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Abstract 
The following questions and recommendations are pertinent to the following:
Target population  These recommendations apply to adults with progressive GBM who have undergone standard primary 
treatment with surgery and/or chemoradiation.
Question 1  In adults with progressive glioblastoma is the use of bevacizumab as monotherapy superior to standard salvage 
cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  Level III: Treatment with bevacizumab is suggested in the treatment of progressive GBM, as it provides 
improved disease control compared to historical controls as measured by best imaging response and progression free survival 
at 6 months, while not providing evidence for improvement in overall survival.
Question 2  In adults with progressive glioblastoma is the use of bevacizumab as combination therapy with cytotoxic agents 
superior to standard salvage cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  Level III: There is insufficient evidence to show benefit or harm of bevacizumab in combination with 
cytotoxic therapies in progressive glioblastoma due to a lack of evidence supporting a clearly defined benefit without sig-
nificant toxicity.
Question 3  In adults with progressive glioblastoma is the use of bevacizumab as a combination therapy with targeted agents 
superior to standard salvage cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  There is insufficient evidence to support a recommendation regarding this question.
Question 4  In adults with progressive glioblastoma is the use of targeted agents as monotherapy superior to standard salvage 
cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  There is insufficient evidence to support a recommendation regarding this question.
Question 5  In adults with progressive glioblastoma is the use of targeted agents in combination with cytotoxic therapies 
superior to standard salvage cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  There is insufficient evidence to support a recommendation regarding this question.
Question 6  In adults with progressive glioblastoma is the use of immunotherapy monotherapy superior to standard salvage 
cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  There is insufficient evidence to support a recommendation regarding this question.
Question 7  In adults with progressive glioblastoma is the use of immunotherapy in combination with targeted agents superior 
to standard salvage cytotoxic chemotherapy as measured by progression free survival and overall survival?
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Recommendation  There is insufficient evidence to support a recommendation regarding this question.
Question 8  In adults with progressive glioblastoma is the use of immunotherapy in combination with bevacizumab superior 
to standard salvage cytotoxic chemotherapy as measured by progression free survival and overall survival?
Recommendation  There is insufficient evidence to support a recommendation regarding this question.
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Abbreviations
BEV	� Bevacizumab
GBM	� Glioblastoma
PFS	� Progression free survival
PFS6	� 6 month progression free survival
mOS	� Median overall survival
OS	� Overall survival
PRISMA	� Preferred reporting items for systematic 

reviews and meta-analyses

Introduction

In 2014, guidelines for the management of progressive glio-
blastoma and the role of targeted therapies were published 
by the AANS and CNS [1]. We now present the updated set 
of data and studies regarding targeted therapies as well as 
immunotherapy with and without targeted therapies. Despite 
maximal therapy, the median overall survival for a patient 
with newly diagnosed glioblastoma remains 14.6 months 
[2]. Recurrence typically occurs by one year and the median 
overall survival at recurrence ranges from 24 to 44 weeks 
[3–5]. Despite significant effort, the prognosis after recur-
rence in glioblastoma remains dismal. While cytotoxic thera-
pies have long been used to treat malignancy, more recent 
attempts utilizing therapies targeting tumor progression and 
growth pathways, anti-angiogenic agents designed to target 
neovascular proliferation pathways, and immunotherapies 
aimed at utilizing a patient’s immune system to attack tumor 
cells have been studied. We present a systematic review and 
evidence-based practice guideline to help practicing physi-
cians to determine the role of these treatments in progressive 
glioblastoma.

Rationale

Tumor stabilization and radiographic response are the cur-
rent goals in designing treatment of progressive glioblas-
toma. There are several strategies for treatment with targeted 
therapies, especially with the large amount of information 
being uncovered regarding the molecular characteristics 
of glioblastoma and the differing aberrations that occur 
in subgroups of the tumor. Exploration of immunotherapy 
has been a growing subject of study as well, with a goal of 

utilizing the patient’s own immune response to attack the 
tumor.

Objectives

The objectives of this guideline are to assess the therapeutic 
value of targeted therapies and immunotherapies in patients 
with progressive glioblastoma based on radiographic 
response and in terms of survival outcomes.

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 
updating the guidelines for the management of progressive 
glioblastoma with targeted therapies and immunotherapy. A 
series of authors for the development of guidelines related to 
the role of targeted therapy and immunotherapy in progres-
sive glioblastoma were identified and screened for conflicts 
of interest. This group in turn agreed on a set of questions 
addressing the topic at hand and conducted a systematic 
review of the literature relevant to management of progres-
sive glioblastoma with the aforementioned therapeutic strat-
egies, both alone and in combination. Additional details of 
the systematic review are provided below and within the 
introduction and methodology chapter of the guideline.

Literature search

The task force collaborated with a medical librarian and 
searched for articles published on targeted therapies for pro-
gressive glioblastoma between July 1, 2012 and March 31, 
2019, and on immunotherapy for progressive glioblastoma 
between January 1, 1990 to March 31, 2019 (to complete the 
same search dates as had previously been performed in the 
original guideline document) in three electronic databases: 
Pubmed, EMBASE and Cochrane. Strategies for searching 
electronic databases were constructed by the evidence-based 
clinical practice guideline taskforce members and the medi-
cal librarian using standard strategies to identify relevant 
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studies [6–13]. As can be seen below, progression, recur-
rence and relapse were all used in the search strategy. As 
progression clearly implies glioblastoma persists and is not 
completely controlled with any intervention, this term is 
chosen as the primary term describing the clinical circum-
stance addressed throughout this guideline.

Search strategy

•	 Targeted: July 1, 2012 through March 31, 2019

o	 (progress* OR recurren* OR relaps*) AND (gli-
oma OR glioblastoma) AND (targeted therap* OR 
immunotherapy OR molecular agent* OR surgical 
technique* OR surgery OR radiotherap* OR alter-
native particles OR radiosensitizer* OR convection 
enhanced) AND (quality of life OR survival OR 
mortality)

•	 Immunotherapy: January 1, 1990 to March 31, 2019

o	 (progress* OR recurren* OR relaps*) AND (glioma 
OR glioblastoma) AND (vaccin* OR peptide vac-
cin* OR heat shock protein vaccin* OR immune 
checkpoint inhibitor* OR dendritic cell vaccin* OR 
adoptive T Cell*) AND (quality of life OR surival 
OR mortality)

The authors supplemented the searches of electronic data-
bases with manual screening of the bibliographies of all 

retrieved publications. The authors also searched the bib-
liographies of recent systematic reviews and other review 
articles for potentially relevant citations. All articles identi-
fied were subject to the study selection criteria listed below. 
As noted above, the guideline committee also examined lists 
of included and excluded studies for errors and omissions. 
The authors went to great lengths to obtain a complete set 
of relevant articles. Having a complete set ensured that this 
guideline was not based on a biased subset of articles.

Study selection and eligibility criteria

A total of 4417 articles were identified including 3513 for 
targeted therapies and 904 for immunotherapy (Figs. 1 and 
2). Based on a Pubmed search, a total of 2727 articles in 
targeted therapy and 627 articles in immunotherapy related 
to progressive glioblastoma were reviewed by the team with 
specific inclusion and exclusion criteria outlined below. A 
search of Embase yielded 748 additional articles relating 
to targeted therapy and 253 in immunotherapy. Cochrane 
yielded an additional 38 articles for targeted therapy and 24 
for immunotherapy. The same methodology of review was 
conducted for the Embase and Cochrane data. Independent 
reviewers evaluated and abstracted full-text data for each 
article and the two sets of data were compared for agree-
ment by a third party. Inconsistencies were re-reviewed and 
disagreements were resolved by consensus. Citations were 
included that prospectively or retrospectively reviewed the 

Total Number of 

abstracts screened

(n=118)

Removal of studies that 

did not meet the 

predefined criteria

(n=3395)

Removal of full text 

studies that did not meet 

the complete predefined 

criteria

(n=53)

Primary Search utilizing 

PUBMED, terms used and results 

outlined in Search Method
(n=2727)
Cochrane (n=38) Embase (n=748)

Studies included as 

evidence

(N=65)

Rationale:

- Included pediatric 
pa�ents

- Included mixed 
data for other 
high-grade gliomas 
or primary brain 
tumors

- Less than 5 
pa�ents included 
in the study

- Duplicates found 
within separate 
database searches

Fig. 1   PRISMA diagram—depicting the process of searching for, including, and excluding (as well as rationale) studies on targeted therapies for 
treating progressive glioblastoma
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treatment effect and outcomes of targeted therapies and 
immunotherapies, as monotherapy or combination therapies, 
on progressive glioblastoma patients. To be included in the 
guideline, a publication had to meet the following inclusion 
criteria:

•	 Investigated patients had progressive/recurrent glioblas-
toma

•	 Patients ≥ 18 years of age
•	 Humans, only
•	 Published between:

o	 Targeted: July 1, 2012 through March 31, 2019
o	 Immunotherapy: January 1, 1990 to March 31, 2019

•	 Quantitatively presented results
•	 Was not an in vitro study
•	 Was published in English
•	 Studies may include mixed pathology; however, the data 

pertaining to progressive glioblastoma was extractable 
from the paper

•	 Had ≥ 5 patients or patient samples

The authors did not include systematic reviews, guidelines, 
or meta-analyses conducted by others. These documents are 
developed using different inclusion criteria than those speci-
fied in this guideline. Therefore, they may include studies 

that do not meet the inclusion criteria specified above. These 
documents were recalled if their abstract suggested that they 
might address one of the recommendations, and their bibli-
ographies were searched for additional studies.

Data collection process

The abstracts that met the selection criteria mentioned above 
were retrieved in full-text form. Each article’s adherence 
to the selection criteria was confirmed. To determine how 
the data could be classified, the information in the full-text 
articles were then evaluated to determine whether they 
were providing results of therapy or were more centered on 
diagnostic or prognostic information. Agreement on these 
assessments and on the salient points regarding the type of 
study design and objectives, and the conclusions and data 
classification was then reached by exchanging drafts and 
comments by e-mail. The information was then used for con-
struction of the evidence tables. A summary of the search 
process and results are provided in the PRISMA diagrams 
(Figs. 1 and 2).

Assessment for risk of bias

Our search generated 4417 abstracts. These were screened, 
and the articles that addressed our pre-defined questions 

Primary Search utilizing PUBMED, 

terms used and results outlined in 

Search Method
(n=627)
Cochrane (n=24) Embase (n=253)

Total Number of 

abstracts screened

(n=76)

Studies included as 

evidence

(N=31)

Removal of studies that 

did not meet the 

predefined criteria

(n=828)

Removal of full text 

studies that did not meet 

the complete predefined 

criteria

(n=45)

Rationale:

- Included 
pediatric 
pa�ents

- Included 
mixed data for 
other high-
grade gliomas 
or primary 
brain tumors

- Less than 5 
pa�ents 
included in the 
study

- Duplicates 
found within 
separate 
database 
searches

Fig. 2   PRISMA diagram—depicting the process of searching for, including, and excluding (as well as rationale) studies on immunotherapy for 
treating progressive glioblastoma
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underwent full independent review by the authors. Review-
ers were critical in their assessment to account for selec-
tion bias, survivorship bias, etc., by evaluating studies 
specifically in regard to trial design including factors such 
as: adequacy of control group, randomization of treatment, 
blinding, prospective character, size of study population, 
etc. Other factors that could account for survivorship bias 
or selection bias, as well as appropriate or inappropriate use 
of statistics of the reported data was also critically assessed.

Classification of evidence and guideline 
recommendation and formulation

The concept of linking evidence to recommendations has 
been further formalized by the American Medical Asso-
ciation (AMA) and many specialty societies, including the 
American Association of Neurological Surgeons (AANS), 
the Congress of Neurological Surgeons (CNS), and the 
American Academy of Neurology (AAN). This formali-
zation involves the designation of specific relationships 
between the strength of evidence and the strength of recom-
mendations to avoid ambiguity. In the paradigm for ther-
apeutic maneuvers, evidence is classified into that which 
is derived from the strongest clinical studies (e.g., well-
designed, randomized controlled trials), or class I evidence. 
Class I evidence is used to support recommendations of the 
strongest type, defined as level 1 recommendations, indi-
cating a high degree of clinical certainty. Nonrandomized 
cohort studies, randomized controlled trials with design 
flaws, and case–control studies (comparative studies with 
less strength) are designated as class II evidence. These are 
used to support recommendations defined as level 2 reflect-
ing a moderate degree of clinical certainty. Other sources 
of information, including observational studies such as case 
series and expert opinion, as well as randomized controlled 
trials with flaws so serious that the conclusions of the study 
are truly in doubt are considered class III evidence and sup-
port level 3 recommendations, reflecting unclear clinical 
certainty. A summary of these categories of evidence can 
be viewed at https://​www.​cns.​org/​guide​lines/​guide​line-​devel​
opment-​metho​dology.

Results

Role of targeted therapies in progressive 
glioblastoma

All questions and recommendations in this section apply 
to the following target population: Adults with progressive 
GBM who have undergone standard primary treatment with 
surgery and/or chemoradiation. For each of the provided evi-
dence tables, data extraction included study design, total 

number of patients, study parameters including treatment 
regimen, results including metrics of survival and progres-
sion free survival, complications including toxicity data, and 
author conclusions.

Question 1  In adults with progressive glioblastoma is the 
use of bevacizumab as monotherapy superior to standard 
salvage cytotoxic chemotherapy as measured by progression 
free survival and overall survival?

Summary of prior recommendations

In the previously published guidelines on the role of targeted 
therapies in the management of progressive glioblastoma in 
adults, it was recommended that bevacizumab be utilized 
to provide improved disease control in comparison to his-
torical controls as measured by best imaging response and 
progression free survival at 6 months [1]. This was a Level 
III recommendation based on the available data. The previ-
ous data included both prospective trials and retrospective 
reviews, all of which were Class III evidence [1].

Recommendation: Level III

Treatment with bevacizumab is suggested in the treatment 
of progressive GBM, as it provides improved disease control 
compared to historical controls as measured by best imaging 
response and progression free survival at 6 months, while 
not providing evidence for improvement in overall survival.

Study selection and characteristics for the updated 
search

The initial search strategy included 3513 candidate articles. 
A total of 65 articles remained for full text review. From 
these, 7 articles were included in the final review for Ques-
tion 1 and are included in Table 1 [14–20].

Only two of the studies were prospective trials. One was 
performed in Japan, by Nagane et al. [17] They evaluated 
29 progressive glioblastoma patients given a regimen of 
standard dose BEV and found mOS was 10.5 months. They 
had a significant number of radiographic responses with 21 
patients experiencing reduction in tumor size during treat-
ment and a PFS 6 of 33.9%. They concluded that, similar to 
other studies performed outside Japan, their native patient 
population with progressive glioblastoma experienced 
a significant survival benefit [21–23]. Cai et al. reviewed 
20 patients in a double arm comparative study compar-
ing BEV to a placebo treatment [14]. Of the patients with 
glioblastoma (n = 20), mOS was 8.9 months with BEV and 
5.6 months with placebo, and a 6 month survival of 83% 
versus 47% respectively. The authors concluded that beva-
cizumab conferred a survival benefit.

https://www.cns.org/guidelines/guideline-development-methodology
https://www.cns.org/guidelines/guideline-development-methodology
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Six of the studies were retrospective reviews. [14–16, 
18–20] Kaloshi et  al. evaluated the survival effect on 
11 patients receiving low-dose BEV, finding mOS of 
6.4 months and only five patients with a partial response, 
at best. The coupling of low toxicity and some efficacy lead 
them to conclude BEV was effective in these patients [16]. 
Wenger et al. reviewed 62 patients with multiple treatment 
regimens, however all had undergone and failed initial stand-
ard therapy with RT, TMZ, and lomustine [19]. Ultimately, 
their RR showed 51.6% PR and 3.2% with CR, a median 
PFS of 3.5 months and mOS 7.5 months. They felt this data 
showed BEV remained effective after failed standard treat-
ment and lomustine. Meanwhile, Piccioni et al. reviewed 
data from multiple institutions including 388 patients receiv-
ing BEV at recurrence, however in varying methodologies 
including combination therapy [18]. Progression free sur-
vival for BEV alone was 3.6 months and 4.6 months in com-
bination therapy. Their data showed that BEV retained its 
efficacy throughout multiple recurrences, with data includ-
ing the varying recurrences at which BEV was started, how-
ever the data was mixed with multiple therapy modalities. 
Balana et al. also studied patients rechallenged with BEV 
after prior treatment response to the drug, and noted a sur-
vival benefit, possibly in the subset of patients that displayed 
sensitivity and response to initial treatment with BEV, if 
BEV was halted for reasons other than progression [20]. 
Flieger et al. reviewed their data on patients receiving repeat 
RT therapy along with BEV [15]. PFS was 5.1 months with 
and 3.4  months without bevacizumab. Median OS was 
9.3 months in combination therapy, 6.1 months with RT 
alone and the authors concluded that BEV concomitantly 
given with reirradiation was feasible and effective based on 
comparison to historical data.

Synthesis

Historically, PFS-6 ranged from 29 to 50.3% based on 
three studies evaluating BEV monotherapy compared with 
combination therapy with irinotecan, with Friedman et al. 
showing in a prospective, randomized Phase II trial a mOS 
of 9.2 months with BEV alone [22–24]. Two prospective 
trials with BEV above showed a PFS-6 of 33.9% and 83%, 
compatible with the historical data [17]. In one, the data 
was a single arm study without a control group, and the 
other a small case series where the controls fared better than 
controls in other studies. For this reason, these prospective 
studies remained Class III evidence. The remainder of the 
data was retrospective, all of which were downgraded to 
Class III evidence, as well [14–19]. While these studies met 
the inclusion criteria, they did not provide enough high level 
evidence to change or upgrade the recommendation from the 
previous guideline.
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Question 2  In adults with progressive glioblastoma is the 
use of bevacizumab as combination therapy with cytotoxic 
agents superior to standard salvage cytotoxic chemother-
apy as measured by progression free survival and overall 
survival?

Prior Recommendation: In the previously published 
guidelines on the role of targeted therapies in the manage-
ment of progressive glioblastoma in adults, bevacizumab 
combined with cytotoxic agents was reviewed and no spe-
cific recommendations were made based on a lack of strong 
evidence supporting a clearly defined benefit without sig-
nificant toxicity [1].

Recommendation Level: III

There is insufficient evidence to show benefit or harm of 
bevacizumab in combination with cytotoxic therapies in pro-
gressive glioblastoma due to a lack of evidence supporting a 
clearly defined benefit without significant toxicity.

Study selection and characteristics of the updated 
search

The initial search strategy included 3513 candidate articles. 
A total of 65 articles remained for full text review. From 
these, 21 articles were included in the final review for Ques-
tion 2 and are included in Table 2 [25–44].

Bevacizumab with cytotoxic therapy

There were six studies regarding BEV combined with cyto-
toxic therapy included in our search that met criteria for 
inclusion. In a small series, Arakawa et al. evaluated com-
bination therapy with ifosfamide, carboplatin, and etoposide 
at second recurrence, finding an mOS of 6 months [25]. In a 
similar study, Brenner et al. added evofosfamide to BEV in 
BEV resistant patients compared to placebo, finding a mOS 
of 4.4 months with SD in 60.9% and a response in 17.4% 
[29]. They found preliminary evidence of synergistic activ-
ity. Two further studies combined TMZ with BEV. Badrud-
doja et al. combined BEV with TMZ and found a mOS of 
11.0 months and PFS6 of 52% [26]. Sepulveda et al. simi-
larly studied BEV with TMZ and found a PFS6 of 21.9%, 
finding the regimen was safe and possibly effective [39]. 
Another study by Peters et al. combined Vorinostat, BEV, 
and TMZ at recurrence, but found their results limited by 
their cohort’s heavy pretreatment prior to enrollment [37]. 
Mrugala et al. retrospectively studied BEV with carbopl-
atin at varying recurrences, finding a mOS of 9.3 months, 
determining some activity and tolerability of the combined 
therapy [44]. Ultimately, the data here regarding cyto-
toxic therapy with BEV at recurrence warranted Class III 

data designation as the studies were small and/or lacked 
randomization.

However, there was one study that yielded class II evi-
dence. Field et al. randomized 122 patients with BEV and 
carboplatin versus BEV monotherapy [30]. PFS6 was 15% in 
combination therapy, 18% in monotherapy, thus they found 
no additional benefit with combination therapy.

Nitrosoureas with bevacizumab

The only Class I designation was afforded to Wick et al. for 
evaluating combination therapy with BEV and lomustine as 
a prospective, randomized phase III trial in 437 adult pro-
gressive glioblastoma patients [43]. Monotherapy OS was 
8.6 months and PFS 1.5 months. Combination therapy OS 
was 9.1 months and PFS 4.2 months. The trial concluded 
there was not a survival advantage using combination ther-
apy beyond that obtained with monotherapy.

Brandes et al. performed a phase II randomized trial of 
91 patients receiving fotemustine or BEV for progressive 
glioblastoma [27]. The authors concluded there may be a 
role for single agent BEV in progressive glioblastoma as 
median OS was 7.3 months with BEV and 8.7 months with 
fotemustine. RANO response rates were 29% with BEV 
and 9% with fotemustine. They had also completed a phase 
II randomized and double blinded study on 123 patients 
given BEV and Lomustine or Lomustine with placebo in 
first recurrence of glioblastoma [28]. At second recurrence 
or progression of disease, patients continued BEV or pla-
cebo. Results showed CCNU + BEV median overall survival 
(mOS) to be 6.4 months, PFS2 2.3 months, PFS3 2.0 months 
(PFS2 and PFS3 refer to the progression free survival at the 
second and third recurrence, respectively). There was no sur-
vival benefit and no detriment determined by the authors in 
continuing BEV through multiple lines of treatment. These 
were both designated Class II data as they were prospective, 
randomized trials with small cohorts.

In another randomized, controlled, Phase II study, Taal 
et al. evaluated BEV with lomustine vs BEV monotherapy 
or lomustine monotherapy in 153 patients [40]. Combina-
tion therapy showed an improved OS and treatment response 
with 9 months OS in 63%, surpassing the monotherapy 
groups. Authors concluded the combination treatment met 
their predetermined criteria for further evaluation. Another 
study by Weathers et al. was a randomized phase II trial of 
BEV standard dose vs low dose BEV with lomustine, which 
found nonsuperiority of combination therapy [42]. These 
studies warranted Class II designation.

The remainder of the data was Class III as the cohorts 
were small, the data was retrospective, or the study lacked a 
control group. Heiland et al. retrospectively reviewed BEV 
with lomustine against BEV monotherapy in 35 patients 
[33]. Median OS was 6.6 months with improved median 
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PFS and OS in the BEV + CCNU arm, yielding a conclu-
sion that combination therapy as a last line therapy resulted 
in an improved PFS and OS compared to monotherapy. Two 
studies found results that showed no overall benefit. Jakob-
sen et al. evaluated Bev + Lomustine against BEV + irinote-
can [34]. They found there was no significant difference in 
regards to survival between the two groups. Rahman et al. 
evaluated carmustine or lomustine with BEV after prior 
BEV failure and found there was no benefit in adding a 
nitrosourea agent to BEV treatment [38].

There were two studies designated Class III regarding 
combination therapy with fotemustine. Pasqualetti et al. 
studied BEV with fotemustine retrospectively with varying 
doses of both drugs which concluded there was no ration-
ale to exclude BEV in combination therapy after failure of 
second line therapies [36]. In another study that came to 
a similar conclusion, Vaccaro et al. prospectively studied 
BEV with fotemustine in 13 patients [41]. Median OS was 
not reported in a fashion separable for only progressive glio-
blastoma patients, but RR showed no CR, 2 PR, 5 SD, with 
PFS of 3 months.

ACE inhibitors and bevacizumab

Gilbert et al. performed the only prospective study on ACE 
Inhibitors combined with BEV in this group since the pre-
vious guidelines. This was a randomized phase 2 trial of 
BEV and irinotecan vs BEV with TMZ in 117 patients [32]. 
Response rate for the TMZ arm was 3% CR and 16% PR and 
for the irinotecan arm was 4% CR and 24% PR. The PFS6 
for the TMZ group was 39% and for the Irinotecan group 
was 38.6%. The PFS6 surpassed the efficacy threshold in 
both arms regardless of prior TMZ sensitization. As this 
was a prospective, randomized trial, this warrants Class II 
designation.

Two retrospective studies involving irinotecan were 
performed. Johansen et  al. retrospectively reviewed 26 
patients treated with BEV and Irinotecan and found a trend 
toward improved PFS and OS, although toxicity and mOS 
were not reported [35]. They did notice a beneficial effect 
giving irinotecan and BEV together. Gil et al. completed 
another retrospective analysis of BEV with irinotecan in 87 
patients pooling several series together [31]. Median OS was 
8.8 months with Radiographic Response (RR) of 56% and 
a median PFS of 5.1 months. The authors concluded the 
combination therapy improved PFS and OS compared to 
historical data. These both warranted Class III designations 
as they were retrospective analyses.

Synthesis

The data from the prior guidelines found a PFS6 between 
18.8 and 50.3% in the included studies. Based on the update 

of data, the PFS6 ranged from 2.7 to 53.8%, with survival 
data somewhat skewed in some cases using mixed popula-
tions of patients at first or second recurrence and beyond. 
This ultimately didn’t show any significant improvement in 
either mOS or PFS6. The highest level data came from a 
Class I designated Phase III study combining nitrosoureas 
with BEV and ultimately finding no significant survival 
advantage over monotherapy with BEV [43]. Further Class 
II data on the topic revealed similar findings and one was 
actually closed early for futility [27, 28, 42]. The data in gen-
eral supported the utility of anti-angiogenic therapy through-
out multiple courses of treatment for recurrence, however 
there was no reliable and discernible benefit in providing 
combination therapies with cytotoxic agents.

Question 3  In adults with progressive glioblastoma is the 
use of bevacizumab as a combination therapy with targeted 
agents superior to standard salvage cytotoxic chemother-
apy as measured by progression free survival and overall 
survival?

Prior recommendations

In the previously published guidelines on the role of targeted 
therapies in the management of progressive glioblastoma in 
adults, bevacizumab combined with targeted therapies was 
reviewed and no specific recommendations were made based 
on a lack of strong evidence supporting a clearly defined 
benefit.

Recommendation

There is insufficient evidence to support a recommendation 
regarding this question.

Study selection and characteristics of the updated 
search

The initial search strategy included 3513 candidate articles. 
A total of 65 articles remained for full text review. From 
these, 3 articles were included in the final review for Ques-
tion 3 and are included in Table 3 [45–47].

There was only one study showing a survival ben-
efit with combination targeted therapy and bevacizumab. 
D’alessandris et al. performed a prospective trial evaluating 
erlotinib and BEV in combination vs BEV alone based on 
molecular profile of 10 patients with EGFRvIII expression 
or VEGF over expression [47]. Combination therapy showed 
a mOS 17 months and PFS6 of 100% while BEV mono-
therapy showed a PFS6 50% and OS 6.75 months, at which 
point the authors concluded there was a significant survival 
benefit for combination therapy. As a small study lacking a 
control group, these were designated Class III data.
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Lassen et al. evaluated a novel antiplacental growth factor 
monoclonal antibody (RO5323441) with BEV in 22 adult 
patients with progressive glioblastoma in a Phase I trial [46]. 
Median OS was 8.5 months with PFS 3.5 months in com-
bination therapy, with the overall finding being that no sig-
nificant improvement over BEV monotherapy was found in 
comparison to historical controls. Odia et al. studied enzas-
taurin in combination with BEV in 40 adult patients [45]. 
Median OS was 7.5 months. The same group then evaluated 
tandutinib with BEV in 41 patients, finding nonsuperiority 
and slightly more toxicity than BEV alone [48]. All three 
of these studies found nonsuperiority and due to a lack of 
control arms in the latter two studies and the first being a 
dose-escalation trial, they were all deemed Class III data.

Synthesis

In the prior guidelines published, only two trials were 
included that combined BEV with erlotinib or dasatinib, 
neither of which saw any PFS benefit, and both of which 
were not designated high enough class data to make a rec-
ommendation. The data reviewed since then include only 
Class III designations. Only one revealed significant sur-
vival benefit with erlotinib, albeit in a very small, highly 
specific study based on molecular profiling, while the rest 
showed only nonsuperiority. With the available studies and 
their limitations, there was insufficient high level data with 
consistent findings to make a treatment suggestion. This con-
clusion is not meant to suggest such combination studies are 
not worthy of further investigation and it is suggested that 
when available, and patients meet inclusion criteria, they be 
enrolled in properly designed studies of this issue.

Question 4  In adults with progressive glioblastoma is the 
use of targeted agents as monotherapy superior to standard 
salvage cytotoxic chemotherapy as measured by progression 
free survival and overall survival?

Prior Recommendations: In the previously published 
guidelines on the role of targeted therapies in the manage-
ment of progressive glioblastoma in adults, targeted thera-
pies other than BEV were reviewed and no specific recom-
mendations were made based on a lack of strong evidence 
supporting a clearly defined benefit or detriment.

Recommendation

There is insufficient evidence to support a recommendation 
regarding this question.

Study selection and characteristics of the updated 
search

The initial search strategy included 3513 candidate articles. 
A total of 65 articles remained for full text review. From 
these, 23 articles were included in the final review for Ques-
tion 4 and are included in Table 4 [49–71].

A total of 23 articles described the use of targeted ther-
apies alone, not including BEV. [49–66, 68, 69, 72] Two 
studies used a targeted therapy in conjunction with repeat 
radiation therapy [49, 50]. One study discussed the use of a 
cytotoxic agent (temsirolimus) in conjunction with Sorafenib 
[72]. Another study involved intracavity delivery of a tar-
geted agent [59]. Retinoic acid naphthalene was given in 
another study, which was the only update discovered on the 
use of retinoids in progressive glioblastoma [61]. Combina-
tion of targeted agents (cediranib and cilengitide) were given 
in one study while cediranib and gefitinib were adminis-
tered in combination in another study, providing the only 
two studies using combinations of targeted therapies [63, 
67]. The remainder of studies were single agent targeted 
therapies [51–58, 60, 62, 64–69].

Single agent targeted therapies

Targeted therapies have been gaining attention recently, 
especially with the identification and characterization of 
several molecular variations among glioblastoma and the 
possibility of temozolomide resistance. Furthermore, there is 
a renewed vigor to find an effective, individualized molecu-
lar treatment for glioblastoma, especially in the progressive 
setting, beyond BEV.

Several small molecule targeted therapies were evaluated. 
Pitz et al. evaluated the use of PX-866 in 33 adult patients 
with progressive glioblastoma [52]. The study found a PFS6 
of 17%. The authors concluded that although the drug was 
well tolerated, it did not meet the predetermined efficacy 
end points. Aiken et al. provided a phase I clinical trial with 
dose escalation of a small molecule inhibitor of IGF1b in a 
small group of 7 patients [69]. They concluded there was 
a sustained clinical response. As it was a dose-escalation 
trial and had no control group, it was given a designation of 
Class III evidence. PLX3397, a Colony Stimulating Factor 
1 Receptor inhibitor was given to 13 patients, finding a mOS 
of 9.5 months with no radiographic responses [66]. This was 
also designated Class III as it was a small cohort without 
randomization. Gilbert et al. studied cilengitide along with 
resection after recurrence in 26 patients and established the 
efficacy was only modest, yielding a Class III designation 
as a small Phase I trial in a small number of patients [71].

Depatux-m was studied by Gan et al. as a multicenter, 
Phase I dose escalation study, which combined newly 
diagnosed and progressive glioblastoma [64]. In the 
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data separable for progressive patients, median OS was 
10.7 months with 30.8% of patients reaching PFS6. Results 
were considered encouraging, the study was small with-
out a control. Lassman et al. also studied administration 
of depatux-m in 60 patients with EGFR amplification in 
progressive glioblastoma without prior BEV or nitrosourea 
administration [57]. Median OS was 7.4 months and median 
PFS 2.1 months, with authors concluding the TMZ refrac-
tory population showed encouraging results. Van Den Bent 
et al. studied the efficacy of depatux-m in 66 patients [70]. 
All patients had EGFR amplified glioblastoma, and results 
showed a PFS6 of 28.7%, PFS 1.7 months, mOS 9.3 months. 
The authors concluded that monotherapy in these patients 
showed some efficacy and tolerable toxicity requiring further 
study. These three trials lacked control groups and were non-
randomized, designating each as Class III evidence.

Tyrosine kinase inhibitors

Several studies also focused on tyrosine kinase inhibitors. 
Gallego et al. evaluated erlotinib in 13 progressive glio-
blastoma patients harboring PTEN, EGFR, and EGFRvIII 
overexpression [65]. PFS6 was 20%. Authors felt this was 
of no benefit and that it was not cost-effective in this patient 
population. Tivozanib was evaluated in a phase II study of 
10 patients by Kalpathy-Cramer et al. and showed a mOS of 
8.1 months but discovered limited anti-tumor activity [60]. 
Lassman et al. evaluated 50 patients with BEV naïve recur-
rence, overexpression of SRC, PDGFR, EPHA2, and/or c-kit 
and administration of dasatinib monotherapy, also without 
any benefit [58].

Several of the included studies revolved around Tyros-
ine Kinase inhibitors with a focus on PDGFR interaction. 
Muhic et al. evaluated the use of nintedanib in 25 progres-
sive glioblastoma patients with similar findings of a lack 
of anti-tumor activity [55]. Phuphanich reviewed the util-
ity of targeting PDGFRalpha with MEDI-575 in a Phase II, 
multicenter, open-label study in 51 progressive glioblastoma 
patients [53]. PFS6 was 15.4% and mOS 9.7 months, but also 
showed limited activity in comparison to historical controls 
at first recurrence. Batchelor et al. completed Phase I and II 
trials of the PDGFRa inhibitor tandutinib in 19 patients and 
30 patients, respectively [68]. Median OS was 8.8 months 
and PFS6 was 16% and the study was closed early due to 
a lack of efficacy. Hassler et al. studied the utilization of 
imatinib in 24 patients with PDGF-R, c-abl, c-kit, arg, or 
c-fms detected [62]. In a group that combined patients at 
varying numbers of recurrences, mOS was 6 months and 
only marginal benefit was seen.

Pan et al. attempted sunitinib administration in a phase 
II single institution trial of 16 patients [54]. 12.5% of 
patients reached PFS6, PFS was 1.4 months, and mOS was 
12.6 months. 31.3% of patients had stable disease or better. 

The authors concluded sunitinib could be a potentially effec-
tive treatment for progressive glioblastoma, although this 
and prior studies showed a lack of significant anti-glioma 
activity. This was designated Class III for a small, nonrand-
omized trial design without a control group.

Regorafenib, an oral receptor tyrosine kinase inhibitor 
targeting VEGFR-2, was compared with lomustine in a mod-
erately sized, multi-center, randomized trial which showed 
an encouraging survival benefit with the use of regorafenib 
[56]. In about 119 patients trialed with progressive glioblas-
toma, the group given regorafenib saw mOS of 7.4 months 
compared to 5.6 months in the lomustine group. This study 
design warranted Class II designation.

Retinoids

Prior studies showed minimal to no activity of retinoids 
alone at recurrence, with a single example of a retinoid 
combined with TMZ showing a survival benefit compared 
to TMZ alone, but with only minimal radiographic response 
rates [73]. In our update, a study by Jia et al. was a prospec-
tive nonrandomized trial with administration of retinoic acid 
naphthalene in 19 patients [61]. Median OS was 69 weeks 
(16.1 months), Median PFS was 28 weeks and the authors 
concluded retinoic acid naphthalene triazole may have a role 
in the treatment of progressive glioblastoma with 45% of 
patients reaching PFS6.

Stereotactic intratumoral delivery

Krolicki et al. evaluated the efficacy of placement of a sub-
cutaneous port with catheters stereotactically driven into 
the tumor cavity for future administration of 213Bi-DOTA-
substance P in a single arm prospective study [59]. Median 
OS was 10.9  months, 55% of patients remained alive 
at 6 months, 40% at 12 months, and 30% were alive at 
18 months of follow up from the start of treatment. The 
authors concluded the mOS of 10.9  months compared 
favorably to standard treatments. This was also designated 
Class III as the study was a small sample size without a 
control group.

Buparlisib (PI3K inhibition)

Wen et al. used buparlisib to target phosphatidylinositol-
3-kinase in 65 patients with progressive glioblastoma at 
their first or second relapse [51]. Results showed PFS6 of 
67% in cohort 1, 8% in cohort 2. PFS was 1.8 months in 
Cohort 1 and 1.7 months in cohort 2 with OS of 17.9 versus 
9.8 months, respectively. The authors concluded the PI3K 
inhibitor, known to penetrate the blood brain barrier, had 
efficacy as a single agent but did not meet pharmacodynamic 
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and efficacy end points and the findings were consistent with 
prior studies showing no clinical benefit in patients unse-
lected for PI3K pathway activation. This was designated 
Class III as the trial lacked randomization and there was no 
control group.

Dual agent targeted therapy

We encountered two studies using a combination of targeted 
therapies [63, 67] One, a study by Gerstner et al., gave cilen-
gitide, an anti-angiogenic small molecule targeting integrins, 
and cediranib, an oral VEGF inhibitor, in a phase I trial, war-
ranting class III designation [63]. Forty patients were treated 
and results showed a mOS of 6.5 months and response rates 
at 8.9%, with a conclusion that although the regimen was 
well tolerated, there was no overall benefit discerned to 
warrant further study. Brown et al. compared cediranib and 
gefitinib to cediranib and placebo with 19 patients in each 
group [67]. Response rates were 42% PR in the combination 
group and 26% in the placebo arm and mOS of 7.2 months in 
the combination group and 5.5 months in the placebo arm. 
PFS was 3.6 months in the combination therapy group and 
2.8 months in the placebo group. The study suffered from 
incomplete recruitment due to discontinuation of cediranib 
production mid-study, but concluded there was a trend 
toward improved survival and response rate. This was des-
ignated Class II data as it was a multicenter, double-blind, 
randomized, control trial with a small sample size.

Radiation and targeted therapies

We found two studies regarding targeted therapies spe-
cifically and intentionally used in combination with repeat 
radiation therapy [49, 50]. Wuthrick et al. completed a pilot 
study of hypofractionated stereotactic radiation therapy in 
conjunction with sunitinib [49]. Eleven patients were stud-
ied, 7 of which were progressive glioblastoma previously 
treated with radiotherapy. Results specifically for progres-
sive glioblastoma patients included an OS of 12.7 months, 
PFS of 6.4 months, PFS6 of 50%, and response rates includ-
ing 10% PR/CR, 60% with SD and 30% with PD. The 
authors concluded the results were encouraging in terms of 
PFS6 and safety and warrant further study. This was desig-
nated Class III for a small, nonrandomized cohort without 
a control group.

Wick et al. studied the effect of APG101 (CD95/CD95L 
inhibitor) with reirradiation (rRT) versus only reirradiation 
[50]. 91 patients at the first or second recurrence were ran-
domized and the irradiation only group had a PFS6 of 3.8% 
and PFS 2.5 months, while the combination treatment group 
had a PFS6 of 20.7% and PFS 4.5 months. They concluded 
CD95 pathway inhibition with rRT had clinical efficacy and 

needed further study and potentially more identification of 
patients with CD95L promoter methylation as a biomarker. 
This was designated Class II evidence with a moderate size 
population and randomization.

Synthesis

The prior guidelines on targeted therapy included studies 
on a wide array of targeted therapies. The only new stud-
ies providing encouraging results but without significant 
discernible benefit were the studies regarding Depatux-m, 
showing mOS of 7.4 to 10.7 months in early phase trials, 
and radiation with targeted therapies with one Class II 
study showing a significant benefit compared to RT alone at 
recurrence. Another promising Class II study showed only 
a trend toward a survival benefit when combining Gefitinib 
and cediranib, improving slightly upon the data in the prior 
guidelines showing a gefitinib with at most a potential effi-
cacy in monotherapy. Regorafenib, another set of class II 
data, saw a survival benefit compared to cytotoxic treatment. 
The rest of the evidence was Class III evidence with sig-
nificant limitations in trial and study designs, with no new 
data showing improved clinical benefit with tyrosine kinase 
inhibitors, buparlisib, or retinoids. Thus, there was no sig-
nificant evidence to provide a clear recommendation at this 
time. This conclusion is not meant to suggest that studies 
of targeted agents alone or in combination are not worthy 
of further investigation and it is suggested that when avail-
able, and patients meet inclusion criteria, they be enrolled 
in properly designed studies that address these modalities.

Question 5  In adults with progressive glioblastoma is the 
use of targeted agents in combination with cytotoxic thera-
pies superior to standard salvage cytotoxic chemotherapy as 
measured by progression free survival and overall survival?

Prior Recommendations: In the previously published 
guidelines on the role of targeted therapies in management 
of progressive glioblastoma in adults, targeted therapies 
other than bevacizumab in combination with cytotoxic thera-
pies were reviewed and no specific recommendations were 
made based on a lack of strong evidence supporting a clearly 
defined benefit or detriment.

Recommendation

There is insufficient evidence to support a recommendation 
regarding this question.
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Study selection and characteristics of the updated 
search

The initial search strategy included 3513 candidate articles. 
A total of 65 articles remained for full text review. From 
these, 8 articles were included in the final review for Ques-
tion 5 and are included in Table 5 [74–81].

A total of 8 papers were reviewed describing combination 
therapy with targeted therapy and cytotoxic therapy [74–81]. 
Two studies included the use of tamoxifen [75, 81]. Four of 
the studies included the use of nitrosoureas like lomustine 
and BCNU [77–80]. The remainder of studies evaluated the 
use of single agent targeted therapies with other cytotoxic 
chemotherapies [72, 74, 76].

Tamoxifen

Tamoxifen is a selective estrogen-receptor modulator that 
has been shown to have some effect in glioblastoma patients 
[82–84]. Di Cristofori et al. studied 32 adult patients receiv-
ing TMZ and tamoxifen [81]. Median OS was 17.5 months, 
with methylated MGMT patients showing a 20.5 month 
mOS and 15 months in unmethylated patients. Methylated 
patients had a time to progression interval of 11 months and 
7.5 months in unmethylated patients, with a median time 
to progression of 9.5 months. The second time to progres-
sion (after TMZ + tamoxifen) was another 7 months. Authors 
concluded there was a benefit to the dual treatment regimen 
in both patient groups. This was designated Class III evi-
dence as the study was small and without a control group. 
Next, Odia et  al. combined tamoxifen with bortezomib 
(inhibits the mammalian 26S proteasome involved in the 
ubiquitin–proteasome pathway) in 30 patients [75]. They 
closed their study early and deemed bortezomib to be of lim-
ited efficacy due to poor crossing of the blood brain barrier, 
with minimal comment on tamoxifen. This was designated 
Class III as well with lack of a control group and a nonran-
domized design.

Nitrosoureas

Batchelor et al. performed a phase III randomized trial using 
cediranib monotherapy, cediranib and lomustine, lomustine 
or lomustine alone in 325 patients [80]. The authors con-
cluded the study did not produce a prolongation of mOS 
PFS either in combination therapies or as monotherapy of 
either lomustine or cediranib. As it was a large, prospec-
tive, randomized study, this warranted Class I designation. 
Blumenthal et al. performed a phase III study of RT with 
O6-benzylguanine with BCNU versus radiotherapy and 
BCNU alone with comparison to methylation status [79]. 
Results in 88 patients showed no significant difference 
between the treatment arms and methylation status. They 

concluded that extrinsic depletion of MGMT does not neces-
sarily make glioblastoma more susceptible to BCNU alkyla-
tion therapy. The moderate size and randomized, control trial 
design portended a Class II designation.

Brandes et al. performed a phase II randomized study 
evaluating galunisertib (TGF-b inhibitor) monotherapy vs 
combination therapy with lomustine versus lomustine mono-
therapy in 158 patients [78]. mOS was 6.7 months in the 
combination group, 8 months with galunisertib monother-
apy, and 7.5 months in lomustine with placebo. The authors 
concluded that combination therapy failed to show any over-
all improvement of OS relative to the placebo plus lomus-
tine group. This warranted Class II designation for the ran-
domized, control trial design with a moderate sized patient 
cohort. Duerinck et al. evaluated axitinib (a small molecule 
tyrosine kinase inhibitor) monotherapy in comparison to 
combination with lomustine in 79 patients [77]. The authors 
concluded that axitinib improved response rate but there was 
no overall benefit as combination therapy, with the small 
case series design designating the data Class III.

Kinase inhibitors

Grisanti et al. evaluated irinotecan in conjunction with suni-
tinib [76]. They evaluated a small number of patients (n = 6) 
and never reached their PFS6 endpoint before terminating 
the trial early, generating Class III data. Schiff et al. evalu-
ated temsirolimus with sorafenib (protein kinase inhibitor 
with activity against VEGFR, PDGFR, RAF kinases) [72]. 
The study found toxicity prominent among all arms of the 
trial requiring dose reductions, resulting in a lack of effi-
cacy compared to single agent administration. The combined 
Phase I and II trial was without randomization and there was 
no control group, generating a Class III designation.

Wang et al. evaluated irinotecan with apatinib (tyrosine 
kinase inhibitor selective for VEGFR2) in 10 patients, 6 of 
which had glioblastoma [74]. The conclusion was that the 
combination may be promising, but results were limited due 
to a small patient cohort without randomization or control 
group, giving it Class III designation.

Synthesis

In the prior guidelines, there were mixed reviews regarding 
combined targeted and cytotoxic therapy regimens, without 
any studies showing reproducible proof of positive PFS or 
OS benefit. In this update, tamoxifen studies yielded Class 
III data and no overall benefit. In the data for nitrosoureas, 
all the Class I and Class II evidence available revealed there 
was no benefit beyond monotherapy with a targeted agent 
and at times with the nitrosourea alone, thus not identify-
ing any synergistic effect. The same held true for the kinase 
inhibitors combined with cytotoxic agents where all data was 



301Journal of Neuro-Oncology (2022) 158:265–321	

1 3

Class III showing no overall efficacy beyond monotherapies. 
This did not provide sufficient evidence to make a recom-
mendation regarding targeted therapies in combination with 
cytotoxic agents. This conclusion is not meant to suggest 
such combination studies are not worthy of further investi-
gation and it is suggested that when available, and patients 
meet inclusion criteria, they be enrolled in properly designed 
studies of targeted agents combined with cytotoxic agents.

Question 6  In adults with progressive glioblastoma is the 
use of immunotherapy alone superior to standard salvage 
cytotoxic chemotherapy as measured by progression free 
survival and overall survival?

Prior Recommendations: In the previously published 
guidelines on the role of targeted therapies in the manage-
ment of progressive glioblastoma in adults, immunothera-
peutic agents were not reviewed.

Recommendation

There is insufficient evidence to support a recommendation 
regarding this question.

Study selection and characteristics of the updated 
search

The initial search strategy included 904 candidate articles. A 
total of 31 articles qualified for full text review. From these, 
26 articles met eligibility criteria and were included in the 
final review for Question 6 and are included in Table 6 [71, 
85–111].

T‑Cell therapies

Ahmed et al. performed a phase I open label dose esca-
lation trial using HER2-specific CAR-T cells in 17 total 
patients, 10 of which were adult patients. Results showed 
PFS of 3.5 months and mOS 11.1 months after infusion, 
24.5 months after initial diagnosis. They concluded the 
HER2-CAR virus specific T cells (VSTs) are safe and may 
portend a clinical benefit [85]. In another specific T-Cell 
study, Schuessler et al. reported on autologous CMV specific 
T cell administration in a study including 10 patients with 
complete data. Median OS of those with at least one infusion 
was 13.4 months and concluded the therapy was safe with 
a potential long-term clinical benefit [105]. Tsuboi et al. 
studied autologous tumor specific T-lymphocytes (ATTLs) 
and suggested efficacy however with a potentially only tem-
porary antitumor effect [110]. As phase I trials with small 
patient populations, these were all designated Class III.

Vaccines

Two studies included revolved around the use of dendritic 
cell (DC) vaccination. Chang et al. prospectively investi-
gated post-operative administration of a dendritic cell autol-
ogous tumor vaccine in 6 adult progressive glioblastoma 
patients. Median OS was 36 months. The results here sug-
gest a potential benefit with this vaccine for adjuvant therapy 
after repeat resection, but as it was only in a small series of 
patients this was designated Class III evidence [89]. Sakai 
et al.’s Wilms’ Tumor DC vaccine in 6 cases resulted in a 
mOS of 8.3 months and was deemed safe, but no conclusion 
was made on efficacy in this Class III designated phase I 
trial [102]. Yamanaka et al. evaluated a DC vaccine using 
peripheral blood dendritic cells generated with GMCSF and 
interleukin-4 (IL4) and pulsed with autologous tumor lysate 
in 24 patients. They were then vaccinated intratumorally, 
or both intratumorally and intradermally. Median OS was 
15.5 months and the authors determined the vaccination trial 
proved safety in this Class III designated phase I trial [111].

Another group of vaccination trials utilized autologous 
tissue and tumors to generate specific, individualized vac-
cinations. Fakhrai et al. studied a whole-cell vaccine with 
autologous tumor cells modified with TGFb2 in 6 patients. 
Median OS was 15.9 months, and of those with an immune 
response having a median OS of 18.2 months. The com-
parison cited a historic mOS value of 11 months for con-
ventional treatment, concluding that the humoral and cel-
lular immunity inductions support further evaluation [94]. 
This was designated Class III as a small, nonrandomized 
series. Plautz et al. studied systemic adoptive therapy in 10 
patients vaccinated with irradiated tumor cells. Median OS 
was 11.3 months and there was limited data which didn’t 
provide evidence for a clinical benefit [100]. These data 
were designated Class III. Schijns et al. used Gliovac in 9 
patients, found a 40 week OS of 77%, and received approval 
for development of a phase II clinical trial [104].

Shibao et al. prospectively studied a vaccine targeting 
angiogenesis factors in 9 progressive glioblastoma patients. 
There were limited outcome data included, with two patients 
achieving SD and six PD. The authors reported a prelimi-
nary sense of efficacy and safety. As a small series phase I 
trial, this is class III [106].

Tanaka et al. studied 17 adult patients receiving human 
umbilical vein endothelial cells. PFS was 5.5 months and 
authors concluded that although the vaccine had a low radio-
logic response rate, there was a favorable mOS compared to 
historical series for patients receiving salvage therapy after 
a varying number of previous lines of treatment through 
multiple recurrences [107]. This study warranted Class III 
designation.

Several peptide vaccination studies were also included. 
Bloch et al. achieved a PFS of 4.5 months, PFS6 29.3%, 
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mOS 9.9 months with HSPPC-96. They concluded the find-
ings were comparable to the best outcomes with BEV, how-
ever they did not have a direct comparison and data were 
designated Class III [86]. Fenstermaker et al. performed a 
phase I trial with SurVaxM in specific HLA subtypes. PFS 
was 4.1 months and mOS was 20.2 months with 7 patients 
surviving beyond 12 months, concluding the vaccine was 
safe and induced an immune response in progressive GBM 
patients after failure of standard therapy [95]. This was 
designated Class III for small sample size and a lack of a 
control group. Teresaki et al. used individualized peptide 
vaccinations, achieving a mOS 10.5 months with seven 
patients showing stability of disease. Authors determined 
the vaccinations may have potential immune system boost-
ing effects and could be worthy of further evaluation [108]. 
Tsuboi et al. evaluated the Wilms tumor 1 (WT1) peptide 
vaccination in 9 progressive glioblastoma patients that com-
pleted the study. Median OS was 5.8 months and the authors 
determined this was a safe treatment regimen, but did not 
comment on efficacy [109]. All peptide vaccination studies 
were given Class III designation.

In the only Class I designated study in vaccine trials, and 
imumunotherapy, Narita et al. prospectively evaluated 88 
progressive glioblastoma with HLA-A24 positive patients 
given personalized peptide vaccines. Median OS was 
8.4 months and the trial met neither the primary endpoints or 
secondary endpoints of OS, 1 year survival rate, antitumor 
responses, PFS, or PFS6, thus deeming the treatment of no 
significant benefit [99].

Immune checkpoint inhibitors

Cloughesy et al.’s randomized pilot study of pembrolizumab 
(inhibitor of PD-1) evaluated 35 patients with surgically 
resectable progressive glioblastoma. Sixteen patients under-
went neoadjujvant and adjuvant treatment while 19 patients 
received adjuvant therapy only. Median OS in the neoad-
juvant group was 13.7 months and 7.5 months in the adju-
vant group. Median PFS-6 was 3.3 months in neoadjuvant, 
2.4 months in the adjuvant group. The authors concluded 
PD-1 monoclonal blockade showed a significant OS and 
PFS benefit in the neoadjuvant group [91]. These data were 
deemed Class III since, despite being a multi-institutional, 
randomized design with a large patient population, it was 
pilot by design. Lukas et al. studied atezolizumab, an anti-
PDL1 agent, in 16 patients and found the drug to be well 
tolerated with mOS of 4.2 months, but did not comment 
on efficacy [97]. This was designated Class III as a dose-
escalation trial. In another class III study, Reiss et al. found 
that heavily pretreated patients with high grade gliomas had 
low response rates to pembrolizumab [101].
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Three studies utilized nivolumab. Chamberlain et al.’s 
study of nivolumab, an immune checkpoint inhibitor tar-
geting PD-1, was evaluated retrospectively after progres-
sion on BEV. They found mOS from treatment initiation 
was 3.5 months with PFS 2 months, concluding there was 
minimal benefit with nivolumab after disease progression on 
BEV [88]. Schalper et al. also studied nivolumab in resect-
able glioblastoma as both neoadjuvant and adjuvant therapy, 
finding no obvious benefit [103]. Mantica et al. reviewed 
nivolumab and found the treatment was safe and a small 
subset of patients experienced disease stabilization [98]. 
All of these studies were considered Class III as two were 
retrospective and one was a small series without a control.

Other immunotherapy

Clavreul et al.’s Phase I non-randomized study of Autolo-
gous Tumor Cells (ATC) with GM-CSF by subcutaneous 
programmable pump delivery in 6 patients with progressive 
glioblastoma was performed after resection at recurrence. 
Median OS was 8.6 months and the authors concluded there 
was an immune response induced in patients but not enough 
to delay or prevent disease progression [90]. This was in a 
small group of patients without control and designated as 
Class III evidence.

Dillman et al. prospectively evaluated intralesional lym-
phokine-activated killer cells (LAKs) in 40 patients after 
surgery. Median OS was 9 months with a 12-month survival 
of 34%. The authors concluded that median survival rates 
were higher than other published series for patients undergo-
ing repeat resection [93]. As it was a relatively small study 
without a control group, this was deemed Class III.

Hau et al. evaluated AP12009, a TGFb2 inhibitor with 
patient derived glioma cells and peripheral blood mononu-
clear cells. In 19 patients undergoing direct tumor delivery, 
results showed a median OS of 10.3 months, although this 
was not a primary end point of the safety study. The authors 
concluded the treatment was safe and well tolerated [96]. 
This warrants Class III designation.

Carpentier et al.’s study evaluated 24 patients treated at 
either their first, second, or third recurrence with escalating 
doses of CpG-28. Median OS was 7.2 months and PFS6 
4.5%- and 12-month survival 28%. Authors felt the treatment 
was well tolerated, and as a phase I trial without randomi-
zation and a small patient population, this was designated 
Class III evidence [87].

Convection enhanced delivery

Desjardins et al. evaluated intratumoral convection enhanced 
delivery of recombinant polio-rhinovirus chimera in 61 
patients as a dose escalation and dose expansion trial. 
Median OS reached a plateau of 21% at 24 months which 

was sustained at 36 months and the authors concluded the 
treatment was safe and the survival rate was higher than 
among historical controls and warranted further evaluation 
[92]. This was deemed Class III as it lacked a control group 
and was a phase I dose-escalation trial.

Synthesis

The prior guidelines did not discuss immunotherapeu-
tic regimens for progressive glioblastoma. In this update, 
we reviewed the studies on convection enhanced delivery, 
varying T-Cell and autologous lymphocyte or mononu-
clear cell studies, intratumoral agent delivery, vaccinations, 
and immune checkpoint inhibitors. The highest-level data 
were in a class I study showing no obvious benefit of a per-
sonalized peptide vaccine and a class III designated study 
showing a significant survival benefit in the neoadjuvant 
and adjuvant administration of pembrolizumab, increas-
ing 6.2 months over the adjuvant only treatment group. The 
remainder of studies were Class III designations and of lit-
tle benefit in guiding treatment suggestions as they were 
mostly early, Phase I safety and tolerability trials pending 
further efficacy study. This precludes the ability to make a 
recommendation for or against immunotherapy, suggesting 
the modality still warrants further evaluation. As such it is 
suggested that when available, and patients meet inclusion 
criteria, they be enrolled in properly designed studies of 
immunotherapy.

Question 7  In adults with progressive glioblastoma is the 
use of immunotherapy in combination with cytotoxic agents 
superior to standard salvage cytotoxic chemotherapy as 
measured by progression free survival and overall survival?

Prior Recommendations: In the previously published 
guidelines on the role of targeted therapies in management 
of progressive glioblastoma in adults, immunotherapeutic 
agents in combination with cytotoxic treatments were not 
reviewed.

Recommendation

There is insufficient evidence to support a recommendation 
regarding this question.

Study selection and characteristics of the updated 
search

The initial search strategy included 904 candidate articles. A 
total of 31 articles qualified for full text review. From these, 
2 articles were included in the final review for Question 7 
and are included in Table 7 [112, 113].
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In a Phase I trial of temozolomide with monocyte derived 
dendritic cells pulsed with autologous tumor cells in 14 
patients, only 9 of which were included in study results, 
PFS6 was 22%. Hunn et al. concluded this strategy was safe 
and well tolerated, but the feasibility was marginal and of 
limited benefit [112]. Akasaki et al. performed a Phase I/II 
trial evaluating TMZ with dendritic cell pulsed with glioma 
cells in both newly diagnosed and progressive glioblas-
toma. In the seven progressive glioblastoma cases, results 
showed a mOS of 18 months, with 1 × 106 DC dose yielding 
12.6 month mOS, the 1–2 × 106 dose an 18.2 month survival, 

and the > 2 × 106 dose a 16.1 month survival. Ultimately, 
authors concluded this immunotherapy may work synergis-
tically with TMZ in progressive glioblastoma patients with 
acquired TMZ resistance [113]. As these were both small 
studies with nonrandomized cohorts lacking control groups, 
these were both designated Class III.

Synthesis

As an effect of a small number of studies with Class III 
data and limited patient populations and efficacy results, we 

Table 7   The role of immunotherapy combined with cytotoxic therapy

BEV bevacizumab, OS overall survival, PFS progression free survival, PFS6 six month progression free survival, RR response rate, PD progres-
sive disease, SD stable disease, CR complete response, PR partial response, AE adverse event, TMZ temozolomide, GBM glioblastoma, RT radia-
tion therapy

Author (year) Description of study Data class Conclusions

Akasaki (2016) Study description:
Single institution, Phase I/II trial of safety and 

efficacy of TMZ + immunotherapy with fusions of 
dendritic cells and glioma cells in progressive and 
newly diagnosed glioblastoma

Patient population:
Adult patients with glioblastoma of which 10 were 

progressive and 22 were newly diagnosed. Review 
of the 10 patients' pathology indicated Glioblas-
toma in 7, Anaplastic Astrocytoma for 2, and Ana-
plastic Oligodendroglioma in 1

Treatment regimen:
Group R (progressive, n = 10) previously underwent 

Surgical resection followed by TMZ Chemother-
apy and Radiation. At recurrence, TMZ was given 
at 150-200 mg/m2/day for 5 days of each 28 day 
treatment cycle. FCs suspended in .5 cc normal 
saline were inoculated intradermally 2 weeks after 
first maintenance dose of TMZ and repeated at 
least 3 times in each cycle. After 3rd inoculation, 
FC-inoculation was repeated every 6–12 months 
barring progressive disease

III Results:
OS: 18 m, stratified for dose of FC inocu-

lation: < 1 × 10^6 12.6 m, 1–2 × 10^6 
18.2, > 2 × 10^6 16.1 m

Toxicity:
Injection site Reaction Grade 1: 4, Lymphope-

nia/Leukopenia G1: 5, Lymphopenia/leuko-
penia G2: 2, no adverse events necessitated 
halting treatment, no correlation to number of 
inocluated FCs

Authors’ conclusions:
TMZ + FC immunotherapy may have a capabil-

ity to enhance the TMZ-based standard adju-
vant therapy for patients with GBM and may 
have a synergistic effect in progressive GBM 
with acquired chemotherapeutic resistance

Comments and conclusions:
A single institution, small nonrandomized 

study warrants Class III designation

Hunn et al. (2015) Study description:
Prospective phase I trial of TMZ plus monocyte-

derived dendritic cells (DC) pulsed with autolo-
gous tumor cells

Patient population:
14 pts with progressive GBM, 9 of whom com-

pleted the trial
Treatment regimen:
Following leukapheresis to harvest PBMC, crani-

otomy for tumor resection occurred. Three weeks 
later, patients received a priming course of three 
rounds of dendritic cell (DC)-based vaccination 
intradermally at 2-week intervals, dosing 4 × 10^6 
DC. One week after 3rd vaccine, patients began 
TMZ 150–200 mg/m^2 orally for 5 days every 
28-day cycle for up to 6 cycles. Booster vaccine of 
1 × 10^6 DC was administered 2 weeks after each 
cycle of TMZ

III Results:
Nine of 14 patients completed the initial phase 

of priming vaccinations and two cycles of 
TMZ, one had radionecrosis, one rapidly 
progressed, and in 3 the yield of DC vaccine 
was insufficient to proceed. 2 had radiological 
responses. 6 mo PFS 22%

Toxicity:
There were no grade 4 toxicities, premature 

withdrawals due to treatment-related toxicity, 
or AE directly attributable to vaccination

Authors’ conclusions:
The combined treatment was safe and well-

tolerated but feasibility in the progressive 
setting was marginal. Evidence of immune 
responses in a few patients broadly correlated 
with better clinical outcome

Comments and conclusions:
A phase 1 trial without control in a small 

cohort warrants Class III designation
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cannot make a recommendation at this time. It would be dif-
ficult to evaluate the effect without further data and larger 
studies with randomized designs with control groups, other-
wise one cannot delineate whether effects are synergistic or 
related to either the cytotoxic or immunotherapy component 
of the treatment regimen. Thus, there is insufficient evidence 
on which to base a recommendation regarding this question. 
Again, it is suggested that when available, and patients meet 
inclusion criteria, they be enrolled in properly designed stud-
ies of immunotherapy in combination with cytotoxic agents.

Question 8  In adults with progressive glioblastoma is the 
use of immunotherapy in combination with bevacizumab 
superior to standard salvage cytotoxic chemotherapy as 
measured by progression free survival and overall survival?

Prior Recommendations: In the previously published 
guidelines on the role of targeted therapies in the man-
agement of progressive glioblastoma in adults, immuno-
therapeutic agents combined with bevacizumab were not 
reviewed.

Recommendation

There is insufficient evidence to support a recommendation 
regarding this question.

Study selection and characteristics of the updated 
search

The initial search strategy included 904 candidate arti-
cles. A total of 31 articles qualified for full text review. 
From these, 1 article met inclusion criteria for inclusion in 
the final review for Question 8 and is included in Table 8 
[114].

Bota et al. evaluated ER1671 and BEV against BEV mon-
otherapy (placebo) in 9 patients, 5 in the active treatment 
group and 4 in placebo [114]. ERC1671 consisted of ERC-D 
(inactivated or irradiated whole tumor cells and lysates from 
allogeneic and autologous glioblastoma patients in combi-
nation with an immune system primer), cyclophosphamide, 
and GM-CSF. PFS was 7.3 months in the treatment group 
and 5.4 months in the placebo group. The authors concluded, 
based on interim results, that there was a meaningful sur-
vival benefit with minimal additional toxicity when add-
ing ERC1671, GM-CSF, and cyclophosphamide treatment 
to BEV. However, the small size of each cohort limits this 
interpretation and thus this study yields class III data.
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Synthesis

As there were no combination immunotherapy studies dis-
cussed in the prior guidelines, this single study does not pro-
vide enough high-level evidence to make a recommendation. 
Although designated Class III with interim results showing 
a potentially meaningful benefit over placebo when combin-
ing autologous and allogeneic tumor lysates as a vaccination 
combined with BEV treatment, no recommendations for this 
question are warranted until larger, randomized studies pro-
vide further results. It is suggested that when available, and 
patients meet inclusion criteria, they be enrolled in properly 
designed studies of immunotherapy in combination with 
bevacizumab or other targeted agents.

Discussion

Treatment for progressive glioblastoma has not signifi-
cantly changed since our prior guidelines were released, 
and there has not been a significant change in median over-
all or progression free survival. Each of our questions were 
formulated to assess the contribution made by targeted 
therapies and immunotherapy in the treatment of patients 
with progressive glioblastoma.

In regard to Question 1, bevacizumab monotherapy was 
determined to be effective when compared to standard 
salvage cytotoxic chemotherapy based on improvements 
in imaging response and progression free survival at six 
months, although it did not create any significant improve-
ment in median overall survival in progressive glioblas-
toma patients. Therefore, our recommendation remains 
unchanged from the prior guidelines released in 2014.

Question 2 sought to address BEV in combination 
with cytotoxic therapies as a superior treatment regimen 
to standard salvage cytotoxic therapy. Based on the new 
available data since 2014, this was found to have no clear 
survival benefit. More importantly, coupling that lack of 
evidence with the plethora of information on elevated tox-
icity in patients receiving BEV in combination with cyto-
toxic agents, the recommendation was ultimately made 
Level III against combination therapy. The most important 
study for this designation with Wick et al., Class I data, 
with 63.6% of patients suffering a grade 3 to 5 toxic event.

We then evaluated BEV with other targeted agents in 
Question 3. Three studies providing data that could answer 
this question included a phase I dose escalation trial and 
two small nonrandomized studies. There wasn’t evidence 
of high enough power or quality to develop a recommenda-
tion, thus further studies need to be performed to further 
elucidate the potential of this type of regimen.

Question 4 revolved around targeted therapies in rela-
tion to standard salvage cytotoxic treatment in progressive 

glioblastoma. The highest class data evaluated was Class 
II, including Brown et al. in their evaluation of cediranib 
with gorafenib with only a trend toward improved survival, 
and Wick et al. discussing CD95 pathway inhibition with 
reirradiation. The remainder of studies did not provide 
enough evidence of quality to provide a recommendation 
for or against targeted therapies alone. As such, no recom-
mendation could be made aside from requesting further 
studies be performed.

When combining targeted with cytotoxic therapy, we 
also were unable to provide a recommendation. The high-
est class evidence was Class I, where Batchelor et al. stud-
ied cediranib and did not find PFS prolongation in mono-
therapy or in combination with lomustine [80]. Two class 
II studies also did not find any survival benefit [78, 79].

Immunotherapeutics were a new addition to this set of 
recommendations. Ultimately, all groups studied under the 
question of immunotherapy as monotherapy, in combination 
with targeted agents, or in combination with BEV (questions 
5–8) did not reveal sufficient data to provide any recommen-
dations. The highest class designations were a class I study 
where Narita et al.’s Phase III trial of a personalized peptide 
vaccine found no benefit, and a class II study by Cloughesy 
et al. where they discovered a benefit in mOS with neoad-
juvant administration of pembrolizumab [91, 99]. Immune 
checkpoint inhibitors remain of potential interest, albeit pre-
sent data does not allow us to provide a recommendation.

Key issues for future research

Targeted and immunotherapies have generated a significant 
amount of interest and early research into the treatment of 
recurrent glioblastoma. Unfortunately, there remains insuf-
ficient evidence for the recommended use of many of these 
agents. However, there were some intriguing findings from 
this review, specifically the potential benefit of treatment 
with immune checkpoint inhibition prior to and after sur-
gical resection for progressive glioblastoma. This should 
generate further studies surrounding immunotherapeutics 
either as monotherapy, in conjunction with resection, or as 
combination therapies. Additional well designed, larger, 
randomized controlled clinical trials may provide additional 
information on this topic.

Conclusion

This set of recommendations does not substantially affect 
the current targeted and immunotherapy regimens being 
offered to patients with progressive glioblastoma. Ideally, 
clinical trials should include more patients to better evalu-
ate the safety and survival benefits provided. We did make a 
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Level III recommendation against bevacizumab in combina-
tion with cytotoxic agents due to the elevated toxicity and 
lack of benefit in survival, as well as a Level III supporting 
the use of bevacizumab monotherapy. However, this is not a 
significant deviation from the previously published guideline 
on this topic.

To restate, this should not ultimately change the treatment 
strategies offered by neuro-oncologic specialists in terms 
of standard treatment regimens. However, there were some 
intriguing findings, specifically the potential benefit of treat-
ment with immune checkpoint inhibition prior to and after 
surgical resection for progressive glioblastoma. This should 
generate further interesting studies surrounding immuno-
therapeutics either as monotherapy, in conjunction with 
resection, or as combination therapies.

Ultimately, several limitations exist within our analysis 
of the literature as well as within the general study designs 
that prevent our ability to make high-level recommendations. 
Our search was limited to completed trials with accessible, 
published data. Our exclusion criteria were strict, resulting 
in some trials with potentially positive findings and data 
being excluded due to survival data mixing in pediatric 
patients and/or WHO Grade III astrocytomas or gliosar-
coma. However, this allowed us to restrict our analysis to pay 
very strict attention to and make recommendations for treat-
ment of adult patients with progressive glioblastoma. On the 
other hand, we were limited in making strong recommenda-
tions as many of the trials were statistically underpowered, 
lacked control groups, sometimes lacked standardization, or 
have not yet proceeded beyond initial Phase I and Phase II 
evaluations. In the future, it may be possible that recommen-
dations on these topics will be strengthened due to creation 
of larger, randomized, multicenter trials addressing the top-
ics of the smaller studies used as evidence in this document.
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