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Background: The bevacizumab and irinotecan protocol is considered a standard treatment
regimen for recurrent malignant glioma. Recent advances in immunotherapy have hinted that
vaccination with dendritic cells could become an alternative salvage therapy for the treatment
of recurrent malignant glioma.

Methods: A scarch was performed on PubMed, Cochrane Library, Web of Science,
ScienceDirect, and Embase in order to identify studies with patients receiving bevacizumab
plus irinotecan or dendritic cell therapy for recurrent malignant gliomas. The data obtained from
these studies were used to perform a systematic review and survival gain analysis.

Results: Fourteen clinical studies with patients receiving either bevacizumab plus irinotecan
or dendritic cell vaccination were identified. Seven studies followed patients that received
bevacizumab plus irinotecan (302 patients) and seven studies included patients that received
dendritic cell immunotherapy (80 patients). For the patients who received bevacizumab plus
irinotecan, the mean reported median overall survival was 7.5 (95% confidence interval [CI]
4.84-10.16) months. For the patients who received dendritic cell immunotherapy, the mean
reported median overall survival was 17.9 (95% CI 11.34-24.46) months. For irinotecan +
bevacizumab group, the mean survival gain was —0.02+2.00, while that for the dendritic cell
immunotherapy group was —0.01+4.54.

Conclusion: For patients with recurrent malignant gliomas, dendritic cell immunotherapy
treatment does not have a significantly different effect when compared with bevacizumab and
irinotecan in terms of survival gain (P=0.535) and does not improve weighted survival gain
(P=0.620).
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Introduction

Glioblastoma multiforme (GBM) is the malignant form of glial tissue/cells and is the
most common and aggressive primary brain tumor, accounting for 50% of all adult
gliomas.!? Treating GBM (World Health Organization grade IV astrocytoma) proves
challenging due to its highly diffuse nature that makes complete surgical resection
difficult and its location behind the blood—brain barrier provides protection against
several chemotherapeutic agents. Despite recent advances, prognosis remains poor
with the median survival being ~9—15 months and 2-year survival rate being between
9% and 26%.> Standard first-line treatment for GBM involves surgical resection of
the tumor bulk followed by 6 weeks of focalized fractional radiotherapy, alongside
chemotherapy with an oral alkylating agent, such as temozolomide.!? This particular
drug regimen, along with others tried previously, does not produce an effective method
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of treatment in clinical practice as is seen in laboratory
testing. This discrepancy has been highlighted in a number
of in vitro studies,® which have consistently shown much
more promising results than is observed in vivo.*”# The most
commonly cited reason for the laboratory findings not trans-
lating well into clinical practice is a large reduction in drug
efficacy.® This reduction in potency is attributed to a variety
of structural and molecular pathways that work together to
hinder the action of the drug.”!® The first major difference
between the theoretical models, in vitro and in vivo, is the
protection that the surrounding central nervous system (CNS)
provides to the tumor, which simply does not exist in the other
testing methodologies. The first obstacle is the blood—brain
barrier, which blocks or reduces the transmission of many
drugs (including those used in the treatment of GBM) from
the bloodstream into the CNS.!! Furthermore, GBM is known
to produce highly vascularized tumors, which enables them
to sustain their rapid development. This increased level of
vasculature would be a positive factor for drug uptake, if it
were not for the irregular and tortuous nature of the vessels
that GBM create. These malformed vessels result in chaotic
and stagnant blood flow across different regions of the tumor,
which results in inadequate drug perfusion.!'™* This effect
is exacerbated by a large number of breaks in the tight junc-
tions and fenestrations of tumor capillaries. This improper
formation of vasculature leads to an increase in capillary
permeability and raises interstitial pressure, further prevent-
ing drug access into the tumor bulk.'>"* So, for an aggressive
cancer such as GBM to grow and spread as fast as it does,
it requires a more substantial supply of blood. To achieve
this, the malignant tumor stimulates angiogenesis through
upregulation of several angiogenic growth factors, such
as basic fibroblast growth factor (bGFG), platelet derived
growth factor (PDGF), and vascular epithelial growth factor
(VEGF).'" Inhibition of VEGF-mediated angiogenesis by the
monoclonal antibody bevacizumab is already used in breast
cancer to improve progression-free survival'® and may prove
a necessary supplement to anti-EGFR targeting drugs.'®

Active immunotherapy involves the introduction of
antigen-presenting dendritic cells containing a tumor-
associated antigen, which can train the host immune system
to recognize tumor cells as a pathogen to be eliminated.
Immunotherapeutic treatment has proven to be a success in
other aggressive cancers'”"? and could potentially provide
similar results for GBM.

The idea that the immune system can be utilized to treat
GBM has a lot of merit, the reason being that even though
GBM is a highly aggressive and invasive tumor, it rarely

metastasizes outside the CNS. A study by Lee et al** showed
that GBM could form metastases in immune-deficient mice,
but only when both adaptive and innate immune systems were
inactive. This study also demonstrated the ability of the innate
and adaptive immune systems to detect and destroy GBM
tumor cells after they have crossed the blood—brain barrier
and had invaded other systems — notably subcutaneous and
lung tissue.? The CNS lies behind the blood—brain barrier, in
an immune-privileged site. This protection is thought to allow
the rapid growth associated with GBM; however, increasing
numbers of studies demonstrate that the protection that this
barrier provides is not absolute, and that cells of the immune
system may permeate under specific circumstances.?’ When
GBM typically arises, the small number of antigen-presenting
cells that could potentially detect the tumor and illicit an
immune response (as seen outside the CNS) are inhibited by
the expression of high levels of MHC class I (HLA-ABC)
molecules on GBM tumor cell surfaces. These two forms of
protection work in conjunction to prevent tumor cells from
being targeted and eliminated by cytotoxic T-cells or natural
killer cells, as is seen outside of the blood—brain barrier.
There have been quite a few approaches to immune therapy
in malignant glioma patients in recent years. Targeting
immunosuppressive checkpoint pathways such as CTLA-4,
TIGIT, PD-1, LAG-3, and TIM-3%'"% have proven success-
ful in other types of cancers such as brain-metastasizing
melanoma.??” Currently, a trial that uses ipilimumab for
patients with GMB is recruiting patients (NCT02017717).
Another therapeutic approach used in glioblastoma is called
adoptive immunotherapy, which relies on autologous T-cell
transfer and chemeric antigen receptor (CAR) T-cells.
Two preclinical studies based on CAR T-cells have shown
encouraging responses against malignant glioma xenografts
in immunodeficient mice.”®* Two clinical trials using anti-
EGFRVIII CAR T-cells in patients with gliomas expressing
the EGFRVIII mutation are currently recruiting participants
to determine the safety and response to this treatment.
(NCT02442297, NCT01454596).

A more studied immunotherapeutic approach in GBM is
based on dendritic cell vaccination. Initially, immature den-
dritic cells were used but with limited results.*® This method
relied on the intrinsic nature of these antigen-presenting cells
to detect cancerous tissue and initiate an immune response.
However, it was soon discovered that in vitro maturation of
dendritic cells using various inflammatory modulators, such
as tumor necrosis factor-alpha (TNF-a), interferon-gamma
(IFN-y), interleukin-1 (IL1), and IL-4 alone or in combina-
tion yielded better results.>* Once harvested and isolated, the
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dendritic cells are mixed with the desired tumor-associated
antigen. A variety of antigen sources may be used, such as
a GBM tumor lysate, synthetic or autologous tumor proteins
(eg, EGFRvIII/delta, a common mutation found in GBM),
mRNA from apoptosed tumor cells, and radiologically inac-
tivated tumor cells.

The antigen-primed dendritic cells may be implanted
into subcutaneous or subdermal tissue, intranodally into
the lymphatics, or directly into the tumor; combined intra-
venous and intracranial injections were found to be most
effective.’! Additionally, those who responded best to the
vaccination produced greater quantities of IFN-y post-
vaccination.’? Furthermore, the same study demonstrated
that this elevated IFN-y improved the effectiveness of
subsequent chemotherapy cycles by sensitizing the tumor
to chemotherapeutic agents. The vaccination produces a
delayed-type hypersensitivity reaction, leading to tumor
infiltration of primarily CD8" cytotoxic T lymphocytes, CD4*
T helper lymphocytes, as well as natural killer cells.’*** The
effectiveness of vaccination, which depends on its ability
to increase T-cell infiltration of the tumor bulk, is reflected
in the overall survival (OS) of GBM patient. Additionally,
greater lymphocyte infiltration leads to a decrease in intra-
tumoral transforming growth factor-beta (TGF-B) levels,
which further inhibits tumor growth.??

Systematic analysis of nine Phase I and II trials, covering
409 patients and analyzing the clinical efficacy of dendritic
cell treatment for high-grade gliomas, by Cao et al** dem-
onstrated that dendritic cell immunotherapy significantly
improves patient OS and progression-free survival, but
with no significant difference in Karnofsky performance
status (quality of life assessment) when compared to con-
trol groups. Furthermore, no dose-related toxicity has been
found to be associated with dendritic cell vaccination.*® The
results reported by Cao et al show that in these selected
trials, the 1- and 5-year OS rates of patients improved from
63% and 1%, respectively, to 82% and 14%,** and the 1- and
4-year progression-free survival improved from 32% and
1%, respectively, to 70% and 27%. These results strongly
favor the use of dendritic cell immunotherapy to supplement
the current gold standard of tumor resection, radio- and
chemotherapies.

Bevacizumab had initially shown promising results in
treating recurrent high-grade gliomas,* while irinotecan,
a topoisomerase | inhibitor, has proved to be ineffective
when treating this particular malignancy even though
it displayed high blood-brain barrier permeability.3%3’
The idea that the combination of these two agents would

provide improvement in patients suffering from high-grade
gliomas was first presented in two independent studies by
Vredenburgh et al*® and Chen et al*’ in 2007. However, two
subsequent meta-analyses have shown that the combination
of bevacizumab and irinotecan has no benefit over single-
therapy bevacizumab,***! and more evidence is required to
determine which therapeutic approach is superior. The aim
of our study was to determine if the more recent, dendritic
cell therapy is an improvement over the older, more studied
therapeutic regimen based on bevacizumab and irinotecan,
which is the preferred bevacizumab-based approach by the
majority of authors. 4!

Methods

Search strategy and study selection

A systematic literature search was performed in February
2016 through PubMed, Cochrane Library, Web of Science,
ScienceDirect, and Embase in order to identify clinical
studies reporting the effect of bevacizumab plus irinotecan
or dendritic cell therapy on patients suffering from recurrent
malignant gliomas. The literature search was performed by
two independent authors. After the initial selection by each
author, the lists were compared and any disagreement was
resolved by either consulting the third author or by mutual
discussion. The search terms used to identify titles and

EEINT3

abstracts were “malignant glioma”, “recurrent”, “bevaci-
zumab”, “irinotecan”, and “dendritic cell”. No restrictions

were applied to the language or publication date.

Eligibility criteria

Published full-text articles were considered for review if they
met the following criteria: 1) reported outcome of interest
was patient OS; 2) patients were 18 years or older when they
were histopathologically diagnosed with malignant gliomas
according to WHO standards; 3) all the patients suffered from
recurrent high-grade gliomas for which they initially received
treatment before observed therapeutic failure and/or tumor
progression; and 4) treatment with either bevacizumab and
irinotecan or dendritic cell therapy. Case reports, reviews,
nonpeer-reviewed studies, conference abstracts, commentar-
ies, and letters were excluded.

Data analysis

The database was analyzed using SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were used to sum-
marize and describe the data. The outcome was influenced
by number of patients, sex, patients’ age, and histological
grade. The median overall survival (mOS) time was recorded
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for each study. We could not quantify the response rate in
the same way. Multiple regression analysis was used to
describe the association of mOS and response rate with the
basic characteristics of the patients. All the predictions were
based on observed patient information contained within the
clinical trial. The data were weighted by the square route of
the patient numbers reported in each study. This information
allowed the calculation of the predicted mOS. No information
with regard to treatment was used in calculating the predicted
OS. The influence of the treatment (bevacizumab and irino-
tecan or dendritic cell immunotherapy) was characterized by
survival gain, which is defined and validated as the difference
between observed and predicted mOS. The weighted survival
gain was considered as the product of survival gain and the
square root of the number of patients. The survival gain and
weighted survival gain obtained in the two different treat-
ments were compared using the Mann—Whitney—Wilcoxon
test. The P-values were calculated at the two-tailed level.
A P-value <0.05 was regarded as statistically significant.

Results
An initial inquiry into online literature yielded 574 titles and
abstracts. After excluding duplicates, a total of 112 titles and
abstracts were eligible for reviewing. After reviewing the
full text of the articles, only 27 studies were considered for
the eligibility criteria. Of these, only 14 studies met the eli-
gibility criteria and were included in our systematic analysis
(Figure 1). Seven studies described patients who received
bevacizumab plus irinotecan, while seven studies described
patients who received dendritic cell immunotherapy.
Patient characteristics for each study, such as number of
patients, median age, sex, tumor histology, and treatment
protocol, are described in Tables 1 and 2, while treatment
responses (mOS, predicted mOS, survival gain, and weighted
gain) are presented in Tables 3 and 4. OS was defined as
the time from enrolment in the study until death (due to any
cause). A total of 381 patients were included in our systematic
review with 302 (79.26%) of them receiving bevacizumab
plus irinotecan and 79 (20.74%) receiving dendritic cell
vaccination. The study included 243 (63.78%) males and
138 (36.22%) females. The median age for the bevacizumab
plus irinotecan group was 49 years (95% confidence interval
[CI] 45.13-52.87) and for the dendritic cell therapy group
was 43 years (95% CI 38.92-47.08). In terms of histology,
268 (70.34%) patients suffered from grade IV gliomas,
while 113 (29.63%) were diagnosed with nongrade IV
malignant gliomas. In addition, 233 (77.15%) patients receiv-
ing bevacizumab plus irinotecan were diagnosed with GBM,

Abstracts/titles identified
in online databases
(n=574)

Abstracts/titles excluded
as duplicates
(n=462)

Abstractsttitles after
duplicates removed
(n=112)

Abstracts/titles excluded
after full-text review
(n=87)

Full-text articles exluded:

 Articles not containing
patient survival (n=2)

 Articles with patient survival
with no distinction between
recurrent and newly
diagnosed tumors (n=5)

 Articles with patient survival
with no distinction between
adults and children (n=1)

o Abstract only (n=3)

* Review (n=1)

* Description of an applicable
method with no quantitative of
qualitative data (n=1)

Full-text articles
considered for
eligibility criteria (n=27)

Atrticles eligible and
included in the
systematic review (n=14)

Figure | Flowchart of the study selection for the systematic analysis.

while only 69 (22.85%) patients were diagnosed as having
grade III gliomas. In the dendritic cell vaccination group,
58 (73.41%) patients had GB while 21 (26.59%) patients
had grade III gliomas.

In terms of treatment outcome, mean reported mOS
was 7.5 (95% CI 4.84—10.16) months for patients receiving
bevacizumab and irinotecan. For patients receiving dendritic
cell vaccination, mean reported mOS was 17.9 (95% CI
11.34-24.46) months. In terms of survival gain and weighted
survival gain, four of the seven**** studies using bevacizumab
and irinotecan reported positive results for patients included
in the studies. Furthermore, only two of the seven®+ studies
which used dendritic cell vaccination presented a positive
survival gain for the patients included in the study. In com-
parison, the studies following the bevacizumab and irinotecan
protocol reported a mean survival gain of —0.02+2.00, while
the mean survival gain was —0.01+4.54 for dendritic cell
immunotherapy group. Overall, we observed that compared
with the bevacizumab and irinotecan treatment protocol,
dendritic cell vaccination does not have a statistically dif-
ferent effect on OS time (P=0.535) and does not statistically
improve weighted survival gain (P=0.620) for patients with
malignant gliomas. The survival gain distributions of the two
groups are shown in Figure 2.
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Table | Basic characteristics of analyzed studies with bevacizumab and irinotecan

Histology (n)

WHO IV WHO Il

Treatment

Study Number  Sex (n) Median age,
of patients Male Female Y€ars (range)
Bokstein et al* 20 14 6 56 (38-74)
Desjardins et al? 33 22 I 43 (22-62)
Friedman etal® 82 57 25 57 (23-79)
Kreisl et al* 48 28 20 53 (21-69)
Poulsen et al*® 52 34 18 46 (26-67)
Vredenburg et al*® 35 22 13 48 (18-66)
Vredenburg et al® 32 21 I 49 (27-66)

17

82

48

28

35

23

3

33

24

Bevacizumab (5 mg/kg) + irinotecan (125 mg/m?) every
14 days

Bevacizumab (10 mg/kg) + irinotecan (340 mg/m? for
EIAED; 125 mg/m? for non-EIAED) every 14 days,
bevacizumab (15 mg/kg) Q21d + irinotecan (340 mg/m?
for EIAED, 125 mg/m? for non-EIAED) on days 1, 8, 22,
and 29, on a 6-week cycle

Bevacizumab (10 mg/kg) + irinotecan (340 mg/m? for
EIAED; 125 mg/m? for non-EIAED) every 2 weeks
Bevacizumab (10 mg/kg) + irinotecan (340 mg/m? for
EIAED or 125 mg/m? for non-EIAED) every 2 weeks
Bevacizumab (10 mg/kg) + irinotecan (340 mg/m? for
EIAED; 125 mg/m? for non-EIAED) every 2 weeks
Bevacizumab (10 mg/kg) + irinotecan (340 mg/m? for
EIAED; 125 mg/m? for non-EIAED) every 14 days,
bevacizumab (15 mg/kg) Q21d + irinotecan (340 mg/m?
for EIAED, 125 mg/m? for non-EIAED) on days 1, 8, 22,
and 29, on a 6-week cycle

Bevacizumab (10 mg/kg) + irinotecan (340 mg/m? for
EIAED or 125 mg/m? for non-EIAED) every 2 weeks

Abbreviations: EIAED, enzyme-inducing antiepileptic drugs; Q21d, every 21 days; WHO, World Health Organization.

Table 2 Basic characteristics of analyzed studies with dendritic cell immunotherapy

Study Number Sex (n) Median age, Histology (n) Treatment
of patients Male Female Years(range) wHO Il WHO IV

Prins et al® 8 5 3 51 (26-74) 0 8 Three DC vaccinations every 14 days + booster
injections every 3 months for patients who do not
develop toxic side effects or progressive disease

Chang et al* 8 4 4 36 (24-48) 2 6 DC vaccination every week, four times; then every
2 weeks, two times; then every month, four times

Sakai et al®' 10 3 7 39 (24-64) 4 6 DC vaccination every 14 days for at least 5-7 sessions

Yamanaka et al* |0 4 6 46.5 (30.3-62.7) 3 7 DC vaccination every 3 weeks, for a maximum of
ten sessions

Yamanaka et al®' 24 16 8 46.5 31-62) 6 18 DC vaccination every 3 weeks for a maximum of
ten sessions

Yu et al?® 12 8 4 43 (342-51.8) 3 9 DC vaccination every 2 weeks for three sessions

Iwami et al*? 7 5 2 44 (30.4-57.6) 3 4 DC vaccination every 2 weeks for a maximum of

six sessions

Abbreviations: DC, dendritic cell; WHO, World Health Organization.

Table 3 Treatment response of bevacizumab plus irinotecan for patients with GBM

Study Median OS (range), Predicted Survival Weighted
weeks/months mOS gain gain
Bokstein et al*’ 7 m (95% CI 1.7-16) 7,37 -0, 37 -1, 67
Desjardins et al 65 w 13, 74 2, 46 14, 13
Friedman et al® 8.7 m (95% Cl1 7.8-10.9) 7,88 0, 82 7,38
Kreisl et al* 31 w (95% ClI 21-54) 7,11 0,59 4,09
Poulsen et al*® 30 w (95% Cl 24-37) 10, 75 -3,25 23, 41
Vredenburg et al* 42 w (95% Cl 35-60) 4, 44 1,56 9, 24
Vredenburg et al® 40w 7,66 -1,96 -11,09
Abbreviations: GBM, glioblastoma multiforme; OS, overall survival; w, weeks; m, months; Cl, confidence interval; mOS, median OS.
OncoTargets and Therapy 2016:9 submit your manuscript 6673
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Table 4 Treatment response of dendritic cell immunotherapy
for patients with GBM

Study Median OS, Predicted Survival Weighted
months mOS gain gain

Prins et al* 17,9 20, 40 -2, 50 -7,08

Chang et al®® 34 35,12 -1, 12 -3, 17

Sakai et al®' 19 20, 31 -1, 30 —4, 13

Yamanaka et al* 15, 4 13,73 1, 67 5,28

Yamanaka et al’' 15, 48 17, 92 -2, 44 —11,95

Yu et al® 28,5 18, 98 9,52 32,97

Iwami et al*? 7,5 11,39 -3,89 -10, 99

Abbreviations: GBM, glioblastoma multiforme; OS, overall survival; mOS,
median OS.

Discussion

Malignant gliomas represent one the most challenging tumors
from a therapeutic and clinical point of view. Due to the rapid
pace at which cells multiply and invade the surrounding tissue
and the number of factors which determine its resistance to
standard therapeutic protocols, tumor recurrences are gener-
ally the rule for this this type of tumor. A large number of
therapeutic approaches have been tried in the treatment of
malignant gliomas, but with limited results so far. One of these
approaches was the use of bevacizumab, a VEGF-blocking
agent with antiangiogenic properties which yielded limited
results when administered as both single therapy*—#%-5 and
in combination with temozolomide and radiotherapy.3*’

A Bevacizumab plus irinotecan
therapy

2.0+

Mean =-0.02
SD =2.002
N=7

1.5+

N
]

Frequency

0.5
/ N

2.00

0.0

—4.00 -2.00 0.00

Survival gain

Figure 2 Survival gain for the treatment protocols.

A more recent approach is the use of immune therapy, which
is based on turning the body’s own immune system against
the tumor cells.*® ¢! One variant of immune therapy is the use
of the patient’s dendritic cells in order to trigger an immune
response against malignant glioma cells.®

In this study, we compared the effects of bevacizumab
and irinotecan against the effects of dendritic cell therapy
in patients with recurrent malignant gliomas. A total of
381 patients from 14 studies were included in our study. Three
hundred and two patients received bevacizumab with irino-
tecan, while 79 patients received dendritic cell vaccination.
According to our results, the newer dendritic cell therapy
did not have a significant influence on patients’ survival in
comparison to the older, more studied bevacizumab plus
irinotecan treatment protocol. While mOS was significantly
longer in patients receiving dendritic cell vaccination, this
was not reflected in the survival gain of the patients. Of the
seven studies that involved patients undergoing dendritic cell
therapy, only two studies presented a positive survival gain,
making dendritic cell therapy similar to other salvage treat-
ment protocols used in recurrent malignant gliomas. How-
ever, interpretation of our study should be met with caution
due to the limitations of our study and lack of randomized
control trials directly comparing the effects of these two
treatment protocols. Several limitations can also influence the
outcome of this study and must be taken into consideration.

B Dendritic cell immunotherapy
3 Mean =-0.012
SD =4.541
N=7
> 27
Q
c
(2]
=
o
()
S
L ]
14 /
1
\\
0 T T T T
-250 000 250 5.00 750 10.00

Survival gain

Notes: (A) Survival gain distribution in bevacizumab plus irinotecan group and (B) survival in the dendritic cell immunotherapy group. The two treatments did not show any

benefit in survival time for patients with GBM.
Abbreviations: GBM, glioblastoma multiform; SD, standard deviation.
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First, systematic analysis studies remain a controversial
method of comparing different therapeutic protocols because
of the large number of variables pertaining to the patients
involved in each study, making the overall patient pool very
heterogeneous. Our study focused on the therapeutic combina-
tion of bevacizumab and irinotecan rather than bevacizumab
in single therapy in recurrent high-grade gliomas because of
the significantly larger number of studies using the first option
in comparison to the second. We chose not to include both
types of therapies under the same group because it would only
increase the discrepancy between the groups receiving either
bevacizumab-based regimens or dendritic cell immunotherapy
in terms of patient numbers and characteristics, leading to a
highly uneven comparison. In addition, the relatively small
number of studies (14) involved in our analysis does not cover
a sufficient number of patients to account for all the different
variables, which could influence the outcome of each indi-
vidual study. The patients who received bevacizumab and iri-
notecan also notably outnumber those who received dendritic
cell immunotherapy, potentially influencing the outcome of
our systematic analysis. Second, most of the studies in our
systematic review referred to malignant gliomas as a unique
entity in terms of treatment and outcome. We acknowledge the
difference, in terms of outcome and treatment, between malig-
nant glioma types, especially between GBM and grade 111
malignant gliomas. Some of the studies encompass patients
strictly with GBM or with grade Il malignant gliomas, while
the distribution of grade III and grade IV malignant gliomas
between the two therapeutic groups is not evenly matched.
This difference in tumor grading can influence the outcome
of the mOS in the two groups. Third, dendritic cell immune
vaccination encompasses different protocols involving a het-
erogeneous population of cells. However, due to the limited
amount of information available in literature regarding the
differences in terms of patient outcome between different
dendritic cell immunotherapies, we considered them as a
singular therapeutic entity.

Conclusion

The survival gain analysis demonstrated that there is no
real clinical benefit for patients undergoing dendritic cell
vaccination in comparison to those receiving bevacizumab
and irinotecan for the treatment of recurrent malignant
gliomas.
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