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Abstract: Glioblastoma (GBM) is the most common and fatal primary adult brain tumor. To date, 

various promising chemotherapeutic regimens have been trialed for use in GBM; however, temo-

zolomide (TMZ) therapy remains the only US Food and Drug Administration-approved first-line 

chemotherapeutic option for newly diagnosed GBM. Despite maximal therapy with surgery and 

combined concurrent chemoradiation and adjuvant TMZ therapy, the median overall survival 

remains approximately 14 months. Given the failure of conventional chemotherapeutic strategies 

in GBM, there has been renewed interest in the role of immunotherapy in GBM. Dendritic cells 

are immune antigen-presenting cells that play a role in both the innate and adaptive immune 

system, thereby making them prime vehicles for immunotherapy via dendritic cell vaccinations 

(DCVs) in various cancers. There is great enthusiasm surrounding the use of DCVs for GBM 

with multiple ongoing trials. In this review, we comprehensively summarize the safety, efficacy, 

and quality of life results from 33 trials reporting on DCV for high-grade gliomas.
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Introduction
Glioblastoma (GBM) is a lethal WHO grade IV diffuse glioma.1 It has an incidence of 

approximately 5 cases per 100,000 people,2,3 making it the most common malignant 

primary central nervous system tumor in adults. Current standard of care consists 

of maximal safe resection, adjuvant radiotherapy, and chemotherapy with temozo-

lomide (TMZ), as outlined by Stupp et al.4–6 Despite this, the prognosis for these 

patients remains dismal with a median survival of 14.6 months and 5-year survival 

of approximately 5%.2,5,6

Current treatment for GBM and other high-grade gliomas (HGGs) fails for multiple 

reasons. The infiltrative nature of the tumor precludes surgery as a curative therapy.7 

As such, GBM universally recurs, even at sites distant from the original resection. 

Furthermore, traditional chemotherapy has found little success in curing GBM; 

while TMZ is approved as a first-line therapy, the majority of tumors are MGMT 

unmethylated and show a diminished response to this drug.8–10 Radiotherapy has long 

been a mainstay in GBM treatment, but succeeds only in controlling the disease, not 

eradicating it.7 Moreover, prolonged radiotherapy is damaging to normal neural tissue, 

which may lead to clinically significant deterioration in cerebral function.11,12

The failure of current therapy to adequately treat GBM has prompted clinicians 

and scientists to look for novel means of treating this disease.13–15 As with most cancer 

therapies, there is a desire to find disease-specific treatments, which minimize harm 

to healthy cells. Over the past couple of decades, there has been a renewed interest 

in the role that the immune system plays in oncogenesis.16 As such, many novel cancer 

therapies aim to manipulate the immune response to target neoplastic cells.17–21 The 

aforementioned difficulty in treating GBM by conventional measures makes GBM 
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a prime candidate for immunotherapy research,7 yet there 

are characteristics of this tumor that continue to pose a 

challenge.

GBM has an immune suppressive microenvironment as 

a consequence of several tumor-associated factors.7 There 

is an overexpression of immune inhibitory cytokines and 

checkpoint molecules,22–27 low levels of HLA,28 and elevated 

numbers of T-regulatory cells.29–31 To add to this, patients 

with GBM are often treated with steroids to help manage the 

tumor-associated vasogenic edema, and it has been reported 

that corticosteroid use is associated with decreased circulat-

ing T-cells and an abnormal local immune response.32 Hence, 

to be successful, an immunotherapy must induce a potent 

inflammatory response that is robust enough to overcome 

this baseline level of immune suppression within the tumor 

microenvironment.

Immunotherapies harness the power and specificity of the 

immune system (particularly the adaptive immune system) 

to target tumors. One area of immunotherapy that has been 

gaining traction in treating GBM and other HGGs is den-

dritic cell vaccination (DCV) therapy. Dendritic cells (DCs) 

are professional antigen-presenting cells that express MHC 

class 1 and 2 molecules. DCs also express many costimula-

tory molecules, and are equipped with receptors that promote 

their migration to lymph nodes (LNs) after antigen capture.33 

Given these adaptive characteristics, DCs have been found 

to be the most efficient endogenous stimulus of new T- and 

B-cell responses.34,35 Mouse models have demonstrated the 

generation of antitumor immune responses that depend upon 

presentation of tumor antigens by DCs.36,37 Owing to the 

ability of DCs to control both immune tolerance and immu-

nity, and their function in linking the innate and adaptive 

immune responses, DCs have become a promising target in 

efforts to generate immune response against various forms 

of cancer.18 DCVs appear well suited to meet the challenges 

posed by the tumor milieu in GBM, and consequently, there 

has been much enthusiasm surrounding the use of DCVs as 

a therapeutic adjuvant in GBM.7

In 2010, the US FDA approved the first DCV, sipuleucel-T 

(Provenge; Dendreon, Seattle, WA, USA), for the treatment 

of castration-resistant prostate cancer.38 As data from many 

other investigators indicate a potential for immunotherapy far 

beyond that of sipuleucel-T, immune-mediated approaches 

are being actively studied for several other tumor types, 

including breast, bladder, kidney, colorectal, head/neck, lung 

and melanoma, and for hematological malignancies.39

These collectively have paved the way for a number of 

clinical trials using DCVs in patients with GBM and other 

HGGs (Table 1).40–72 This review will begin by detailing work 

that has led to the only FDA-approved DCV across all cancer 

types. It will then move on to examining published clinical 

trials using DCVs to treat GBM and other HGGs. Emphasis 

will be placed on efficacy, safety/tolerability, and patient 

focused perspectives (eg, quality of life, satisfaction, adher-

ence, etc.). Lastly, the review will draw conclusions regarding 

the future of DCVs in GBM and their role in treatment.

DC generation in vitro
CD14+ monocytes are isolated from patient peripheral blood 

mononuclear cells. These monocytes are cultured with 

granulocyte macrophage colony-stimulating factor GM-CSF 

and interleukin (IL)-4 for 5–7 days to differentiate into 

immature DCs. The immature DCs are matured in a cytokine 

cocktail with GM-CSF, IL-4, tumor necrosis factor alpha, 

IL-1β, and IL-6 for 16–20 hours. The DCs are then loaded 

with tumor antigen, for example, peptides or tumor lysate; 

the DCs process these antigens and present epitopes on their 

MHC molecules at the cell surface. These are then injected 

back into the patient.34

Current FDA approved dendritic cell 
vaccines
To date, there is only one DCV that has been granted FDA 

approval.73 Sipuleucel-T (Dendreon) was accepted in 2010 

for the treatment of metastatic, castration-resistant prostate 

cancer. The benefit of the vaccine was demonstrated in the 

Immunotherapy for Prostate Adenocarcinoma Treatment 

study.38 In this double-blind, placebo-controlled, multi-

center trial, treatment with sipuleucel-T was associated 

with improved survival in patients with asymptomatic or 

minimally symptomatic, castration-resistant, metastatic 

prostate cancer. It should be noted that there was no objec-

tive evidence of delayed time to disease progression, but 

nonetheless the development of sipuleucel-T was a milestone 

in immunotherapy for cancer treatment. At the time, it was 

expected that a flood of DCVs would follow suit and that 

they would carve out their place in cancer treatment.74 While 

there have been multiple trials for DCVs in GBM, at this time 

none of them have been granted FDA approval, owing to the 

lack of a Phase III trial demonstrating efficacy.

Clinical efficacy
The first 2 studies using DCVs for treatment of patients with 

HGGs were published in 2001. In 1 paper, Kikuchi et al tested 

a DCV that used irradiated autologous glioma cells as the 

antigen on 8 patients with recurrent HGGs. Survival time 
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Table 1 Clinical trials of DC immunotherapy for GBM and other HGGs

Study Phase Number of 
patients

Antigen Adjuvant Route Toxicities Clinical efficacy

Kikuchi et al40 I 5 GBM-r
2 AA-r
1 AO-r

Cultured glioma 
cells from surgical 
specimen

Intradermal None 2 patients had a partial 
response.

Yu et al41 I 7 GBM-n
2 AA-n

Autologous glioma 
surface peptides

Subcutaneous Fever (n=1)
Nausea (n=1)
Lymphadenopathy (n=1)

Median overall survival 
455 d for treatment 
group vs 257 d for 
control group.

Yamanaka et al42 I/II 7 GBM-r
3 AG-r

Tumor lysate from 
surgical specimen

Intradermal and 
intracavitary

Headache (n=1) 2 patients had a minor 
response (GBM).
4 patients had overall 
survival .2 y (2 GBM, 
2 AG).

Caruso et al43 I 2 GBM-r
3 EPM-r
1 AA-r
1 PXA-r

Tumor RNA from 
surgical specimen

Intradermal and 
intravenous

None 1 patient had a partial 
response (AA).
All GBM patients had 
progressive disease.

Kikuchi et al44 I 6 GBM-r
7 AA-r
2 AOA-r

Cultured glioma 
cells from surgical 
specimen

IL-12 Intradermal Fever (n=4)
Seizure (n=1)
Liver dysfunction (n=6)
Leukocytopenia (n=7)

7 patients had either 
stable imaging or a 
partial response at 
8-weeks.
2 patients 
survived .1 y.

Rutkowski et al45 I 10 GBM-r
1 PXA-r
1 ALL-r

Tumor lysate from 
surgical specimen

Intradermal Grade IV neurotoxicity 
from peritumoral edema 
(n=1)
Hematotoxicity (n=2)
Chemical meningitis (n=1)

4 patients had at least a 
partial response.
2 patients (1 GBM and 
1 PXA) who underwent 
GTR remained disease 
free .30 m after 
treatment.

Yu et al46 I 9 GBM-r
1 GBM-n
3 AA-r
1 AA-n

Tumor lysate from 
surgical specimen 

Subcutaneous Seizures (n=2)
Headache (n=3)
Fatigue (n=1)

Median overall survival 
of 133 w in study 
group vs 30 w for 
matched controls.

Liau et al47 I 5 GBM-r
7 GBM-n

Acid-eluted 
tumor-associated 
peptides (enriched 
in MHC-I)

Intradermal Seizure (n=1)
Fatigue (n=5)
Headache (n=2)
Lymphadenopathy (n=2)
Nausea/vomiting (n=3)
Myalgia (n=1)

Improved median 
time to progression 
from surgery (19.9 m 
vs 8.2 m) and overall 
survival from surgery 
(35.8 m vs 18.3 m) 
in treatment group 
compared to historical 
data.

Yamanaka et al48 I/II 18 GBM-r
2 AA-r
2 AOA-r
2 AG-r

Tumor lysate from 
surgical specimen

Intradermal and 
intracavitary 
(n=11) 

Headache (n=1) 1 partial response, 
3 minor response, and 
6 stable disease (GBM).
Median overall survival 
increased (480 d vs 
400 d in GBM).

Okada et al49 I 1 GBM-r
5 GBM-n
1 AA-r

Tumor lysate from 
surgical specimen

TFG-IL-4-Neo-
TK-transfected 
fibroblasts

Intradermal Headache (n=1) Patients with recurrent 
disease had a partial 
response.
Median time to 
progression was 6 m. 
No clinical benefit was 
observed in the newly 
diagnosed patients.

(Continued)
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Table 1 (Continued)

Study Phase Number of 
patients

Antigen Adjuvant Route Toxicities Clinical efficacy

De Vleeschouwer 
et al50

I/II 56 GBM-r Tumor lysate from 
surgical specimen

Tumor lysate Intradermal Grade IV neurotoxicity 
from peritumoral edema 
(n=1)
Hematotoxicity (n=2)
Transient focal 
neurological deficits (n=6)
Headache (n=9)
Chemical meningitis (n=1)
Nausea/vomiting (n=2)
Seizures (n=4)
Fatigue (n=7)
Myalgia (n=3)

Median overall survival 
9.6 m.
Trend toward survival 
benefit in all patients 
who had weekly 
vaccinations.
Subgroup analysis 
demonstrated 
significant benefit in 
adult patients who had 
weekly vaccinations.

Walker et al51 I 2 GBM-r
7 GBM-n
3 AA-r
1 AA-n

Irradiated tumor 
cells

Intradermal None reported 2 patients with GBM 
had partial responses 
after postvaccination 
chemotherapy.
2 patients with 
AA had a partial 
response and 1 had 
a complete response 
after postvaccination 
chemotherapy.

Wheeler et al52 II 23 GBM-r
11 GBM-n

Tumor lysate from 
surgical specimen

Subcutaneous 1 patient developed 
cutaneous GBM, which 
was attributed to delayed 
type hypersensitivity 
testing. 

17 of the 34 GBM 
patients were deemed 
vaccine responders 
based on their IFN-γ 
levels.
Overall survival was 
significantly longer in 
vaccine responders 
(642 +/− 61 d) 
as compared to 
non-responders 
(430 +/− 50 d).

Sampson et al53 I 12 GBM-n Peptide specific 
for EGFRvIII 
conjugated 
to KLH 

Intradermal None reported.
No toxicities exceeded 
grade 2 per the National 
Cancer Institute’s 
Common Toxicity Criteria

Median overall survival 
after diagnosis was 
22.8 m in vaccinated 
patients.
Trend toward survival 
benefit.

Ardon et al54 I 22 GBM-r
5 AA-r
2 PXA-r
1 AOA-r
1 AGG-r
1 DIPG-r
5 MB/PNET-r
4 EPM-r
3 ATRT-r

Tumor lysate from 
surgical specimen

Imiquimod, +/− 
tumor lysate

Intradermal Fatigue (n=8)
Headache (n=5)
Fever (n=3)
Pruritus (n=3)
Vomiting (n=2)
Flu-like illness (n=1)

Median overall survival 
for GBM patients was 
12.2 m.
4 Patients with GBM 
were long-term 
survivors .24 m.
Median overall survival 
in all HGG patients was 
13.5 m.

Ardon et al55 I 8 GBM-n Tumor lysate from 
surgical specimen

Tumor lysate Intradermal Grade IV status 
epilepticus (n=1)
Grade IV ischemic stroke 
(n=1)
Grade III hematotoxicity 
(n=1)
Seizures (n=1)

Median overall survival 
was 24 m.
Median progression- 
free survival was 18 m.

(Continued)
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Table 1 (Continued)

Study Phase Number of 
patients

Antigen Adjuvant Route Toxicities Clinical efficacy

Dysphasia (n=3)
Lymphopenia (n=1)
Fatigue (n=4)
Transient confusion (n=2)
Malaise (n=1)
Myalgia (n=1)

3 patients were alive at 
time of last follow-up, 
with one being free 
from recurrence 
at 34 m.

Chang et al56 I/II 8 GBM-r
8 GBM-n
1 AA-r
1 MOG-r
1 MOG-n

Heat shocked and 
irradiated tumor 
cells

Subcutaneous Grade I–IV lymphopenia 
(n=9)
Elevation in AST/ALT 
(n=8)

Median overall survival 
520 d vs 380 d.
18.8% of vaccinated 
GBM patients had 
survival .5 y.

Fadul et al57 I 10 GBM-n Irradiated tumor 
lysate

Intranodal Neck pain (n=1) Median progression-
free survival and overall 
survival 9.5 m and 
28 m, respectively.
4 patients alive 
without evidence of 
progression at time of 
last follow-up (.26 m).

Okada et al58 I/II 13 GBM-r
5 AA-r
3 AO-r
1 AOA-r
All patients 
were 
HLA-A2+

GAA epitopes 
from synthetic 
peptides 
(IL-13Rα2, EphA2, 
gp100, YKL-40)

Poly-ICLC 
(intramuscular)

Intranodal Lymphopenia (n=1)
Fatigue (n=16)
Myalgia (n=7)
Fever (n=5)
Chills/rigors (n=4)
Headache (n=7)

Median time to tumor 
progression was 4 m 
and 13 m for GBM and 
AA, respectively.
2 GBM patients had 
objective tumor 
regression (1 partial 
response and 1 
complete response).
5 patients were alive at 
time of last follow-up.

Prins et al59 I 8 GBM-r
15 GBM-n

Tumor lysate from 
surgical specimen

Imiquimod or 
Poly-ICLC

Intradermal Transient increase in 
T2/FLAIR hyperintensity 
(n=3)
Palpable lymphadenopathy 
(n=1)
Fatigue (n=4)
Nausea/vomiting (n=4)
Diarrhea (n=1)
Constipation (n=1)
Fever (n=2)
Myalgia/arthralgia (n=2)
Shingles (n=1)
Allergic rhinitis (n=1)
Pruritus (n=2)
GERD/abdominal pain 
(n=2)
Headaches (n=1)
Rash (n=2)
Lip blisters (n=1)

Median overall survival 
31.4 m.
Median time to tumor 
progression 15.9 m.
Median overall survival 
significantly longer 
in patients treated at 
initial diagnosis of GBM 
compared to recurrent 
patients.

Akiyama et al60 I 7 GBM-r
1 AA-r
1 AO-r
All patients 
were either 
HLA-A2+ or 
HLA-A24+

Synthetic peptides 
(WT-1, HER2, 
MAGE-A3, 
MAGE-A1, and 
gp100)

None Intradermal Mile hepatic dysfunction 
(n=1)

1 patient had stable 
disease for 2 y.
8 patients had 
progressive disease. 

(Continued)
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Table 1 (Continued)

Study Phase Number of 
patients

Antigen Adjuvant Route Toxicities Clinical efficacy

Ardon et al61 I/II 77 GBM-n Tumor lysate from 
surgical specimen

Boost vaccines Intradermal Grade V infection (n=1)
Grade IV status 
epilepticus (n=4)
Grade IV ischemic stroke 
(n=1)
Grade III/IV 
hematotoxicity (n=19)
Grade III/IV dementia 
(n=1)
Seizures (n=5)
Atopy to TMZ (n=1)
Abscess (n=1)
DVT (n=1)
Hydrocephalus (n=1)
Ischemic bowel (n=1)
Lung/peripheral edema 
(n=1)
Osteoporotic fracture 
(n=1)

Median overall survival 
18.3 m in ITT analysis.
Median progression-
free survival 10.4 m 
in the ITT group vs 
20.4 m in the PP group.
MGMT promoter 
methylation associated 
with significantly better 
survival.

Cho et al62 II 18 GBM-n
16 GBM-n 
(control)
Randomized

Tumor lysate from 
surgical specimen

Subcutaneous Transient hepatotoxicity 
(n=1)
Mild lymphopenia (n=1)
Scalp infection (n=1)
Post-op hemiplegia (n=1)
Elevated ICP (n=1)
Nausea/vomiting (n=2)

Median overall survival 
of treatment group 
31.9 m vs 15.0 m for 
control group.
Median progression-
free survival of 
treatment group 8.5 m 
vs 8.0 m for control 
group.

Jie et al63 II 13 GBM-n
12 GBM-n 
(control)
Non-
randomized

Heat shocked 
tumor cells

Subcutaneous Fever (n=2) Median overall survival 
17.0 m in treatment 
group vs 10.5 m for 
control group.
Median progression-
free survival 11.92 m 
for treatment group vs 
7.75 m for control. 

Lasky et al64 I 4 GBM-r
1 GBM-n
1 AA-r
1 AOA-n
All pediatric 
patients

Tumor lysate from 
surgical specimen

Intradermal Grade IV elevation of 
alkaline phosphatase 
(n=1)
Headache (n=7)

2 patients with newly 
diagnosed tumors alive 
at time of last follow-
up (.40 m).
All patients with 
recurrent tumors died 
within 10 m of surgery.

Phuphanich et al65 I 3 GBM-r
17 GBM-n
1 Brainstem 
glioma
All patients 
were 
HLA-A1+ or 
HLA-A2+

TAA epitopes 
synthetic peptides 
(HER2, TRP-2, 
gp100,
MAGE-1, 
IL-13Rα2, and 
AIM-2)

Intradermal Diarrhea (n=1)
Fatigue (n=3)
Flushing (n=1)
Pruritus (n=2)
Rash (n=2)
Vomiting (n=1)

Median overall survival 
38.4 m.
6 patients had no 
evidence of recurrence 
from 49 m to 66 m.
Median progression-
free survival was 
16.9 m.

Prins et al66 I Tumor lysate 
study
8 GBM-r
15 GBM-n
5 AA

2 parallel studies – 
one used tumor 
lysate from the 
surgical specimen 
and the other

Intradermal Fatigue (n=8)
Nausea/vomiting (n=8)
Diarrhea (n=3)
Fever (n=4)
Lymphadenopathy (n=2)

60% of screened 
patients were ineligible 
for the GAA study 
based on HLA type.

(Continued)
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Table 1 (Continued)

Study Phase Number of 
patients

Antigen Adjuvant Route Toxicities Clinical efficacy

GAA study
2 GBM-r
2 GBM-n
2 AA
Patients 
in GAA 
study were 
HLA-A2+

used GAAs 
(survivin, her-2/
neu, gp100,
and TRP-2).

Myalgia (n=1)
Pruritus (n=2)
Rash (n=7)
Anorexia (n=1)
GERD/abdominal pain 
(n=3)
Arthralgia (n=3)
Shingles (n=1)
Rhinitis (n=1)
Constipation (n=1)
Blisters (n=1)
Seizures (n=6)
Twitching/tremor (n=2)
Spasms (n=1)
Photophobia (n=1)
Vertigo/dizziness (n=2)
Sensation changes/
paresthesias (n=8)
Flu-like illness (n=2)
Motor neuropathy (n=1)
Diplopia (n=1)
Otitis (n=1)
Nephrolithiasis (n=1)
Nail bed changes (n=1)

Median overall survival 
for tumor lysate study 
was 34.4 m.
Median overall survival 
in GAA study was 
14.5 m.

Vik-Mo et al67 I/II 7 GBM-n Transfection 
of mRNA from 
glioma stem cells.

+/− booster 
vaccines 

Intradermal Grade III fatigue (n=1)
Seizures (n=1)
Grade I–II fatigue (n=6)
Anorexia (n=5)
Pain (n=4)
Nausea/vomiting (n=2)
Constipation (n=2)

Median overall survival 
759 d vs 585 d for 
matched controls.
3 patients survived 
.1,000 d.

Hunn et al68 I 14 GBM-r Autologous tumor 
lysate previously 
exposed to TMZ

Intradermal Grade III syncopal event 
(n=1)
Thrombocytopenia (n=3)
Post-op neurological 
deficit (n=1)
Seizure (n=3)
Headache (n=2)
Nausea/vomiting (n=2)

2 patients had 
prolonged progression-
free survival.
Median overall survival 
from initial diagnosis 
was 23 m.
Immune response 
(based on IFN-γ levels) 
was associated with 
better overall survival.

Mitchell et al69 I/II 12 GBM-n Transfected 
synthetic pp65 
mRNA from CMV 

Td toxoid or 
mature DCs 
used as site 
preconditioning 

Intradermal None reported Proportion of DCs in 
VDLNs much greater 
in patients given Td.
Median overall and 
progression-free survival 
for Td group inestimable 
as 3/6 patients were 
alive without evidence 
of progression at last 
follow-up (.44.1 m).
Median progression-
free and overall survival 
10.8 m and 18.5 m for 
DC group.
IDH reported.

(Continued)
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was not reported in the study, but the authors did note that 

2 patients exhibited a partial response to the treatment.40 

The other paper published in the same year by Yu et al 

investigated a DCV using autologous tumor cell surface 

peptides as the antigen. Interestingly, they saw an increase in 

median overall survival for 9 patients with newly diagnosed 

HGGs (7 GBM) from 257 days to 455 days when compared 

to historical controls.41

In addition to the 2 abovementioned papers, there were 

14 studies published from 2001 to 2010 detailing the use 

of DCVs for the treatment of GBM.42–55 Of these, 10 of 

the trials used either autologous tumor lysate or cultured 

tumor cells from the surgical specimen to create their 

DCV,42,44–46,48–50,52,54,55 1 used irradiated autologous tumor 

cells,51 1 used tumor RNA from the surgical specimen,43 

1 used tumor associated peptides, and 1 used a peptide spe-

cific for EGFRvIII conjugated to keyhole limpet hemocyanin 

(KLH).53 The breakdown of published trials by antigen used 

in DCV creation is outlined in Figure 1. In this early era of 

DCV immunotherapy, 12 of the 16 published studies were 

Phase I trials. Published studies by phase of trial are shown 

in Figure 2. Nonetheless, there were early signs that DCV 

therapy might prove beneficial in the treatment of HGGs.

In 2004, Kikuchi et al published a follow-up to their origi-

nal paper, but in this study, they included an IL-12 adjuvant to 

the DCV. At the 8-week mark, 7 of 8 patients either had stable 

Table 1 (Continued)

Study Phase Number of 
patients

Antigen Adjuvant Route Toxicities Clinical efficacy

Sakai et al70 I 6 GBM-r
2 AA-r
1 AOA-r
1 OG-r

WT-1 antigen 
and/or tumor 
lysate from 
surgical specimen 
(depending on 
immunostaining 
for WT-1)

Intradermal Fever (n=6)
Fatigue (n=6)

Median overall survival 
in all patients: 26 m 
(19 m post-initial 
vaccine).
Median overall survival 
in GBM patients: 
18 m (7 m post-initial 
vaccine).
1 patient with GBM 
was alive at last 
follow-up (.46 m).

Batich et al71 I 11 GBM-n Transfected 
synthetic pp65 
mRNA from CMV 
admixed with 
GM-CSF

Dose 
intensified 
TMZ

Intradermal Grade III immunologic 
reaction related to GM-
CSF sensitization (n=1)

Median overall survival 
of 41.1 m vs 19.2 m for 
historical controls.
Median progression-
free survival of 25.3 m 
vs 8.0 m for historical 
controls.
4 patients alive 
without evidence of 
progression at time of 
last follow-up (.59 m).

Inogés et al72 II 31 GBM-n Tumor lysate from 
surgical specimen

Intradermal Fatal bacterial pneumonia 
(n=2)
Grade III neutropenia 
(n=2)
Grade III 
thrombocytopenia (n=2)
Post-op neurological 
deficit (n=2)
Investigators claimed 
all adverse events were 
unrelated to vaccine.

Median overall survival 
of 23.4 m.
Median progression-
free survival of 12.7 m.
No correlation was 
found between immune 
response and survival.
MGMT promoter 
methylation was 
associated with 
improved survival.

Abbreviations: -n, new diagnosis; -r, recurrent tumor; AA, anaplastic astrocytoma; AG, anaplastic mixed glioma; AGG, anaplastic ganglioglioma; ALL, acute lymphocytic 
leukemia; AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastrocytoma; ATRT, atypical teratoid-rhabdoid tumor; CMV, cytomegalovirus; d, days; DC, dendritic cell; 
DIPG, diffuse intrinsic pontine glioma; DVT, deep venous thrombosis; EPM, ependymoma; GAA, glioma associated antigen; GBM, glioblastoma; GERD, gastroesophageal reflux 
disease; GM-CSF, granulocyte-macrophage colony-stimulating factor; GTR, gross total resection; HLA, human leukocyte antigen; HGG, high-grade glioma; ICP, intracranial 
pressure; IDH, isocitrate dehydrogenase; IFN, interferon; IL, interleukin; ITT, intention to treat; KLH, keyhole limpet hemocyanin; m, months; MB, medulloblastoma; MHC, 
major histocompatibility complex; MOG, malignant oligodendroglioma; mRNA, messenger ribonucleic acid; Poly-ICLC, polyinosinic-polycytidylic acid stabilized by lysine and 
carboxymethylcellulose; PNET, primitive neuro-ectodermal tumor; PP, per protocol; PXA, pleomorphic xanthoastrocytoma; Td, tetanus diphtheria; TMZ, temozolomide; 
VDLN, vaccine draining lymph node; WT, Wilms tumor; y, years.
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neuroimaging or a partial response to treatment. Yu et al also 

conducted another study of 14 patients with either new or 

recurrent HGGs who were treated with a DCV created from 

autologous tumor lysate. In this study, the authors saw a 

statistically significant increase in median survival for vac-

cinated patients (133 weeks) when compared to age, sex, and 

disease matched controls (30 weeks).46 Liau et al published 

the results of a Phase I trial, in which the investigators treated 

12 patients with GBM (5 recurrent and 7 newly diagnosed) 

with a DCV that used acid-eluted, tumor-associated peptides 

as the antigen. Vaccine-treated patients had significantly 

increased progression-free (19.9 months vs 8.2 months) 

and overall survival (35.8 months vs 18.3 months) when 

compared to historical controls.47 Wheeler et al conducted a 

Phase II study in 2008 wherein they treated 34 patients with 

GBM (23 recurrent and 11 newly diagnosed) with a tumor 

lysate DCV. The authors also measured patient interferon 

gamma (IFN-γ) levels as an indication of patient response 

to the vaccine. Interestingly, there was a significant increase 

in median survival (642 days vs 430 days) in the 17 patients 

who were deemed vaccine responders based on the pre-

treatment and post-treatment IFN-γ levels.52 Lastly, Ardon 

et al published a pair of studies in 2010. In the first of these, 

the authors treated 45 patients with a variety of central 

nervous system tumors, including 32 HGGs, with a DCV 

created using tumor lysate and adjuvant imiquimod +/− tumor 

lysate. HGG patients had a median survival of 13.5 months, 

and there were 4 of 22 patients with recurrent GBM who 

survived greater than 24 months. In their second paper, 

8 patients with newly diagnosed GBM were treated with a 

DCV created from tumor lysate, with additional tumor lysate 

as an adjuvant therapy. Median progression-free survival was 

18 months, and 3 patients remained alive at the time of last 

follow-up (.34 months).

Other studies published from 2001 to 2010 were less 

clear as to whether HGG patients treated with DCVs expe-

rienced any significant benefit. Yamanaka et al published 

2 papers during this time. In their first study (2003), 2 of 7 

patients with recurrent GBM survived greater than 2 years,42 

while their Phase I/II study published in 2005 saw a small 

increase in median survival (480 days vs 400 days) when 

compared to age, sex, and disease matched controls. In the 

study published by Caruso et al in 2004,43 both patients 

who had recurrent GBM saw their disease progress, while 

Rutkowski et al reported that 1 of 10 patients with recur-

rent GBM remained disease free after 30 months. In 2007, 

Okada et al published a study in which they treated 7 patients 

(1 recurrent GBM, 1 recurrent anaplastic astrocytoma [AA], 

and 5 recurrent GBM) with a tumor lysate DCV along with 

TFG-IL4-Neo-TK-transfected fibroblasts as an adjuvant. 

Interestingly, there was no benefit to the patients with newly 

diagnosed GBM, but those with recurrent disease experi-

enced a partial response. De Vleeschouwer et al published 

the largest trial during 2008. In this study, the investigators 

treated 56 patients with recurrent GBM using a tumor lysate 

DCV with adjuvant injections of tumor lysate on its own. 

There were various treatment schedules, and while there 

was no statistically significant increase in survival for the 

entire cohort, subgroup analysis revealed a survival benefit 

in adult patients who had weekly vaccinations. A study by 

Walker et al used irradiated tumor cells as the DCV antigen 

and subsequently treated 13 patients with HGGs (9 GBM and 

4 AA). Only 2 patents with GBM and 2 patients with AA 

experienced partial responses, while 1 patient with AA had 

a complete response after treatment with the DCV. Finally, 

Sampson et al saw a trend toward survival benefit in their 

2009 study where they used peptide specific for EGFRvIII 

conjugated to KLH as their DCV antigen.

Figure 1 Dendritic cell vaccine studies by antigen type.

Figure 2 Dendritic cell vaccine studies by phase of trial.
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From 2011 to 2017, there have been 17 trials published 

on DCVs for the treatment of HGGs (Figure 1). During this 

period, there were 9 Phase I, 5 Phase I/II, and 3 Phase II 

trials published (Figure 2). Lastly, the trials conducted during 

this period were slightly larger on average (21.5 patients vs 

17.9 patients) than those that took place between 2001 and 

2010. As knowledge surrounding DCV therapy advanced, 

published studies continued to elucidate the potential role 

for DCVs in the treatment of HGGs.

Tumor lysate was still the most common antigen used to 

create study vaccines during this time frame. Of these trials, 

the majority suggested that DCVs might benefit patients with 

HGGs. There were 3 such studies published in 2011. Chang 

et al treated 19 patients with HGGs using a DCV created 

from heat shocked and irradiated tumor cells. The partici-

pants had an impressive response, with a median survival 

of 520 days, and 18.8% of vaccinated patients surviving 

longer than 5 years. Fadul et al reported on a small trial of 

10 newly diagnosed GBM patients who were treated with 

a DCV from irradiated tumor lysate. The participants had 

a median progression-free and overall survival of 9.5 and 

28 months, respectively. Importantly, 4 of the 10 patients 

were alive at time of last follow-up (.26 months after their 

diagnosis).57 Prins et al also performed a small Phase I trial 

where they enrolled 8 recurrent and 15 newly diagnosed 

patients with GBM. Participants were treated with both 

the tumor lysate DCV, and adjuvant imiquimod or Poly-

ICLC. Median time to tumor progression was an impressive 

15.9 months, and median overall survival was 31.4 months. 

The authors found improved overall survival in patients 

treated at initial diagnosis, compared to those with recurrent 

disease.59 In 2012, Ardon et al enrolled 77 patients with 

newly diagnosed tumors in a Phase I/II study. Patients were 

initially treated with DCVs before radiochemotherapy, and 

boost injections were given throughout its course. Median 

overall survival was 18.3 months in the intention-to-treat 

group, which improved to 20.4 months using a per protocol 

analysis. Unsurprisingly, MGMT promoter methylation 

was associated with improved overall survival.61 Cho et al 

performed a randomized Phase II trial wherein 18 patients 

with a new diagnosis of GBM were assigned to receive DCV 

and 16 patients were assigned to conventional treatment 

alone. They reported a dramatic increase in overall survival 

among the treatment group when compared with the con-

trol group (31.9 months vs 15.0 months).62 In a different 

patient population, Lasky et al used DCVs to treat a small 

cohort of 7 pediatric patients with HGGs in a Phase I study. 

While 2 patients who had newly diagnosed tumors survived 

greater than 40 months, all patients with recurrent disease 

passed away within 10 months of repeat surgery.64 In 2015, 

Hunn et al attempted to circumvent TMZ resistance by treat-

ing 14 patients with recurrent GBM using a DCV created 

from autologous tumor lysate, which was exposed to TMZ 

before vaccine creation. Two of the patients had a prolonged 

progression-free survival of greater than 12 months. Patient 

IFN-γ levels were measured to assess immune response 

and correlated with patient survival.68 Lastly, Inogés 

et al published the results of a Phase II trial in 2017. The 

investigators treated 31 patients with newly diagnosed GBM 

using a DCV from autologous tumor lysate. Median overall 

survival was 23.4 months, but surprisingly, there was no 

association found between patient immune response and 

survival. Again, MGMT promoter sequence methylation 

was associated with increased survival.72

The use of tumor-associated antigens (TAAs) as target 

peptides for DCVs gained popularity during the period from 

2011 to 2017. Okada et al published 1 such paper in 2011, 

where the authors treated 22 patients with recurrent HGGs, 

all of whom were HLA-A2+, with a DCV primed against 4 

TAAs: IL-13Rα2, EphA2, gp100, and YKL-40. Patients also 

received adjuvant treatment with Poly-ICLC. Median time 

to tumor progression in vaccine-treated patients with GBM 

was 4 months, compared to 12 months for other malignant 

gliomas.58 The following year, Akiyama et al published the 

results of a Phase I trial where they treated 9 recurrent HGG 

patients, who were either HLA-A2+ or HLA-A24+, with a 

DCV created using a different set of TAAs: WT-1, HER2, 

MAGE-A3, MAGE-A1, and gp100. The results of this study 

left much to be desired, as 8 of 9 patients had disease progres-

sion despite the therapy.60 In 2013, Phuphanich et al published 

another Phase I trial, in which they treated 20 patients with 

GBM and 1 brainstem glioma patient with a DCV primed 

against various synthetic peptides (HER2, TRP-2, gp100, 

MAGE-1, IL-13Rα2, and AIM-2). Median progression-free 

and overall survival was an impressive 16.9 and 38.4 months, 

respectively.65 Lastly, Sakai et al performed another small 

Phase I trial in 10 patients with recurrent HGGs, which they 

published in 2015. In this study, the investigators performed 

immunostaining for WT-1 on the surgical specimens. Patients 

whose tumors stained positive were treated with a DCV 

primed against WT-1, whereas patients who stained negative 

were treated with a DCV borne from autologous tumor lysate. 

Median overall survival was 26 months in the entire cohort 

and 18 months in the 6 patients who had recurrent GBM.70

There were 3 studies from 2011 to 2017 where trans-

fected mRNA was used as the antigen to create DCVs. 
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Vik-Mo et al published the first of these in 2013. In their 

Phase I/II trial, the investigators treated 7 patients with 

GBM using a DCV primed against transfected tumor 

mRNA. The participants had a median overall survival of 

759 days, which compared favorably to matched histori-

cal controls, who only had median survival of 585 days.67 

In 2015, Mitchell et al, working under the supervision of 

Sampson et al, used transfected pp65 mRNA from cyto-

megalovirus as the DCV antigen to treat 12 patients with 

a new diagnosis of GBM in a Phase I trial. They also used 

tetanus-diphtheria (Td) toxoid or matured DCs as site 

preconditioning, prior to injecting the DCV. The authors 

reported that 3 of the 6 patients in the Td group were alive 

without evidence of disease at time of last follow-up (greater 

than 44.1 months). In the DC preconditioning group, 

median progression-free and overall survival was 10.8 and 

18.5 months, respectively.69 The same author group, this 

time led by Batich et al, published another Phase I study 

using transfected pp65 mRNA as DCV antigen in 2017. 

This time the vaccine was admixed with GM-CSF, and 

patients received dose-intensified TMZ. For the 11 patients 

treated, median overall survival was 41.1 months, compared 

to 19.2 months for historical controls.71

There was one publication on DCV therapy in HGGs 

that combined the results of 2 parallel studies. In 2013, 

Prins et al performed a comparison of DCV therapy using 

tumor lysate vs TAAs in the creation of their DCVs. A total 

of 28 patients were treated with the tumor lysate DCV and 

6 patients received the TAA DCV. All patients in the TAA 

group were HLA-A2+. Median overall survival in the tumor 

lysate group was 34.4 months, compared to 14.5 months in 

the TAA group. Of note, the authors reported that 60% of 

patients screened for the TAA group were ineligible based 

on HLA typing, which they cited as a limitation of this 

antigen choice.66

Recurrent vs de novo HGGs
Recurrent HGGs are met with an exceptionally poor 

prognosis. As such, many of the early trials for DCVs as 

a treatment for HGGs were conducted on patients with 

recurrent disease. Overall 12 of the 33 published trials 

were performed in patients whose disease recurred after 

initial treatment.40,42–45,48,50,54,58,60,68,70 Not surprisingly, success 

was limited in this patient population, with only 2 studies 

reporting survival benefit.48,50 However, many of the early 

studies on relapsed HGGs reported other findings, such as 

radiological response or immune response after vaccination, 

making any conclusions on survival benefit difficult.

There were 10 studies published that included both 

recurrent and de novo HGGs.46,47,49,51,52,56,59,64–66 Results in this 

group were more encouraging, as 5 of the trials reported a 

survival benefit.46,47,52,56,59 Importantly, 2 papers compared 

the benefit associated with DCV therapy between recurrent 

and de novo HGGs, with both seeing improved efficacy in 

newly diagnosed patients.59,64

Eleven studies looked exclusively at DCV therapy in de 

novo HGGs,41,53,55,57,61–63,67,69,71,72 and results from these trials 

were mostly positive as 7 trials reported a survival benefit 

associated with DCV use.41,53,61–63,67,71 Although it is possible 

that DCV therapy is more effective in newly diagnosed 

HGGs than recurrent disease, heterogeneity in the reporting 

of outcomes and conduct of trials limits meaningful com-

parison. Many of the early trials on recurrent patients were 

small Phase I studies designed to assess safety and feasibility 

of DCV therapy, whereas the newer trials that include de 

novo tumors are aimed at assessing survival. Furthermore, 

it is possible that survival benefit in the patients with new 

diagnoses of HGGs is due to a lead-time effect, as opposed 

to improved efficacy in tumors that have not been previously 

treated. Nonetheless, the most important takeaway from this 

qualitative analysis may be that DCVs have been reported 

to improve survival in both recurrent and de novo HGG 

patients, at least in a portion of the published trials. The 

underlying reasons why some patients respond, and others 

do not, regardless of the novelty of their tumor, remain to 

be elucidated.

Safety and tolerability
Five publications reported no toxicities related to the use 

of DCV therapy. In total, there were 399 adverse events 

reported, not including the expected minor delayed type 

hypersensitivity reaction at the injection site. The most 

common adverse event was fatigue, which occurred in 11% 

of the patients enrolled in the trials. There are several severe 

adverse events that warrant mention.

Three patients suffered from fatal adverse events during 

their study participation. One of these was reported as a 

grade V infection,61 and the other 2 were reported as fatal 

bacteria pneumonia.72 There was also a number of partici-

pants who suffered from significant neurotoxicity: 5 patients 

developed status epilepticus;55,61 2 patients had significant 

peritumoral edema, which caused grade IV neurotoxicity;45,50 

and 2 patients suffered from ischemic strokes.55,61 Lastly, 

1 patient developed an ischemic bowel,61 1 patient suffered 

from a deep venous thrombosis,61 and 1 patient had a grade IV 

elevation in their alkaline phosphatase.64
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There was substantial variation among the publications 

in the reporting of adverse events. Authors rarely mentioned 

the grade of the adverse events (as specified by the National 

Cancer Institute – Common Terminology Criteria for the 

Reporting of Adverse Events) unless they were grade VI 

or greater. In addition, many of the reported adverse events 

may not have been related to DCV administration (eg, post- 

operative neurological deficit).62,68,72 Nonetheless, most 

adverse events reported were minor, and DCVs appear to have 

an acceptable safety profile, especially considering the poten-

tial clinical efficacy highlighted in the preceding section.

Quality of life
Of the 33 published studies on DCV treatment for HGGs, 

only 6 papers formally assessed quality of life as an outcome 

measure. Two papers published by Ardon et al in 2010 used 

the Fertigkeitenskala Münster-Heidelberg (FMH) question-

naire to assess quality of life during DCV treatment.54,55 This 

is a self-reported questionnaire that assesses one’s ability to 

carry out daily activities.75 One of these papers also used the 

QLQ-C30,55 a scale developed by the European Organization 

for Research and Treatment of Cancer that assesses functional 

disability, somatic symptoms, global health, and overall 

quality of life.76 In one of these studies, all patients reported 

FMH scores below the 35th percentile, meaning that they 

all had difficulty performing daily activities. However, the 

authors point out that their scores did not change significantly 

during DCV therapy, indicating that much of the disability 

may be secondary to their disease, and/or other therapies.54 

The group’s other paper found FMH scores to remain quite 

high during their vaccine treatment, and most patients were 

able to continue carrying out their daily activities. This find-

ing was supported by the QLQ-C30, as 6 out of 7 patients 

in the study rated their general health and overall quality of 

life as good.55

Two studies published in 2012 also assessed quality of 

life in patients undergoing DCV therapy. Cho et al, using 

the Karnofsky Performance Scale (KPS) as their outcome 

measure, found that median KPS was higher in patients 

undergoing DCV therapy (70) than those in the control 

group (50) at the end of the trial.62 Another study by Jie et al 

found patients undergoing DCV therapy to maintain their 

functional dependence better than those in control groups. 

At 6- and 9-month follow-up, a significantly higher propor-

tion of patients in the DCV group were fully independent 

compared with patients who did not receive DCV.63

Lasky et al made a very brief mention of quality of life 

in their results of a study of 7 pediatric patients with HGGs. 

They simply pointed out that 2 patients who were among the 

3 patients to receive DCV suffered mild hemiparesis from 

their tumor surgery but were cognitively well and alive at 

the time the paper was published. Lastly, Hunn et al reported 

on quality of life in their 2015 study. Using the QLQ-C30, 

the investigators found that patients’ general health and 

overall quality of life remained generally stable during 

their DCV therapy. They reasoned that DCV therapy was 

reasonably well tolerated and did not significantly increase 

the morbidity related to chemotherapy and surgery in the 

treatment of HGGs.

Perspectives and future directions
The positive results and relative safety seen with DCV use 

have spurred great interest and further investment in this 

novel therapy. Currently, the field of neuro-oncology is eagerly 

awaiting the results of its first Phase III trial using DCV treat-

ment for GBM (clinical trial registration # NCT00045968). 

Two other Phase III trials are listed on ClinicalTrials.gov, 

one of which has suspended recruitment due to financial 

concerns (clinical trial registration # NCT02546102), while 

another is currently enrolling patients by invitation (clinical 

trial registration # NCT01759810). While the publication 

of large Phase III trials will more definitively answer the 

question of whether DCVs are a viable therapeutic option 

for patients with GBM, an examination of the previously 

discussed results provides reason for optimism. Seven of 

the 11 published studies using DCV as a treatment in newly 

diagnosed HGGs showed survival benefit, and although that 

was true in less than 20% of the trials evaluating DCVs in 

recurrent HGGs, these studies were largely aimed at proof of 

concept and evaluating safety for this novel therapy.

While DCV therapy has been approved for the treat-

ment of castration-resistant metastatic prostate cancer,38 

it remains the only one to secure FDA approval. On the 

other hand, immune checkpoint inhibitors have also found 

success in improving the prognosis of patients with various 

malignancies. In the past decade, large trials have shown 

immune checkpoint inhibitors such as anti-CTLA4 and 

anti-PD1 monoclonal antibodies (mAbs) to be effective as 

a treatment option in melanoma and non-small cell lung 

cancer.77–80 There are currently 2 Phase III trials investigat-

ing the use of Nivolumab (an anti-PD1 mAb) in patients 

with GBM (clinical trial registration # NCT02667587 and 

# NCT02617589). At present, it remains unclear what form of 

immunotherapy, alone or in combination, will reign supreme 

in improving prognosis and limiting treatment-related 

adverse events for patients with this terrible disease.

With regard to production, DCs normally take 5–7 days 

to mature. To improve accessibility of these vaccines to 
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patients, so-called “fastDCs” have been developed that reduce 

the in vitro culture time to as short as 2 days, while retaining 

the potency of DCs to activate immunologic responses.81 

FastDCs provide higher yields in culture and more effective 

priming of tumor-specific cytotoxic T cells.34,82

Further, less than 5% of injected DCs reach the LNs.83 

It has been demonstrated that improving DC LN homing 

can improve the efficacy of tumor antigen-specific DCs.69 

Mitchell et al69 used the Td toxoid as a potent recall antigen to 

pre-condition the vaccine site in GBM patients. The authors 

found that patients given Td had enhanced DC migration and 

significantly improved survival.

One potential avenue to overcome both the abovemen-

tioned limitations – lengthy DC production times and poor 

migration – is targeting DCs in vivo.84 In vivo DC vaccination 

strategies use mAbs to target DC-specific cell surface recep-

tors. CD205 is a novel receptor that mediates antigen uptake 

and presentation to T cells. Injection of tumor (melanoma) 

antigens conjugated to anti-CD205-antibodies stimulated 

CD4+ and CD8+ T cells and slowed tumor growth in mice.85 

The feasibility of an in vivo approach in humans has been 

demonstrated using a vaccine of human CD205 antibody 

fused to the tumor antigen NY-ESO-1.86 An in vivo approach 

involving mAb-mediated delivery of GBM antigens to 

DCs remains to be tested, and this certainly merits future 

investigation.

Strategies such as mentioned previously that optimize 

the production, targeting, and antigen loading of DCs and 

overcome the problem of limited migration, combined with 

immune checkpoint modulators that “release the brakes” on 

the immunosuppressed tumor microenvironment, will help 

improve the efficacy of DC vaccines for GBM. It is a prob-

ability that an optimized vaccine will reach Phase III trial 

and with promising results, bring this therapeutic approach 

into mainstream clinical use.

At the health care systems level, it is important to rec-

ognize that not every institution will be able to offer this 

therapy. Clinical care and referral pathways will need to be 

implemented to support a centralized model of care. Given 

the potential for serious adverse events related to cerebral 

edema and resultant elevated intracranial pressure, patients 

will need to be treated in close proximity to a neurosurgical 

center and monitored closely. Protocols will need to be 

instituted for handling complications.

Conclusion
The field of DC immunotherapy continues to evolve at 

an exponential rate. The FDA approval of sipuleucel-T 

for the treatment of metastatic prostate cancer marked an 

important milestone for the prospect of immunotherapy in 

oncology. As our understanding of physiologic immune 

surveillance in tumor control continues to grow, we can 

expect to see immune modulation make its way into standard 

therapeutic protocols in neuro-oncology as well. Indeed, 

with the promising results provided by clinical trials of DCV 

immunotherapy for GBM, it is perhaps more a probability 

than a possibility that in the near future, surgery, cytotoxic 

therapies (ie, radiochemotherapy), and immunotherapy will 

form a three-pronged therapeutic approach that will enhance 

clinical outcomes.
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