

ra
py

Pa
tie

nt
 p

op
ul

at
io

n 
G

B
M

 p
at

ie
nt

s (
n =

 85
). 

36
 in

 B
C

N
U

 w
af

er
 g

ro
up

 a
nd

 4
9 

w
ith

 n
o 

B
C

N
U

 w
af

er
 im

pl
an

ta
tio

n
Tr

ea
tm

en
t r

eg
im

en
Su

rg
er

y 
at

 in
iti

al
 d

ia
gn

os
is

: a
ll 

pt
s (

G
TR

 6
5%

 in
 n

o 
B

C
N

U
 w

af
er

 g
ro

up
, 

69
%

 in
 B

C
N

U
 w

af
er

 g
ro

up
)

R
ad

ia
tio

n 
an

d 
C

he
m

ot
he

ra
py

: a
ll 

pt
s

R
ad

ia
tio

n:
 to

ta
l o

f 6
0 

G
y

C
he

m
ot

he
ra

py
-c

on
cu

rr
en

t t
em

oz
ol

om
id

e 
pl

us
 ro

ta
tio

na
l m

ul
tia

ge
nt

 c
he

m
o-

th
er

ap
y 

(te
m

oz
ol

om
id

e,
 c

ar
m

us
tin

e,
 ir

in
ot

ec
an

)

II
I

Re
su

lts
M

ed
ia

n 
ov

er
al

l s
ur

vi
va

l
B

C
N

U
 w

af
er

 g
ro

up
: 8

9.
5 

w
ee

ks
N

o 
B

C
N

U
 w

af
er

 g
ro

up
: 7

2.
7 

w
ee

k
B

C
N

U
 w

af
er

 g
ro

up
: 1

 y
ea

r s
ur

vi
va

l: 
81

%
; 2

 y
ea

r s
ur

vi
va

l: 
47

%
N

o 
B

C
N

U
 w

af
er

 g
ro

up
: 1

 y
ea

r s
ur

vi
va

l: 
69

%
; 2

 y
ea

r s
ur

vi
va

l: 
29

%
B

C
N

U
 w

af
er

 w
as

 n
ot

 a
n 

in
de

pe
nd

en
t p

re
di

ct
or

 (P
 =

 0.
11

0)
 o

f s
ur

vi
va

l a
fte

r 
ad

ju
stm

en
t f

or
 R

PA
 c

la
ss

Th
e 

pr
op

or
tio

n 
of

 p
at

ie
nt

s i
n 

th
e 

B
C

N
U

 w
af

er
 c

oh
or

t w
ho

 li
ve

d 
lo

ng
er

 
th

an
 p

re
di

ct
ed

 b
as

ed
 u

po
n 

St
up

p 
re

gi
m

en
 re

su
lts

 w
as

 si
gn

ifi
ca

nt
ly

 g
re

at
er

 
th

an
 0

.5
 (P

 <
 0.

00
6)

; s
im

ila
r r

es
ul

ts
 b

as
ed

 u
po

n 
th

e 
RT

O
G

 tr
ia

l d
at

a 
w

er
e 

ob
se

rv
ed

 (P
 <

 0.
00

1)
To

xi
ci

ty
G

ra
de

 3
 a

nd
 4

 h
em

at
ol

og
ic

 to
xi

ci
ty

: 3
1%

 in
 B

C
N

U
 w

af
er

 g
ro

up
 a

nd
 1

6%
 in

 
no

 B
C

N
U

 w
af

er
 g

ro
up

Au
th

or
’s

 c
on

cl
us

io
ns

“A
lth

ou
gh

 n
ot

 st
at

ist
ic

al
ly

 si
gn

ifi
ca

nt
, t

he
se

 d
at

a 
su

gg
es

t t
ha

t t
he

 in
cl

us
io

n 
of

 c
ar

m
us

tin
e 

w
af

er
s i

n 
a 

tre
at

m
en

t r
eg

im
en

 in
vo

lv
in

g 
ro

ta
tio

na
l c

he
m

o-
th

er
ap

y 
m

ay
 b

e 
of

 b
en

efi
t”

Co
m

m
en

ts 
an

d 
co

nc
lu

sio
ns

C
la

ss
ifi

ed
 a

s C
la

ss
 II

I b
ec

au
se

 is
 a

 re
tro

sp
ec

tiv
e 

re
vi

ew
. T

he
 sm

al
l s

am
pl

e 
si

ze
 a

nd
 h

en
ce

 lo
w

 p
ow

er
 m

ay
 h

av
e 

co
nt

rib
ut

ed
 to

 th
e 

la
ck

 o
f s

ta
tis

tic
al

 
si

gn
ifi

ca
nc

e



191Journal of Neuro-Oncology (2020) 150:165–213	

1 3

only while 1 patient in the BCNU wafer group underwent 
biopsy only. This difference makes it difficult to conclude 
a positive trend in outcome with the use of BCNU wafers 
especially given their own univariate analysis of the quality 
of surgical removal (p = 0.03) which was a prognostic factor 
in overall survival. In another single institution, retrospec-
tive study by Akiyama et al. [32], therapy for newly diag-
nosed GBM patients who received surgical resection with 
BCNU wafers and bevacizumab or without BCNU wafer 
and without bevacizumab was examined. The study showed 
that patients who underwent BCNU wafer + bevacizumab 
group compared to no BCNU wafer and no bevacizumab 
group had significant benefit in PFS and OS (16.8 months 
vs. 7.3 months, p = 0.009; and 24.2 months vs. 15.3 months, 
p = 0.027). The study and its conclusions have significant 
limitations. The patients that are being compared are from 
two separate treatment eras 2010–2012 (no BCNU wafer) 
and 2013–2016 (BCNU wafer) which limits direct com-
parisons of results. The combination of BCNU wafers with 
bevacizumab is compared to treatment with neither BCNU 
wafers and bevacizumab, which limits direct comparison of 
either treatment. Roux et. al [33] also found benefit and rela-
tive safety of BCNU wafer compared to standard therapy 
without wafer, however, again this study was single institu-
tion retrospective study with potential selection bias.

In the prior guidelines publication in 2008 [1], the rec-
ommendation for the use of BCNU biodegradable wafers 
referenced two prospective studies [34, 35] which were 
randomized placebo controlled trials examining the effi-
cacy of BCNU wafers in an era prior to the establishment 
of systemic TMZ as standard therapy. Both studies sug-
gested a benefit from using BCNU wafers as locoregional 
chemotherapy.

The previous guideline detailed level II recommendations 
for the use BCNU wafers. Since then, concomitant temozo-
lomide and radiation therapy (Stupp Protocol) has become 
the standard of care supported by level I evidence. The seven 
level III studies have not provided sufficient evidence that 
demonstrates significant improvement in overall survival 
or progression free survival to support the use of BCNU 
wafers. Additional studies of higher quality are required to 
understand the role of BCNU wafer and other locoregional 
therapy in the setting of Stupp Protocol are necessary.

What is the role of adjuvant bevacizumab (Avastin) 
in patients with newly diagnosed GBM?

Two Class I studies [8, 36] and 9 Class III studies [37–45] 
met our inclusion criteria to examine the benefit of adju-
vant bevacizumab use in patients with GBM (Table 4). Both 
Class I studies (16,35) found no overall survival benefit in 
patients treated with adjuvant bevacizumab. In a multi-
center, prospective randomized double-blind phase III trial 

examining the efficacy of bevacizumab added to standard 
therapy with RT/TMZ for the treatment of newly diagnosed 
GBM, Chinot et al. [36] found that the addition of adjuvant 
bevacizumab did not result in any overall survival benefit 
(OS 16.8 months with bevacizumab and 16.7 with placebo). 
They also noted an increased rate of adverse events, but they 
did see a benefit in terms of increased PFS and maintenance 
of performance status before deterioration with use of beva-
cizumab across different subgroups. Similarly, in another 
multicenter prospective randomized double-blinded phase 
III trial, Gilbert et al. [8] found that adding bevacizumab to 
standard therapy of concurrent TMZ + radiotherapy + adju-
vant monthly TMZ did not result in any overall survival 
benefit (OS 15.7 months with bevacizumab and 16.1 months 
with placebo). Although this study did show improved PFS 
with bevacizumab similar to the study by Chinot et al. [35], 
it differed significantly in assessment of functional outcome 
since patients in this study were found to have worsened 
quality of life in the bevacizumab group. Furthermore, in 
another study examining the results of two consecutive 
phase II trials of hypofractionated-intensity modulated 
radiotherapy (hypo-IMRT) and TMZ with or without bevaci-
zumab, Carlson et al. [37] did not find any significant benefit 
in adding bevacizumab to hypo-IMRT/TMZ, in addition to 
having a significant increase in Grade III toxicities with bev-
acizumab. In another Class III study, Van Linde et al. [40], 
in a single institution prospective non-randomized phase II 
study, evaluated the safety and efficacy of bevacizumab in 
combination with TMZ and RT in newly diagnosed GBM 
patients and found no benefit of bevacizumab treatment in 
terms of OS as compared to historical data with standard 
therapy (of note, in this study patients only received beva-
cizumab during concomitant RT + TMZ and did not receive 
bevacizumab during adjuvant TMZ therapy). In another pro-
spective non-randomized single-arm phase II study, Omuro 
et al. [42] evaluated the use of hypofractionated stereotactic 
radiotherapy (HFSRT) combined with concomitant/ adju-
vant TMZ and bevacizumab in the treatment of patients with 
newly diagnosed GBM. This study did not reveal any signifi-
cant benefit in OS with bevacizumab treatment as compared 
to historical data. The study also provided interesting results 
regarding to molecular data demonstrating that the expres-
sion level of pro-angiogenic genes had no prognostic value 
in determining response to bevacizumab therapy.

Other class III studies that met inclusion criteria indicated 
a possible improvement in outcome with the use of adjuvant 
bevacizumab when compared to historical controls, how-
ever, these studies had specific characteristics in the study 
population that would limit their broader applicability. Lai 
et al. [39] in a multicenter, prospective non-randomized 
single-arm phase II study evaluating the efficacy of bev-
acizumab in combination with TMZ and RT in the treat-
ment of patients with newly diagnosed GBM, commented 
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on improved PFS and OS compared to historical control 
of the EORTC-NCIC data, however, their study population 
was significantly different from the historical control groups 
since in their study group only 3% of patients underwent 
biopsy while in the EORTC-NCIC group 17% underwent 
biopsy as compared to subtotal or gross total resection. Also, 
comparison of overall survival in the study group and the 
UCLA/KPLA control group is difficult to interpret given that 
over 50% of the UCLA/KPLA control group received beva-
cizumab as a salvage therapy at recurrence. Also of note, 
the EORTC/NCIC trial reported survival from the date of 
enrollment while this study reported survival from the date 
of diagnosis which could add to perceived OS. The study 
did provide important data regarding toxicity profile with 
use of bevacizumab therapy showing specifically increase 
in thromboembolic events and wound healing complica-
tions. Similarly, Narayana et al. [41] in a prospective non-
randomized single-arm phase II study concluded that there 
was apparent improvement of PFS and OS with the addi-
tion of bevacizumab to standard therapy as compared to the 
EORTC-NCIC trial, however, again the patient population 
presented here has substantial differences in the extent of 
resection (current study with reported 70% of patients with 
GTR compared to EORTC-NCIC study with only 39%). 
Likewise, in another prospective non-randomized single-
arm phase II study evaluating the efficacy and safety of the 
addition of bevacizumab to RT + TMZ, followed by beva-
cizumab, TMZ, and irinotecan for newly diagnosed GBM 
patients. Vredenburgh et al. [43] asserted that there was an 
apparent improvement of PFS and OS with the addition of 
bevacizumab as compared to the EORTC trial, but, again 
the patient population presented here had substantial differ-
ences in the extent of resection (current study has no patients 
enrolled with biopsy compared with EORTC study which 
had 17% patients undergoing biopsy). Additionally, the 
study found significant toxicities of adjuvant TMZ + bevaci-
zumab + irinotecan. Taking into consideration all the above 
studies, upfront use of bevacizumab is likely to improve PFS 
but has so far not been shown to extent OS in GBM patients. 
Moreover, conflicting data exists regarding the exact benefit 
of adjuvant bevacizumab in terms of quality of life. Another 
prospective nonrandomized single-arm phase II study by 
Reyes-Botero et. al [44] evaluated the efficacy and safety of 
upfront temozolomide (TMZ) and bevacizumab in patients 
aged ≥ 70 years and a KPS < 70 and found the combination 
to be well tolerated with potential to improve quality of life. 
Similarly, Hata et. al [45] found possible benefit in quality of 
life when adding bevacizumab to partially resected tumors 
in combination with combined chemoradiation. Again, these 
studies provide further support to performing a randomized 
controlled trial to assess benefit of bevacizumab on quality 
of life for GBM patients.

Is there a role for chemotherapy agents other than TMZ 
for the treatment of GBM?

A number of studies have examined the use of several chem-
otherapy agents other than TMZ for the treatment of GBM 
(Table 5). Studies that met our inclusion criteria examined 
the role of irinotecan, nitrosurea based chemotherapy agents 
(carmustine, nimustine), cisplatin, procarbazine, and gem-
citabine. One Class I study [46] and two Class III studies 
[47, 48] examined the role of irinotecan in the treatment 
of GBM. In multi-center, prospective randomized phase 
II study examining the efficacy of bevacizumab combined 
with irinotecan (Bev-Iri) versus bevacizumab combined with 
temozolomide (Bev-Tem) before, during and after radiother-
apy in newly diagnosed GBM patients, Hofland et al. [46] 
found that Bev-Iri did not provide any significant benefit 
when compared to Bev-Tem. This study did not show any 
benefit of Bev-Iri to Bev-Tem in terms of response rate and 
PFS. By interpreting the results of this study, one needs to 
consider that there were no study patients who underwent 
GTR as per protocol and concurrent chemoradiation was 
delayed compared to the standard Stupp et al. protocol. Fur-
thermore, in a prospective study of RT and irinotecan fol-
lowed by BCNU plus irinotecan in newly diagnosed GBM 
patients, Jaeckle et al. [47] did not find any benefit of this 
treatment regimen compared to standard Stupp protocol, in 
addition to finding that this combination was less well toler-
ated. Similarly, in a prospective trial evaluating the efficacy 
and safety of TMZ in combination with irinotecan before 
radiotherapy in patients with newly diagnosed GBM, Quinn 
et al. [29] did not show any benefit of combining TMZ with 
irinotecan compared to TMZ alone, their data suggest that 
this combination was found to be more toxic and poorly 
tolerated. They explained that the results were difficult to 
interpret and to compare with other studies as the majority 
of patients (81%) only underwent a biopsy. Moreover, 52% 
of patients (22/42) discontinued therapy after 1 or 2 cycles 
of treatment (due to disease progression or adverse events) 
and went on to immediate radiotherapy + TMZ, further lim-
iting the interpretation of the study results. These studies 
did not show any benefit of irinotecan therapy compared to 
standard therapy with TMZ, in addition to some increased 
toxicity in many cases.

Two Class II studies [49, 50] and two Class III studies 
[51, 52] examined the role of nitrosurea based chemothera-
pies (nimustine (ACNU), carmustine (BCNU)) in the treat-
ment of GBM. In a multicenter prospective randomized 
phase III study examining the efficacy of chemotherapy with 
nimustine (ACNU)- cisplatin (CDDP) when used in con-
junction with radiotherapy plus adjuvant temozolomide in 
patients with newly diagnosed GBM, Kim et al. [49] found 
significant toxicity with neoadjuvant ACNU-CDDP treat-
ment. Although, there appeared to be some survival benefit 
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when comparing treatment to RT followed by adjuvant 
TMZ, the study lacked comparison to the standard Stupp 
protocol where patients were also treated with concomitant 
TMZ during radiation. Regardless, the study found serious 
toxicity with the ACNU-CDDP regimen, which further chal-
lenges its possible benefit. In another multicenter prospec-
tive randomized trial, Shibui et al. [50] found no benefit 
in PFS or OS when examining the efficacy of nimustine 
(ACNU) + procarbazine (PCZ) compared to ACNU alone 
for GBM and anaplastic astrocytoma. The authors noted that 
their study “was terminated early because temozolomide was 
newly approved in Japan.” Additionally, in a retrospective 
comparison of outcome of GBM patients treated with initial 
radiation and chemotherapy of TMZ or BCNU, Vinjamure 
et al. [51] found that TMZ treated GBM patients had better 
overall outcomes compared to BCNU treated patients, but 
they commented that this was due to newer salvage therapies 
in the era of TMZ treatment. This study had significant limi-
tations such as non-randomized patients, tumor sizes were 
significantly larger in BCNU group, patients were treated 
in earlier years in BCNU group, and that not all patients 
in BCNU group received concomitant chemotherapy with 
radiation. Similarly, the results from another retrospective 
study comparing outcomes of GBM patients with at least 
near-total resection treated with initial radiation and TMZ or 
ACNU-based (ACNU plus teniposide or cisplatin) chemo-
therapy [52] are difficult to interpret given significant dif-
ferences in treatment regimes. For example, the patients in 
ACNU-based group started therapy after completion of RT 
and, therefore, did not have any concomitant chemotherapy 
with radiation as the TMZ group. Also, greater than 40% of 
patients could not complete ACNU based treatment given 
significant toxicity. The authors note that while in a sub-
group analysis of patients who were able to complete at least 
4 cycles of ACNU-based therapy “a modest improvement 
in survival occurred in this ACNU subgroup, the efficacy 
was still inferior to that in the TMZ cohort.” Overall, these 
studies do not support the use of nitrosurea based chemo-
therapies such as BCNU or ACNU over standard treatment 
with TMZ.

One class III study [53] examined the effect of gemcit-
abine in the treatment of GBM. In this single institution, 
prospective phase II study of gemcitabine with radiother-
apy (RT) as first line treatment for newly diagnosed GBM 
patients followed by adjuvant TMZ, Metro et al. [53] noted 
that there is some response to concomitant RT with gem-
citabine but these results are difficult to compare to stand-
ard Stupp protocol given that no patients in this group had 
undergone gross total surgical resection. Also, given all the 
patients do receive adjuvant TMZ it is difficult to identify 
treatment with gemcitabine as cause of specific outcomes. 
Given small number of patients and lack of control group, 
the study did not provide any significant evidence that 

concomitant gemcitabine during RT has any benefit over 
standard therapy with TMZ.

Synthesis

In terms of adjuvant therapy for newly diagnosed GBM, 
there is class III evidence that highlights the important ben-
efit of concomitant radiation with TMZ, especially for meth-
ylated MGMT tumors.

In regards to local regional chemotherapy with BCNU 
biodegradable wafers, the previous guidelines detailed level 
II recommendations, however, this recommendation was 
based on prior class I evidence where no systemic chemo-
therapy was used and/or TMZ had not been established as 
standard of care. In the current era, a number of level III 
studies have demonstrated no significant improvement in 
overall survival or progression free survival to support the 
use of BCNU wafers. Additional studies of higher qual-
ity are required to understand the role of BCNU wafer and 
other locoregional therapy in the setting of Stupp Protocol 
is necessary.

With respect to upfront use of bevacizumab, a number 
of studies have shown improved PFS but no improvement 
in OS in GBM patients. Moreover, conflicting data exists 
regarding the exact benefit of adjuvant bevacizumab in terms 
of quality of life requiring further rigorously designed clini-
cal studies.

Furthermore, the above studies have not shown any con-
vincing evidence that alternative chemotherapy regimens 
had any benefit over standard treatment with TMZ.

Conclusions and key issues for future 
investigation

Chemotherapy is essential in the management of newly diag-
nosed GBM. The use of temozolomide is supported by level 
I recommendations for patients with newly diagnosed GBM 
as previously shown by Stupp et al. and reported in the pre-
vious guidelines [2]. Although, many studies have identified 
the methylation of the MGMT promoter as a positive pre-
dictor for TMZ treatment in patients with newly diagnosed 
GBM, prospective randomized controlled trials with and 
without concurrent RT in methylated and non-methylated 
MGMT promoter GBM groups would help better elucidate 
and emphasize the benefit of TMZ treatment for these par-
ticular subsets of patients. Currently, while recognizing their 
limitations, the existing publications can be used to consider 
treatment options, but more importantly, to frame the impor-
tant questions for future clinical trials.

Prospective randomized controlled trials in specific sub-
sets of patients (i.e. by age group, molecular profile, extent 
of resection, previous treatment) would help define optimal 
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timing and treatment regimens. Furthermore, given the 
poor prognosis of patients with GBMs, future clinical trials 
need to emphasize and prospectively consider quality of life 
measures in addition to PFS and OS. As additional clinical 
trials bring forth new chemotherapeutic and specific targeted 
options, the role of TMZ + concurrent RT followed by adju-
vant TMZ treatment will need to be examined as standard 
therapy compared to new treatment regimens.
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